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• ABSTRACT 

The megakaryocytes are normal constituents of the bone marrow. 

These cells, or fragments of them, may be found in the peripheral blood 

of human beings and animals under physiological conditions. It has been 

reported that circulating megakaryocytes are more frequently seen in males 

than in females. In human beings, they are normally observed during the 

foetal stage, and less and less frequently in childhood and adult life. 

Megakaryocytosia, or the increased incidence of these cells in 

various tissues, has been observed in diseases such as myelosclerosis, 

myeloid leukaemia and inflammatory conditions, as well as after accidental 

or sudden death. Cirrhosis causes a reduction of megakaryocytes, even in 

the bone marrow. 

The incidence of circulating megakaryocytes is notably high 

in patients with cancer. Investigators in the field of cancer research 

have in the past frequently mistaken them for cancer cells. Then a more 

detailed study established a distinct morphological difference bet,4een 

the two cell types, and it was found that many so-called cancer cells were 

in fact circulating megakaryocytes. This, almost accidental, discovery 

drew attention to the biological importance of these cells in neoplastic 

disease, even if there are no bone metastases. It is not yet known why 

megakaryocytes are mobilized, and migrate from the bone marrow (myeloid 

tissue) to the blood, in malignant neoplasia. 

The present investigation was designed to determine whether 

megakaryocytaemia is in fact related to malignant disease and, if so, 
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what factors cause and control it. 

Various causative factors have been suggested. They include 

stress, changes in the blood platelet level, anoxaemiai  softening of the 

bone marrow, and a biological reaction to neoplastic tissue. It was 

therefore decided to study the incidence of circulating megakaryocytes in 

relation to the blood platelet level, stress, adrenalectomy, spenectomy 

and other experimental conditions. 

Hale Wistar rats were used in all' experiments. For transplant 

tumours, Walker 256 carcinoma was injected subcutaneously in the right 

flank. Blood for the megakaryocyte counts was taken from the heart. The 

simple smear technique was considered inadequate for the purpose of this 

investigation, and a cytological technique was used instead. 
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HISTORICAL 

REVIEW 
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Survey of Previous Concepts 

  

"There can hardly be any other type of cell with so many 

different organelles and cell inclusions, which normally only the study 

of many cell types would bring together. In this respect the megakaryocyte 

is unique." This statement was made by Rhodin in 1963. Little further 

attention was paid to these cells until recently. Their physiology and 

possible role in pathological conditions have scarcely been investigated. 

Robin (1849) was the first to describe these cells. He found 

them in the bone marrow (Pig. 1) which, he thought, lined the sinusoids 

of the medullary canal and derived from that same anatomical site. 

Biszozoro and Newman (1905) differentiated the megakaryocytes into those 

1-4ith multiple nuclei and those with a single multilobed nucleus. Later 

some of the multinuclear cells were thought to be osteoclasts. 

Aschoff (1893) found some megakaryocytes in the pulmonary bed 

and concluded that these cells had migrated from the bone marrow. Several 

other workers (Wright, 1910; Bunting, 1911; Oelhafen, 1914; Casaris-Damel, 

1914; Di Gugliebnot  1917, 1920; HCCullen, 1920; Planes., 1920) also 

demonstrated megakaryocytes in the pulmonary bed and supported Aschoff's 

view that they migrate from the bone marrow in the form of emboli. This 

was further substantiated by other groups of investigators (Favre, 1934; 

Hickling, 1937; Rosenthal and Erf, 1943). 

The concept that megakaryocytes migrate from the bone marrow 

to the lungs in the form of emboli is now more or less generally accepted. 

It led Bunting (1912) to look for these cells in the peripheral blood, 



through which they are supposed to travel. Ha first detected megakaryo-

cytes in the peripheral blood of a patient with Hodgkin's disease. Later 

Oelhafen (1914), Di Guglielmo (1917, 1920)i.Kaznelson (1917) and Pianese 

(1917) all confirmed Bunting's. findings. Except for the work of Wright 

(1910), English and American authors contributed practically nothing on the 

subject until the early 1920s. Minot (1922) of the National Institute of 

Medicine, Pennsylvania, United States of America, reported finding 

megakaryocytes in the peripheral blood of patients with myelocytic 

leukaemia, polycythaemia vera and Hodgkin's disease. He suggested that 

the presence of circulating megakaryocytes indicated an alteration in the 

regulatory mechanism of the bone marrow and revealed a severe strain on 

the bone marrow. 

Minot's study on this aspect was very thorough and intensive, 

especially if we consider the techniques at his disposal. He observed 

megakaryocytes in the peripheral blood of 35 out of 45 patients with 

chronic myelocytic leukaemia, and also found small megakaryocytes in the 

peripheral blood of patients with polycythaemia vera, Hodgkin's disease, 

one with fatal pneumonia and one with sepsis. He postulated the probabili-

ty of migration of these cells, or tumour or tumour-like cells, to 

different environments. Little effort has since been made to explore the 

causation of this migration. Passage of the cells through the pulmonary 

capillaries was accepted almost without question (Minot, 1922; Minot and 

Buckman, 1923). 

The presence of these cells in ectopic sites, that is in sites 



other than the bone marrow, has been observed by various authors (Msooh, 

1879; laungartion, 1899; Askanazy, 1904; Shemorl, 1904; Letulle, 1905; 

Assman, 1907; Lehendrof, 1907vLevy, 1919;,Ricci,1922; Koerner, 1926; 

Joros, 1927; Dibinskya, 1928; Hedgedorn, 1928; Pincorton,•19291-Anagrostu. 

1933;Jecobson, 1933; Downey, 1936; Kauffman,.1938; Bamforth, 1939; 

Jordan, 1941; Bolden, 1944Weinbeck, 1942; thurg..1944; Schwarz.:1948, 

1953,:1955; Marinone, 1949; Taylor,.1950). 

.Schwarz (1958) is of the opinion that the presence of:these cells 

in the spleen, liver, kidneys and lungs is independent:of bone marrow 

disorders such as leukaemia or subleukaemic:myelosis, as against Minot's 

suggestion (1922). The extramedullary origin and development of.mega-

karyocytes has since been postulated and supported by other investigators. 

Brill'and Helpern (1948) observed megakaryocytes in the so- . 

called ectopic site and remarked. that a small number of these cells were 

circulating in the blood stream, but they provide no data to support their 

comment. 

Apart from those occasional reports on the.discovery of mega-. 

karyocytes in the peripheral blood of patients with haematological disorders 

or Hodgkin's disease, which support Minot's classical observations, little 

has been published on the subject between 1925 and 1950. There has been 

no systematic study of these cells and their appearance. in ectopic sites 

in relation to diseases:other than those already reported by Minot. 

Engel' (1955) studied the incidence of tumour cells in the 

circulating blood, and this created a lot of interest.. Since then 



different workers have used sophisticated and effective techniques to 

isolate cancer cells in the blood (Cole, Sandberg et al., 1961; Pruitt, 

1962; Scheinin and Koivuniemi, 1963; Sakurai, 1962; Robinson, 1963; 

Delarue, 1964; Selbach, 1964). The incidence of.cancer cells in the 

peripheral blood was found to be between 2%-and 26%, and between 13% and 

50% in the veins draining the tumour or the area of the tumour. These. 

results were obtained by different investigators using different 

techniques. 

Very recently Romsdshl (1965) used a new technique.  and claimed 

to have found cancer cells in 2 out of 35 samples of peripheral blood 

from cancer patients, and in only 2 out of 28 samples of blood taken from 

the local vein draining the tumour. He noted a remarkably. low incidence 

is this series compared to the results previously obtained by others. 

Many of the-cells with large hyperchromatic nuclei he found to be mega-

karyocytes, and great care had to be taken to distinguish these cells from 

circulating cancer cells. In his experience other cells, e.g. myelocytes, 

plasma cells, macrophages, osteoclasts, endothelial cells, tissue mast 

cells and trophoblastic cells, are also encountered in the peripheral 

blood and may be mistaken for cancer cells. 

Kierszenbaun and Tres (1964) also found manycells in the blood 

which resembled cancer cells, but in fact were not. They identified moat 

of these cells as megakaryocytea and 42% of their blood samples from 

different cancer patients showed megakaryocytes in peripheral blood. 

Sandberg, Moore and Schuberg (1958) demonstrated "atypical cells" in the 



blood of cancer patients. They found plasma can, mysloblasts, promye-

locytes, calls in mitosis, normal tissue cells and also cells of "obscure 

Identity", which were extremely difficult to differentiate from cancer 

cells. This is a difficulty encountered by most investigators looking 

for cancer cells in the blood. 

Alexander and Spriggs (1960) comment: "After practically a 

century of morphological haematology, it might be thought that all the 

types of cells that occur in the blood would already be well known. it 

turns out, however, that this is not the case, and newer techniques of 

white cell concentration are beginning to reveal a remarkable variety of 

non-malignant cells which are seldom or never figured in the atlases of 

blood." Sandberg's difficulty in identifying all the "atypical cells" 

is quite understandable. 

After Ragan, various investigators have recorded the need for 

distinguishing circulating megakaryocytes from circulating tumour cells 

to avoid misinterpretation (Sandberg, 1957; Alexander and Spriggs, 1960; 

Raker, 1960; Macdonald, Roberts and Southwick, 1961; Jackson, 1962; 

McGraw, 1962; Nerbouval, 1962; Romsdahl, 1963; Kuper, 1964; Nast, 1964 

and Sellwood, 1967). 

Members of the CirculaLing Cancer Call Study Group, under the 

presidency of Nadel (1962), reported the existence of megekaryocytes in 

the peripheral blood along with other marrow elements. They emphasised 

that it is essential to differentiate these cells from tumour cells in 

the blood. 



Raker 0960) found a very high incidence of megakaryocytes in 

the peripheral blood of cancer patients. In this series of cases, 

megakaryocytes were found in the blood of 427. of the patients. 

Sir Lionel Whitby (1948), in a review, noted that reports had 

been published on the appearance of these cells in the peripheral blood 

of patients with carcinomatosis, myelomatoais, osteoscierosis, Cooley's 

anaemia, and lipomatosis, as well as diseases of the bone marrow proper. 

Minot (1925) had suggested that the hyperplastic process. of polytythaemia 

very and leukaemia was the controlling factor for migration of these 

cells to the peripheral blood. 

Leukaemia of megakoryoblaatic. origin has been reported by 

Soros and Korenye (1934). Whitby found megakaryocytes is the peripheral 

blood of one of his patients with leukoerythroblastic anaemia, and .stated 

that the appearance of these cells in the peripheral blood was suggestive 

of myelofibrosis. 

Melamed (1966) observed them in the peripheral blood of cancer • 

patients with no demonstrable change in the bone marrow or platelet count. 

He noticed fragments of megakaryocytes in the blood of non-cancerous and 

healthy subjects. 

It is only since the last decade that we are becoming familiar 

with the idea of associating cancer with circulating megakaryocytes. 

This actually emerged out of the confusion of cancer, cells and "atypical 

cells" it the peripheral blood. There had only been sporadic reports on 

the existence, of these cells in the blood, but after 1960 some investigators 
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attempted a. systematic study of megakaryocytes in the circulating blood 

(Raker, 1960; Alexander and Spriggs, 1962; Herbeuval, 1962; West, 1963; 

Hume, 1964; West, 1964). 

Hums. (1964) and her associates did a quantitative study of 

circulating megakaryocytes in human: subjects. Taking blood from the 

antecubital vein, they found that these cellswere,manytimes more common 

,in cancer patients than inothers. Aciording to their findings, the 

frequency is higher in blood taken from the tumour area than in the ante-

cubital vein. It was noted that the incidence of circulating mega-

karyocytes increased after any type of surgical intervention. The same 

investigators also recorded a diurnal variation, as with polymorphs, with 

a peak at about 4 p.m. The rise after surgical operations was attributed 

to the diurnal variations. Out most of the,operations were finished 

around 4 p.m. in the afternoon and Hume has admitted the possibility that 

the stress of the operation might cause migration of these cells from 

the bone marrow.to the,peripheral blood. No critical review of her-

comments was given. 

Williams, Delco and Warren (1953, 1955, 1960) observed-increased 

megakaryocytes in the bone marrow and also a high platelet count in the 

peripheral blood following surgical operations and prolonged intravenous 

transfusions of ACTH. The same effect was observed by Thorn and Jenkins 

(1953) and Selyl (1950). 

Melamed (1966) took samples of blood from seventy five normal 

subjects and found fragments of megakaryocytes in all of them. He also 
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found mega",:aryocytes in every one of 	peripheral blood samples taken 

from cancer patients. But these were mostly intact calls. The number 

of megakaryocytes was highest in blood taken from the azygos vein, as 

compared to other sites. Romsdahl noted 17.3 megakaryocytes per 10 ml. of 

peripheral blood from patients with advanced carcinoma, while early cases 

showed only some fragments. According to his observations the number of 

these cells In the blood increases while cancer patients are being treated 

with chemotherapeutic agents. Thirteen out of twenty five cancer patients 

showed a significant increase in the number of these cells in the blood. 

The average was 23.6 cells par 10 ml. of blood. Similar observations were 

made by other investigators (Herbeuvel, 1962; Prizhivoit, 1964; West, 1964). 

Megakaryocytes have been found in the blood drawn from different 

vessels (Romsdahl, 1966). The frecuency,and number was highest in blood 

taken from the. azygos vein. 

Jackson (1963) used histochemical methods to identify these 

cells. He observed the same incidence of megakaryocytes in cancer patients 

and normal subjects. 

Scheinin and Koivwdeme (1963) found an increased number of 

megakaryocytes in the pulmonary circulation of cancer patients. Anaemia 

and inflammatory conditions show a higher pulmonary megakaryocyte count 

than other pathological conditions, though it is lower than that found 

lath neoplastic disease. The presence of these cells hawaiso been noted 

by other observers (Aschoff, 1893; Goroney, 1924; Britte, 1948; Seebach, 

1952; Schwarz, 1948, 1953 and 1956). 
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12 

FIGURE 1. 

Megakatyocytes ore normal constituents of bone marrow. 
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it was thought that the migration of megakaryocytes was part 

of the process of aging (Whitby, 1948). But Cuny et al. (1961) demon-

strated that the, incidence of circulating megakaryocytes is in no way 

related to age, as there was no difference in the frequency of these cells 

in the peripheral blood of persons of different age groups. 

There is a slight tendency for the megakaryocyte count to be 

higher in males than in females. Large numbers of these cells, along with 

other bone marrow elements, are normally seen in the peripheral blood of 

new born babies and foetuses (Efrati et al. 1961). 

So far few experimental studies on circulating megakaryocytes 

have been published in the literature. Prizhivoit (1963) investigated 

the megakaryocytes in the bone marrow of rats with sarcoma 45, sarcoma M-1 

and Walker 756 carcinosarcoma. He observed an increase in degenerate 

forms and a decrease in active forms. The total count (frequency) of these 

cells in the bone marrow had increased. Prizhivoit concluded from these 

observations that megakaryocytes are highly sensitive to the presence of 

neoplastic tissue in the body. 

Traycovich (1964) examined the blood from the right heart of 

hamsters with melanoma, fusicellular and endothelial sarcoma. He also 

examined blood from the same site in 26 normal hamsters. 64% of the 62 

blood samples taken from animals with tumours were found to contain large 

haematopoietic cells non-malignant in origin. Most of these cells were 

identified as megakaryocytes. 507. of the samples taken from normal 

hamsters also contained endothelial cells or megakaryocytes. Traycovich 



mentions the presence of different cells of hasmatopoietic origin,. but 

unfortunately his results are inadequate through lack of information. 

No mention is made of the relative frequency of different cells in animals 

with and without tumours. 

Roszel, Prier and Kopro-;ska (1965) examined blood from the 

cephalic vein of normal dogs. They used the buffy coat technique to 

iao1ata megakaryocytes and stained the smears with Wright-Ciemsa stain. 

Every blood sample was found to contain intact cells and fragments. 

Haematological examination revealed that some of the dogs had a leukaemia 

with leukocytosis. But it is apparent fro the data given that these 

haematological abnormalities are not related to the incidence of circulating 

megakaryocytes. 

The authors admit that the inconsistent results obtained with 

the buffy coat technique are a handicap in enumerating megakaryocytes in 

the blood.. 

Roszel and his associates (1965) observed abnormal riagakaryocytes 

in the spleen of mice bearing transmissible ascites tumours. 
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Survey of Methods for the Determination of Circulatina Melakaryocytes 

in the Blood  

Since Minot's observation of megakaryocytes in the circulating 

blood, little attention has been paid to the subject until recently. 

Interest has been revived through the search for cancer cells in the blood 

and all recent information comes chiefly from investigations in this field. 

Nadel and Coldblatt (1965) recently reviewed all the methods 

available for isolating cancer cells in the blood. To their surprise they 

found twenty different methods. Some of these techniques have also been 

used by investigators whose primary interest lay in the circulating 

megakaryocytes. Conventional haematological, immunological and histo-

chemical techniques have been employed for the purpose. They can be 

broadly classified as follows; 

1) Simple blood smear using conventional haematological techniques 

2) Techniques for the isolation of cancer cells from blood with 

Papanicolaou's stain or conventional histological stains 

3) Fluorescent staining and histochemical identification 

4) immunological technique 

1) Smear and total whit. cell count  

Until recently megakaryocytes in the blood were counted by the 

conventional haematological method. Blood is taken from the tip of the 

finger or ear lobule, a smear is made and stained for differential count. 
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A total white cell count is also done, using a counting chamber. .Then 

the'number of megakaryocytes in that total is determined. The results are 

inconsistent and show great variation, as the number of circulating 

megakaryocytes is very small. Bunting (1911) was the first to detect' 

megakaryocytes in the peripheral blood by this methoch His observation 

was later confirmed by Casaris-Demel (1914), Nageli (1914), Oelhafen (1914), 

Kaznalson (1917), Di Guglielmo (1917, 1920), Minot (1920), Pianesi (1920),' 

Minot and Buchman (1923) and Whitby (1948). 

Minot (1922) did a quantitative determination of these cells in 

the peripheral blood with very inconsistent results. As he describes it, 

"at one time or other 35 out of 45 patients with myelocytic leukaemia had 

megakaryocytesAn the peripheral blood". It'is essential to examine a 

number of slides to detect these cells. The procedure is tedious, and time 

consuming, with uncertain results. The method being an indirect one, its 

reliability should certainly be questioned. The advantage of the technique 

is that it always retains a very clear morphology of the cells. It is 

easy and simple, but definitely unsuitable for an element for which a huge 

quantity of blood has to be examined. 

Minot found megakaryocytes in the blood of patients with a white 

cell count of 50,000 per cmm or more. If the white cell count was below 

50,000, these cells wore found to disappear from the blood. .The range of 

occurrence was between 17. and 87. of the total white cell count., This has 

been confirmed by a few authors (Hickling, 1937; Carpenter.and Flory, 1941; 
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Fevre, 1934; Rosenthal. and Erf, 1943). Sir Lionel Whitby (1948) found the 

aame proportion of megakaryocytes in the peripheral blood of a patient 

with leukoerythroblastic anaemia. He reported that on various occasions 

megakaryocytes formed 2 to 4% of the total leukocyte count for this patient. 

It is remarkable that between 1925 and 1950 the literature 

contains nothing about circulating megakaryocytes in relation to other 

pathological conditions and normal health. This is no doubt due to the 

technical difficulties. There are reports on the association of these 

cells with diseases of the haematopoletic and reticuloendothelial system 

and with Hodgkin's disease. Recently more sophisticated techniques have 

been employed and the results suggest that megakaryocytes are much more 

frequently found in the circulating blood in both health and disease, and 

particularly neoplastic conditions. 

2)Teclmiques for isolating cancer cells from the blood and their use for 
the determination of mezakaryocytes  

The fact that Nadel (1965) found that twenty different techniques 

are employed for the isolation of cancer cells suggests that none of them 

are satisfactory. All these techniques consist chiefly in removing the 

vast number of normal cells, leaving the abnormal cells behind. The aim 

is also to preserve the morphological structure of the cells to be 

examined. Megakaryocytes have a well-defined morphological character, so 

that they are relatively easily detected in the blood and differentiated 

from cells of similar morphology. The,general principle of all these 
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techniques is the removal of erythrocytes removal of leukocytes, followed 

by preparation for microscopy. 

Various methods'have been tried for the removal of erythrocytes, 

e.g. water (queensal, 1921), acetic acid (Pool and Dunlop, 1934), saponin 

(Eagan, 1955; Wbang, 1958; Kuper, 1961; Erichasoni 1962). Streptolysin 0 

has been used for the 105.4 of both red and white cells (Nalmgren, 1956, 

Romsdahl, 1961). This is an expensive, unstable and quickly destroyed 

enzyme. Some workers used streptolysin S, but this was shown to be 

detrimental to cancer cells and probably also other cells in the blood. 

Erythrocytes have also been separated by the preceis of sedimentation. 

This can be improved by adding bovine fibrinogen (Sandberg, 1957; Roberts, 

1958, Diddle, 1959; Fletcher and Stewart, 1959; Cousineau, 1961; Watne and 

Lincoln, 1962; tshikawA, 1962; Stofberg, 1963), dextran (Alexander and 

Spriggs, 1960; Colombo et al., 1960; Romsdahl, 1961), or phytohaemagglu-

tinin (De mall°, 1960). These methods are not very expensive, but the 

possibility of losing cells is very great, so that they cannot be used 

for quantitive determinations. 

Differential centrifugation after lysis of the white cells with 

streptolysin 0 hes been tried. Cancer cells, lymphocytes and megakaryo-

cytes have less specific gravity than erythrocytes and polymorphonuclear 

cells and can be separated by .differential centrifugation (Roberts, 1958; 

Seal, 1959). 

Polyuorphs have been separated with a horseshoe magnet after 
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binding with carbonyl iron. The red cells are lysed with saponin during 

and after the process (Kuper, Brignall. Lucklock, 1961; &Inwood, 1964, 

1967). There is sufficient evidence to suggest that this method is 

suitable for quantitative determination (Sellwood, 1964, 1967). It is 

cheap, simple and quick. For these reasons it has been,  chosen for this 

particular study and further details will be given in the following 

chapters. 

For microscope examination, paraffin blocksof cell deposits 

(Wizen, 1955), smears (Sandberg and Moore, 1957; Roberts, 1958) and 

membrane filters (Maims:al, 1958; Kuper, 1961; Sakurai, 1962; Saito, 1961; 

Seliwood, 1964) have been used. 

Maismed (1966) and Seal (1964) used plastic sieves for isolating 

megakaryocytes and cancer cells respectively. They collected 10 ml. of 

blood from a major thoracic vessel or any peripheral vein in IDTA or a 

heparinised container. Immediately after collection the sample is passed 

through a perforated plastic membrane with 1.2 x 105  perforations of 4.5 

micron diameter per cm2.* The sieves with the retained cells are washed 

in saline, followed by 507. ethyl alcohol, and then fixed in propanol. 

They are stained with haenatoxylin and eosin, dehydrated in alcohol and 

cleared in xylene. The plastic sieves become transparent and are mounted 

on 1" x 3" glass slides in parmount. 

* These are known as nucleopore filters, manufactured by the Millipore 

Corporation. Bedford, Massachusetts, U.S.A. 
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Properly Collected fresh blood should pass through the sieves 

easily by gravity alone, taking less than 2 • 3 minutes. Seal (1964) 

used sieves of 1" diameter for 10 ml. of blood. 

In the experience of various investigators the plastic membranes 

and millipore membranes with large pores (Foss, 1963) have proved 

reasonably precise. Membrane filters will effectively trap cancer cells 

and megekaryocytes and retain-. them for microscopy. They have proved better 

than other techniques (Sakurai, 1962; Taft and Arizaga-cruz, 1965; 

Seliwood, 1967), 

Various stains hire been usede.depending largely an the field 

of research in which the investigator specialized. A pathologist normally 

likes to use haematoxylin and eosin, a cytologist Papanicolaou, and a 

haematologist Domanovsky's stain, and so all these staining techniques 

have been used. 

3) Fluorescent staining and histochemical identification  

It has been claimed that fluorescent staining with acridine is 

a useful method (De Mello, 1962; De Mello and Raster. 1962). This 

technique produces a high proportion of false positives but is said to 

wake megakaryocytes easily recognizable (Jackson, 1962; Stein, 1962; 

Pavone and Rolfini, 1963; Nagy, 1965). 

John F. Jackson (1963) has described a histochemical technique 

using acridius orange fluorescence for the rapid identification of all 

suspicious cells, and subsequently periodic acid•Schiff's stain to 
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differentiate the megakaryocytes. 

For this method, 10 ml. of blood are mixed with 5 ml. of 6X 

dextran in physiological saline. The mixture is left to stand for 35 to 

45 minutes to allow the erythrocytes to settle. Then the supernatant 

fluid is withdrawn and replaced by the same volume of saline. After 

centrifugation, smears of the deposit are made on slides. The sears are 

fixed in Carnoy's fluid, rinsed with 50% ethyl alcohol and washed in 

distilled water. They are then placed in 0.01 acridine orange in 

Hailvainees citric acid buffer at • pH of 3.8 for 3 minutes. After this 

they are rinsed in distilled water and mounted. 

The slides are scanned for all cells Showing positive acridine 

orange fluorescence, these cells being classified as suspicious. Then 

the slides are placed in 50% alcohol for 2 minutes to remove the stain, 

and =stained for the periodic acid-Schiff reaction. The suspicious cells 

are examined for PAS positive granules which help to identify the mega-

karyocytes. According to Jackson, the detection rate is satisfactory. 

Fragments of megakaryocytes also fluoresce and give a PAS 

positive reaction, due to the presence of glycogen. Tumour cells, mast 

cella and trophoblasts fluoresce in the samemay as megakaryocytes. Like 

other histochemical methods, the technique requires great care, precision 

and skill. Its advantages still require evaluation. 

4) The immunological technique  

Herbeuval (1961) used an immunological technique for the 
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identification of megakaryocytes.in the circulating blood. Human anti-

platelet globulin adheres. to all structures of the mosikaryocyte series, 

and fibrinogen. Herbeuval used human antiplatilet serum at 1 in 640 per 

litre and identified the megakaryocytes under ultraviolet light. This 

method' is certainly precise and effective, for with it felt other cells 

or elements will give the same appearance as megakaryocytes. It is 

complicated but would seem to detect these cells effectively in thivblood. 

Unfortunately the paper gives no details of.the results, e.g. the 

incidence or total count, which would have been helpful- for.a comparative 

study. 

(It is hoped that further details will be published.) 

Identification of Hisakarvocytes  

Since Robin's (1849) original deicription of these cells as 

"magalokarkocytes" there his been little dispute over their identification, 

either in the bone marrow or at ectopic sites. He discribed them as huge 

cells with multiple lobulations of the nucleUs. He observed that these 

cells lined the sinusoids of bone marrow and thought they developid from 

the same site. Sizsosoro and Newman (1905) deicribed two diffirent 

worphological types of these conga 

I. Cells with a single multilobed nucleus 

2. Cells with multiple nuclei 
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• Many of the multinuclear cells haw been identified as osteo-

clasts. These are only rarely seen in the blood, but may always be. 

confused with magakaryocytes. With multinuclear megakaryocytes seen in 

the,  blood and bone marrow, the number of: nuclei is usually less than 16, 

whereas osteoclasts contain more than 20.. The osteoclast cell with the 

cytoplasm is also much bigger than a megakaryocytei.fts diameter being 

about:100 micron(Rhodin 1963). 

Description of the Different Paste of Hetakaryocytes (Pit. 8;cs.  9) 

Cell membrane » The cell membrane is of medium thickness and continuous, 

though it appears broken at times, which is said to be due to the formation 

and dissemination of platelets. 

The Cytoplasm • Haematoxylin - eosin and Romanovsky's stain produce a 

pink or purple colouration of the. cytoplasm. Frequently the cytoplasm is 

eosinophilic and homogenous, with occasional granules or vacuoles. These 

granules are basophilic or azurophilic. The presence of granules in the 

cytoplasm has been ascribed to the fact that it is actively engaged in 

blood platelet formation. 

The nuclear membrane • This is thin, regular and continuous around all 

the lobes of the nucleus. Rupture:of the nuclear membrane is never seen 

under physiological condition*. 

The nucleus,« In mature megakaryocytes the nucleus is always multilobular, 
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with direct nucleoplasmic connection between the lobes. Frequently 

completely detached nuclear. lobes or nuclei. are seen, either singly or 

in numbers. ..The distribution ofchromatin granules in the nucleus is;. 

uniform, with conspicuous, condensation along the, nucleoli. .Nucleoli, are 

only infrequently pbserved.in these cells. 

The nucleo•cvtovlasmic ratio - The nucleo-cytoplasmic ration is.very high, 

vary much higher. thamin any cell of comparable morphology and size. 

Mitosis - Very rarely one may see the cells under ondomitoticconditions, 

and in this state they are difficult to differentiate from cells of a 

similar. type. 

Moaakarvoblasts (Fig.9 ) 

These are huge cells, 20 to 50 micron in diameter. The nucleo•cytoplasmic 
in 

ratio is high but less than/mature cells. The cytoplasm is profuse, and 

eosinophilic or pale violet granules may be seen in it. Some of these cells 

may have a thin rim of basophilic cytoplasm, and are frequently mistaken 

for,cancer cells. Basophilic staining of the cytoplasm of cancer cells 

is not yet known. 

The nucleus is comparatively larger, than that of the mature 

cell. Lobulation of the nucleus is never encountered. The nuclei 

contain evenly distributed chromatin granules and nucleoli are frequently 

present. Valaitas and McGrew (1962) have drawn attention to the mirror 

image appearance of the nucleus, with the chromatin granules symmetrically 

arranged. 
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Incidence of. Circulatina Menakarvocvtes  

Megakariocytis have been demonstrated in the blood of patients 

with'varieUs diseases, especially ionditiOns'involving the hilmatopeietic 

system.. Until recently these cells'weri not thought to bi l'uormal' 

constituent of the blood. With:the aid of modern sophisticated techniques 

megakeryocytes have been fOusd more irequently'in patienti with various 

conditions end also to healthy subjects. Frigments'ef these 'cells ire 

sien'in the blood othealthy subjects, while nndimaged cells are 

conspicuoui in morbid states sod particularly neoplastic disease. 

Using conventional haematological methods, Minot (1922) 

demonstrated megakaryocytes in the blood of 77.7% of patients with 

myelocytic leukaemia: Several other author's reported similar findings 

(Hickling, 1934 Carpenter and Flory, 1941; Fevre, 1934; Downey and' 

Mordlatd, 1939#  Rosenthal and igri, 1943). 

Raker and his associates (1960) first attempted to study the 

incidence of these cell' in the blood of cancer patients, using Seals 

cell concentration technique (1958). They found megakaryocytes in the 

blood of 42% of their canceepitients. But their paper gives no 

cOmparitive  data on thi incidence of these cells in normal individuals 

or patients with'non-ailignant diseases. 

Scheinin and Reivuniemi (1963) used huffy coat smears and 

detected megakaryocytes in the blood of 129 (77%) of 168'patients with 

malignant and non-malignaPt diseases. 114 of the 168 patient$ had cancer. 
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In different sitetof the body. They'took about'4' - . 8 ml;. of blood from 

the antecubital vein of these patients,. and found 1.2 megakaryocytes per 

sample on average. The total megakaryocyte .count was greater in cancer 

patients (0.8 cells per specimen) than in those with other diseases 

(0.3 cells per specimen), 

Herbeuval and.his,associates (1964) used a modification of Seal's 

technique and found fragments of megakaryocytes in the peripheral blood 

of patients with haematological disorders (43.77,). In the blood of 

cancer patients they found mostly intact megakaryocytes and occasional 

cell fragments (16.50 

Hume et al. (1964) used the modified Seal's technique and found 

megakaryocytes in the blood of 50.6% of their cancer patients. Only 3.17. 

of patients with non-cancerous diseases showed megakaryocytes in the 

blood. They also observed that intact megakaryocytes were more frequent 

in the blood of cancer patients than in that of patients with other 

diseases. 

Efrati et al. (1963) used the buffy coat technique and detected 

fragments of megakaryocytes in every one of a number of specimens taken 

from healthy subjects. They presented comparative findings for adults of 

both sexes and foetuses of both sexes. They also demonstrated the normal 

variation in adults of different sex. They found that 10 ml. of adult 

blood contained on the average 21.79 megakaryocyte fragments, compared to 

602.7 fragments in the blood of foetuses. In male subjects they detected 
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14.6,megakaryocytts or. fragments And in female , subjects 28. . 

.Wast(1963) used.theSeel'stechnique with blood takenfromthe 

antecubital,vein.. He, ound.megakaryocytes in the blood.of,22 out of.82 

cancer patients,•and remarks that the blood of cancer.patients contained 

mostly intact megakaryocytes, while only a few occasional, fragments were 

found in the.blood,of.the.normal subjects., 

Cuny et.al.:(1961) took blood from normal. subjects and observed 

that all the samples were positive for megakaryocytest  nearly all of then 

showing fragments, with,just occasional.  intact cells.. 	this series 

males had a higher,count than females, 11.5 megacaryocytic elements per 

ml. as compared to 5.6.per cal.. He.could not. find any difference in the 

number of circulating megakaryocytes in different. age groups. On the 

other hand he admits the significantly higher occurrence. of these cells 

in the peripheral blood of foetuses. He used the same technique as 

Herbeuval et al. (1962). 

Maimed et al. (1966) used the buffy coat technique and found 

megakaryocytes or fragments of these cells in blood samples taken from 

both healthy subjects and cancer patients. For this investigation, 10 

ml. of blood were taken from each subject.. Fragments of megakaryocytes 

were found in the blood of every one of 75 normal subjects, the. average 

being 144.97 per subject. Intact cells were found in all the samples 

taken from 12 cancer patients, with an average of 54.75 cells per specimen. 

Jackson (1962) employed the histochemical technique to study 
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the incidence of megakaryocytes,in the peripheral blood of, patients with 

and without cancer. His material consisted:of 18.cancervatienteend 11, 

patients with other, diseases.. Megakaryocytes were found in, blood taken 

from the antecubital vein of 26 of these 29 patients. The cancsr, patients 

showed 7.7 megakaryocytes or fragments per ml. of bloodv patients with 

non-cancerous diseases 6.7 per ml. Jackson claims that with this technique 

he saw mostly intact megakaryocytes in the blood of non-cancerous patients. 

This does not.agrom with the findings of,other: observers. No specific 

mention is made of the frequency with which megakaryocytic,fragmente 

occurred in this series. This is important, because thelragments 

fluoresce and give the same positive PAS reaction as intact cells. 

Traykovich (1964) studied the incidence of, circulating mega-

karyocytes in. the blood, of hamsters.;.-Blood,collected,from,the right 

heart of the hamsters was, placed in,a phosphate:  buffered solution with 

polyvinyl pyrrolidine sodium citrate and 2% formalin. A,saponin• solution 

containing 50% ethyl, alcohol and,27. formalin was added drop. by drop until 

all, the withrocytep were lysed., The, mixture was, centrifuged and the 

deposit washed withjferbeuval and Herbeuval's solution,, lt,was then again 

centrifuged, smears were made, of the deposit and stained with Papanicolaou 

and Fontana's method. 

647E of 28 animals with cancer of. different tissues showed 

megakaryocytes or fragments of these cells in blood taken from the heart. 

Only 507. of the normal controls had megakaryocytes in the blood, together 

with other haematopoiatic tissue elements. 
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With the. development of various techniques it is now possible.  

to detect Megakaryocytes in the peripheral blood more frequently than 

before.: These cells have been obaerved in blood samples taken from almost 

every, part of..the body,-with the highest incidence and total count in• 

blood from the azygos. vein (Mewed, 1966), In many cases the-identification 

of.megakaryocytes has. been based on bare nuclei or tell fragments only. 

This is bound to give a false impression of the actual number of cells 

circulating in the blood. The chances of missing solitary nuclear lobes 

are very high, and clumps of lymphocytes may be erroneously identified 

as bare nuclei of.megakaryocytes. There is also the possibility of 

including the bare nuclei of other cells like macrophages or osteoclasts. 

It has been suggested•that there is a diurnal variation in the number of 

circulating megakaryocytes, the peak being in the late afternoon. Major 

surgery and the continuous slow infusion of ACTH also affect the normal 

biology of these cells. The incidence of intact migakaryocytts in the 

blood is markedly greater in neoplastic conditions than in any other' 

disease or in healthy subjects. The incidence is also higher in advanced 

stages of cancer than in the early ones. In disorders of the haemato-

poieticsystem be blood was found to contain both intact cells and.  

fragments. these diseases are mainly neoplastic or anaemlas of the 

laukoerythroblastic type which are said to develop during the terminal 

stage of many neoplastic conditions. 

It is difficult to analyse the results of the various Investi-

gations because blood was taken from different sites and in different 

quantities. Very few statistical analyses have been done of the data 



given by different investigators. The results have been varied and there 

have been discrepancies in the conclusions drawn from them. The only 

Agreement to be found in a general review. lethat a greater number of 

intact megakaryocytes are seen in the blood of cancer patients, with 

increased frequency in advanced cases, and that these cells also appear 

in the blood of patients with various disorders of the haematopoietic 

system, particularly if, their nature is malignant. Various authors have 

noted the ectopic. occurrence of these cells, mainly in the lungs and 

spleen. 

The present study was designed to determine the incidence of 

circulating megakaryocytes in Wistar rats Fithtumoursv and to compare 

this with the incidence seen in normal rats and rats with other diseases. 

Other experiments have been devised to find out what causes and controls 

the migration of megakaryocytes, and to determine the biological effect of 

neoplastic tissues on these cells. 



MATERIALS AND METHODS 

(GENERAL) 



The Animals 

Male; albino, blister strain of Norwegian rats, weighing between 

220 and 320 gms. and bred in the Animal Department of the Royal Post- 

graduate Medical School were used throughout. 

All the animals were kept in the animal quarter, for at least 

2 - 3 weeks before an experiment started, to get them acclimatized to the 

environmental conditions. For storage, 25 - 30 rats were kept in a single 

big cage, but during experiments the animals were kept singly in metal 

cages manufactured by Bowman's (large A9 and B6). The rats were given 

Diet 411, manufactured and supplied by B. Dixon and Sons of Ware, Ltd., 

and water ad lib. 

The temperature and humidity in the animal quarters were kept 

within a constant range, the temperature being between 65°and 72°C, and 

the hunidity between 457. and 50%. 

The albino Norwegian rats are a strain first started in a colony 

at the Wistar Institute of Anatomy and Biology at Baltimore in 1921. This 

particular strain was selected because other workers had found them ideal 

for cancer research. The rats are very resistant to infection. The 

incidence of spontaneous tumour development varies greatly from colony 

to colony with this strain, but in general it is certainly less than with the 

Copenhagen or Albany strains (Earle, 1935). 

The growth rate of transplant tumours is more regular than with 

many other strains. 
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The Tunour (Fig. 2) 

Walker 256 carcinoma tissue has been used for this investigation. 

It was supplied by the Chester-Beatty Research Institute, transplanted 

and maintained in the animal colony of our laboratory. 

The tumour from which this strain has developed was first found 

by Dr. George Walker of Baltimore in 1928, and carried on by successive 

subinoculation in rats. The original tumour developed in the breast of 

a pregnant rat, which flared up after delivery. A histological section 

was examined by Dr. Walker (slide 1004) and Dr. H. G. MeCallam of John 

Hopkins University, and diagnosed as carcinoma. 

These tumours are generally hard,lobulated and smoothly rounded. 

Subcutaneous tumours show a well defined fibrous pseudo-capsule. In the 

case of old or very large tumours this may be incomplete or disrupted, 

1.4hich indicates invasion. 

On macroscopic examination a section of the tumour shows three 

distinct acmes. The peripheral layer forming the pseudo-capsule of the 

tumour is relatively thin. Central to this capsule is a ring of healthy 

growing tumour tissue which is slightly translucent. Its thickness 

varies between 1 and 10 um in different areas of the tumour. The third, 

central area is generally necrotic and not well defined from the second 

layer. 

The capsule consists of collagen fibres and is completely devoid 

of reticulin. Numerous, slender, deeply stained connective tissue cells 
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11111111111  
10 cm. 

FIGURE 2. 

Walker 256 tumour transplanted subcutaneously in the 
right flank of a Wister rat. 
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of fibreblautic.appearance are seen on microscopic examination. Lympho• 

cytic and monocyticinfiltration of the capsule, s uncommon, but a thick 

layer formed by a dense aggregate of small lymphocytes is seen just outside 

the capsule. 

The second layer, the zone othealthy and active tissue, stains 

very deeply with N & E. It consists of larger cells which are, elongated 

or polygonal. The nuclei are large, ovoid or spherical, with coarse 

Chromatin granules and irregular reticulin, and always contain nucleoli. 

These cells are identified as epithelial cells. Another type of cell 

which is less numerous is.associated with the stroma of the tumour. These 

cells are longer than the epithelial cells and have less prominent nucleoli 

due to the absence of chromatin. They are considered to be fibroblast-

like cells. A third type of cell has elongated small nuclei with one or 

two nucleoli, and deeply stained cytoplasm, resembling the fibroblasts. 

Neither the appearance nor the number of these cells suggest the 

sarcomatous nature of the tumour (Earle, 1935). 

Mitotic forms are abundant and are noted at a rate of 2 - 5 per 

oil immersion field. Abnormal mitotic forms, e.g. triploids and irregular 

types, are not infrequent. 

In general, the cytological appearance of the intramuscular 

tumours is similar to that of the subcutaneous tumours. But there are 

certain differences, such as the absence of the capsule, a higher rate of 

growth, and increased thickness of the peripheral part of the growing 



36 

cell ityer, giving,a closer resemblance to Jensen's sarcoma.(Barle, 1935). 

Unlike the subcutaneous. tumours, the intramuscular tumours are.surrounded 

bye layer of lymphocytes and mononuclear cells. They metastasize more . 

frequently and behave like sarcomata. 

Earle (1935) compared the structure: of. the tumour from.Walker's 

laboratory with that from the Carnegie. Institute of Embryology and confirmed 

that histologically they were similar. In our laboratory it has been 

established that the tumourewe received about 3 years ago.from the Chester 

Beatty Research Institute are also similar.. 

Subcutaneous tumours were chosen for our investigations for the 

various reasons discussed above, namely the infrequent metastases, constant 

rate of growth, and the smooth and rounded form.which makes it easier to 

determine the tumour volume. 

Anaesthesia  

All operations were carried out under general anaesthesia, using 

ether and oxygen. Mortality and morbidity as a result of anaesthesia 

were practically nil. 

Originally it had been attempted to anaesthetize the rats with 

a precisely controlled dose of 6% Nembutal in physiological saline, given 

by intraperitoneal injection, as it was felt that this should effectively 

dope the animals. But the method. produced such a high mortality rate 

and a high incidence of pneumonia that it had to be abandoned. 
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Induction of anaesthesia was done'by placing the animals'for 1 a 

minutes' in' apyrex'or perspex chataber containing ether. Then anaes-

thesia was maintained as described above. This technique achieved 

prolonged, quiet and uneventful performances. 

Technique of Mine Blood Samples (Fig. 3) 

For the study of circulating megekaryocytes, 1 ml. of blood was 

collected from the heart by the tranathoracic route (Griffith and Farris, 

1942). The animals were kept under light anaesthesia and placed in the 

supine position on a cork board, with the anaesthesia mask ready to hand 

in case of need. The forelegs were kept apart by the fingers of the left 

hand. The left index finger was used to determine the site of maximal 

cardiac. thrill. 

2 ml. Gillete disposable syringes treated with heparin citrate 

and fitted with size 15 needles were used. The needle was introduced into 

the thoracic cavity through'the selected intercostal' space, directed 

backwards and medially guided by the left index finger. It is often 

possible to locate the exact position of the heart by palpating carefully 

with the edge of the needle. 

Gentle withdrawal of the plunger brought the cardiac blodd into 

the syringe. 1 ml. of blood was always collected over a period of 1 to 

1.5 minutes. 

If the tip of the needle was still within the cardit muscle, 

alight withdrawal followed by careful reintroduction always proved 



FIGURE 3. 

Technique of collecting blood from the rat's heart 
by transthoracic route. 

sv 



successful. 	essential (1) to avoid:multiple Cardiac punctutea during 

any single session, (2) to withdraw the blood gantly,.and (3) to allow 

not less'than.one cinute forthe collection of 1'mf. of blood, to avoid 

the effects of trauma produced by this procedure. The collected blood 

was transferred to a clean universal container containing' 0.1 ml. of 

heparin citrate. It was then gently rotated and shaken for about 2 minutes, 

se the t the heparin was completely mixed with the blood to prevent clotting. 

The Collection of Blood for Platelet Counts  

The blood required for platelet counts was taken from the tail 

veins of the rats. The tail was-Shaved and cleaned with spirit. A'small. 

nickleas made with a scalpel and the blood squeezed out. For successive 

platelet counts the site of the nick was moved from the distal to the 

proximal part of the tail. 

The Technique of Tumour Transplantation (Fig. 4) 

a) Materials 

A. TUmour tissue - a portion of tumour tissue was selected from the 

second layer of the tumour (Fig. 4a and b), carefully avoiding 

necrotic material. blood clots and fibrous tissue. Healthy tumour 

tissue has a pink or pinkish white appearance, is translucent and 

, of soft consistency. 

2. Size 23 scalpel blade.  

3. Assortment of dissecting, forceps 



39a 

4. 1\o or three pairs of Petri dishes 

5. A pyrex pestle and taor tar 

b. Endicott's filter of mesh No. 40, manufactured by Endicott's (Test 
Sieves) Limited, London 

7. Pair of fine pointed scissors 

8. 2 ml. disposable syringes 

9. Size 15 needles 

10. Sterile physiological saline 

11. Counting chamber 

b) ;Method 

A portion of tumour tissue as described above was taken from a rat 

with tumour and pliced in a Petri dish. The tissue was then carefully 

and thoroughly minced with the aid of a scalpel. The minced tissue was 

transferred to a mortar and very gently but thoroughly ground with the 

pestle for 4 - 5 minutes. It was then filtered through the Endicott's 

filter, and 2 - 3 ml. of sterile physiological saline were added to 

make a suspension (Fig.46,40. A counting chamber was used to determine 

the number of cells present. Approximately 5 x 106  to 6 x 106  cells 

were then injected subcutaneously into the right flank of each experi-

mental animal in 4 to 6 ml. of suspension. 

The transplant into other animals was done immediately after the 

suspension was made. Delay at this point causes failure of the tumour 

to grow in a very high percentage of rats. The whole procedure was 
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Low power view of c section of Vialker tumour X 40 
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FIGURE 4c. 

Technique of preparing a monocellular suspension of 
Walker tumour suitable for inoculation and cell count. 



FIGURE 4d. 

Technique of preparing a monocellular suspension o 
Walker tumour suitable for inoculation and cell count. 
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FIGURE 4e. 

Smear of mono cellular suspension of Walker tumour. 
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carried out under surgically sterile conditions. 

The Isolation of Mesparyocvtee  

About 2058 blood samples from the 496 rats used in the experi-

ment were examined. Each consisted of 1 ml. of blood mixed with 50 mg. 

of heparin to prevent clotting. All samples were processed within 2 - 3 

hours of collecting the blood. 

Approximately 100 mg. of carbonyl iron (grade SF, manufactured 

by Antara Chemicals, 435 Hudson Street, Hudson, New York) were added to 

each sample before it was incubated for 30 minutes at 37°C. During 

incubation the containers were placed in a roller mixer. Iron particles 

were phagocytosed by the polymorphonuclear leukocytes (Fig. 5). 

Red cells were lysed by adding 1 ml. of 0.51. brown saponin in 

normal saline and shaking the container. Lysis is complete in 2 - 3 

minutest  which is indicated by the sample becoming transparent. 

Polymorphonuclear cells were removed with the help of a simple 

strong horseshoe magnet (Fig. 6). The remainder of the sample was poured 

into a conical centrifuge tube, centrifuged for 2 minutes at 3.000 r.p.m. 

and the supernatant fluid decanted carefully. 

The deposit in the centrifuge tube was resuspended in 0.2 ml. 

of normal saline. About 2 ml. of 'a fixative'made up of 10% formalin, 10% 

acetic acid and 50% absolute alcohol in distilled water was added to the 

suspension. 
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FICURE 

Unstained smear of blood which shows phagocytosis of iron 

particles by polymorphonuclear leucocyte 
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FIGURE 6. 

Magnetic separation of polymorphs from the lysed blood. 
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. Fixation was complete in about 10Iminutes. At this stage the 

samples were sometimes left overnight for further processing on the 

following day. It was found that no change whatsoever occurred if a 

sample was left in the fixative overnight. 

The magnetic proCess was repeated 2 or 3 times on thefixed 

samples. After this the suspension was filtered through a millipOre 

filter with a pore size of 5 Micron (specific no. SMWPO 190 R, manufactured 

by the Millipore Filter Co., Massachusetts, USA Inc.), using a suction pump. 

Batches of 4 filter membranei were fitted in perspex: membrane 

holders devised in the workshops of the Royal Postgraduate'Medical School 

(Fig. 7). The membrane holders with the membranes weri'placed in formalin 

vapour for 30 seconds and then covered with 5% gelatin to prevent cantars• 

illation between adjacent membranes. 

The membranes were stained in Harris's acid haematoxylin for 

5 minutes and then washed in running tap water for 5 minutes. 'They were 

differentiated in 1% HC1 in 50% alcohol for 10 - 15 seconds and again 

washed in running tap water for 5 • 7 minutes. After placing thea in' 

Scott's tap water substitute for 5 minutes, the membranes were'once more 

washed in tap water for 10 minutes. They were then counter-stained in 

0.57. eosin and dehydrated in three Changes of alcohol, first in 70% 

alcohol, and the last two in absolute alcohol. Finally the membrane* were 

cleared in three changes of xylene, which made them transparent. 

It was found that during the processing multiple ridges had 
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FIGURE 7. 

Technique of filtration and setting millipore filter in 
the holder prior to staining. 
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developed in the membranes, making scanning very difficult. The 

difficulty was removed by placing the membranes between two filter papers 

and pressing with the ball of the thumb. This flattened the membranes 

and made scanning meth easier. 

The membranes were then mounted on 1" x 3" slides in Canada 

balsam under coverslips. Air bubbles were removed by gentle pressure. 

The slides were kept in a warm place, usually in an incubator • at 37°C, for 

about 24 to 48 hours. After this they were ready for microscopic 

examination. 

Scanning was done under low power, and the average time taken 

to scan one slide was 2 • 3 minutes. Intact megakaryocytes and.allccells 

of similar morphology were looked for. 

Deterlination of the Megakaryocyte Count  

Both intact cells (Fig. 13a, b, c) and parts of megakaryocytes 

(Fig. 13d) have been found in the peripheral blood. These cells are 

either oultinuclear or have a single multilobed nucleus. If such cells 

are denuded of their cytoplasm, it is difficult to distinguish them 

from other cells, for all one sees are a bare nucleus or fragments of it. 

A blood sample may contain a number of fragments from one and the same 

nucleus. If each fragment is counted separately, a false impression of 

the actual number of circulatingpegakaryocytes will be obtained. 

Various authors have reported that intact megakaryocytes are more frequently 

seen in the blood of patients with cancer. In the blood of normal 



subjects, only bare nuclei of megakaryocytes were seen by some authors. 

With every technique employed, lymphocytes are included in the field, as 

they are with our technique. It has already been mentioned that a clump 

a 
of lymphocytes uay easily look like the bare nucleus of( megakaryocyte 

(Fig. 10). The biological significance of the bare nuclei has not yet 

been determined. Nuclei of other nucleate haematopoietic elements. 

disintegrate And their nucleic acid content is used in the forwation of 

new nuclear material. 

If the megakaryocyte count in blood taken from normal subjects 

is higher than that found with cancer patients (M4lemed, 1966),this must 

be attributed to fragmentation of these cells. 

In the present study, only intact megakaryocytes were counted 

as "positive" cells. An interpretation of the stability and intactness 

of these cells is given in the chapter on discussion. 

'Determination of the Tumour Volikse  

The tumour volume was determined according to the technique 

described by Mori and his colleagues (1960). The method was one of 

external measurement. The measurements obtained by external palpation 

were consistently in agreement with the results of direct measurement. 

The tumour volume was calculated as fo/1ows: 

Tumour volume .1 sp. x pqr,  
where 	p ts the greatest external diameter 

q • the smallest external diameter 

sr * the height of the tumour 



FIGURE 1. 

Megakaryocyte isolated from peripheral blood 
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FIGURE 9. 

Megakaryocyte isolated from peripheral blood. 



51a 

• 	S 

• 
um. 

.r  

• 
• 

FIGURE 9a 

kegakaryoblast isolated from peripheral blood. 
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FIGURE 10 

A clump of lymphocytes resembling bare nucleus 

of megakaryocyte X 400 
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Vernier callipers were used to obtain the various dimensions. 

In several cases a mean of more than two measurements was taken because 

the tumour was lobulated. 

Preparation of Tissue Homc*anates (Fig. 12) 

Tissue homogenates were prepared in an MSZ (Measuring and 

Scientific Equipment Ltd., London, England) tissue homogenator. This has 

an enamel plated metal stand and a chromium plated pillar fitted with a 

stainless steel impeller shaft with turbine blades. 

The tissue to be homogenised was weighed and placed in a 10 ml. 

vortex beaker. A measured volume of normal saline was added to the 

substance. The beaker was placed in another, larger beaker containing 

ice. Then the tissue in the beaker was brought under the blades which 

were immersed below the saline level and revolved at 6,000 r.p.m. for 2 

minutes. The tissue homogenate thus prepared was drawn up into a syringe 

fitted with a inillipore filter. This was done in the hope that only 

tumour homogenate dintany intact cells would be injected. The filtrate 

was injected in the right flank, the site for tumour transplants. Before 

the injection a amear of the filtrate was taken, for further check-ups. 

Attempts were made to carry out this process under dust free, 

clean and sterile conditions. 

Technique of Platelet Count  

Diluent used for the count* 	3% trisodium citrate 	3G 

1% formalin 	1m1. 

distilled water 	100m1. 
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0.02 ml. of. blood taken from the tail vein was mixed with , Z.ml: of the , 

diluent in a biju bottle and well shaken for 2 to 3.minutes. Then the 

counting chamber was charged and platelets were counted in the 25 small 

central squares. The platelet count was determined as follow's 

Total number of cells counted x 2,000. 
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FIGURE 12. 

Materials used for the preparation of tissue homogenates 

(4) Sterile universal 
container 

(1) 10 ml syringe 

(2) 13 mm diameter millipore filter 
of 54 pore size. 

(3) The Hypodermic Adaptor. 
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EXPERMENTS AND RESULTS 
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Experiment 1  

The Incidence of Circulating Megakarvocytes in TumourAstarilLRats  

and Normal Controls  

Rationale 

A review of the literature shows that there is an association 

between circulating megakaryocytes and neoplastic disease. Most of the 

studies published have been the by-product of investigations on circulating 

cancer cells. No study.has been made so far in a controlled animal 

system. There have been some animal studies, but no possible conclusions 

can be drawn from these, particularly as regards the incidence and 

significance of these cells in subjects with neoplastic tumours. 

An investigation was therefore carried out to determine the 

incidence of circulating megakaryocytes in an experimental tumour system, 

and in a comparable group of normal rats which served as controls. 

Materials and Methods  

40 male Wistar rats were used in this experiment, their average 

weight being 250 gins, (SD + 8.24). They were divided into two groups of 

20 each. 	first group (a) served as controls and were given to treatment. 

The second group (b) received subcutaneous injections of a suspension of 

Walker tumour tissue in the right flank. The skin was shaved and painted 

with a 57. hibitane solution, and the animals were given very light 

anaesthesia, using ether and oxygen. Bach animal in this group received 0.4 to 

0.6 ml. of the suspension of Walker cells. That volume contained 
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approximately 5 - 6 million. cells. The cell suspension was prepared by 

the method described. in the previous chapter. Animals developing 

ulceration were excluded from this study and replaced by others with 

healthy looking tumours. 

The date of inoculation was taken as day 1. Blood samples were 

taken from the rats in both groups on days 0, 7, 14 and 21, to determine 

the incidence of circulating megakaryocytes. 1 ml. of blood was taken 

from each animal on each of those days. The animals ware killedsfter 21 

days and a careful postmortem examination and histological studies were 

made. 

Results 

Only intact megakaryocytes were taken into consideration (Fig. 

13a, b, c) and counted. Bare nuclei (Fig. 13d) and parts of. nuclei were. 

ignored, in accord with the considerations sat out in the previous chapter. 

Apart from the megakaryocytes, various other cells of comparable morphology 

were also noted (Fig. 13e, f, g, h, 1, J), but their numbers were not 

counted. 

In the normal control group (Table 1 and Fig. 14), 5% of the 20 

samples were found to be positive for megakaryocytes on day 0, nil on day 

7, 10% on day 14, and again 10% on day 21. Of the 20 samples taken from 

tumour-bearing rats, none contained megakaryocytes on day 0, 25% on day 7, 

557. on day 14, and 70% on day 21 (Table 2, Fig. 14) 
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FIGURE 13a 

Mature megakaryocyte isolated from blood 
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FIGURE 13b 

Mature meyakaryocyte isolated from blood 
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FIGURE 13c 

Two megakaryocytes in blood 
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F I CA) RE. 13d 

A bare nucleus of megokaryocyte in blood 
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FIGURE 1?e 

A clump of tumour cells in blood 
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FIGURE 1f 

Sinule tumour cell seen in blood 
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FIGURE 13g 

One megakaryocyte and a tumour cell in blood 
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FIGURE 13h 

Clump of bone marrow cells seen in blood 
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FIGURE 181. 

Plasma cell In blood 
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Statistical Analvsis  

Statistical analysis showed no significant difference (at 57. 

level) between the results of days,0 and 7. Butcn diy 14 (P < 0.01) 

and day 21 (P < 0.001) stgnificant differences were'estiblished. If the 

results'of the varioUe'days are taken together,' the difference between 

the tumour and control'grOUps was highly, significant (P < 0.001), the 

incidence being higher in animals with tumours. 

Discussion 

Various authors have. reported the presence of megakaryocytes 

in.  the peripheral blood of cancer patients, and,their results have shown 

considerable variation. There are two obvious reasons for, this discrepancy. 

Most investigators included the bare nuclei of megakaryocytes in their 

counts, and different techniques were used to isolate these cells from the 

blood. The danger of counting the parts of cells has already been 

discussed. 

The results of the test show no significant difference in the 

incidence of megakaryocites in the peripheral blood on'the 7th day after 

inoculation. But a significant difference was found on the 14th day, 

and'this became even more significant on the 21st day. So it may be 

assumed that as the neoplastic proceis advances these cells become more 

evident in the peripheral blood. This agrees with the findings of some 

investigators who state that megskaryocytes are more frequently seen in 

the peripheral blood of patients with advanced cancer thin in early 

cases. The implications of this will be discussed in a later chapter. 
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TAO 1: Incidence of 'circulating megakaryocytes in normal. rats. 

Deq No. of Rats No. of Samples Nature of 
Treatment Incidence 

0 ' 20 20 None 5i 

7 20 20 None 0% 

14 20 20 None 10% 

21 20 20 None 10% 

TABLE 2. 	Effect of transplanted tumour. 

Day No. of Rats No. of Samples 
Nature of
Trea 	t Incidence 

0 20 20 Subcutaneous 0% 
Walker tumour 
transplant. 

7 20 20 25% 

114. 20 20 55% 

21 20 20 70% 
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EXPERIMENT 1 

Effect of transplanted tumour 
GROUP a = NORMAL RATS (0-411 ) 

GROUP b = RATS ¢ TUMOUR(x—x) 

ON 14 DAYS 
X2=7.294 

P=40.01 
ON 21 DAYS 

X2=12-604 
P =4 0.01 

FIGURE 14. 

The incidence of megakaryocytes in Experiment I 

(Table I and Table 2) 
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When the results for each group are combined and compared, the 

difference becomei highly significant. This indicates that the presence 

of a neoplastic tumour could indeed be a cause for the migration' of'' 

megakaryocytes from their anatomic site to the peripheral bleod. 

There has been no_comparative study in in experimental animal 

system. But the findings of this study are to some extant similar to 

those of TrsycoviCh'(1964), who shoaled that, megskaryocytes were found 

in the peripheral blood of 64 of animals with tumours of various histo-

logical character in different anatomic sties. Unfortunately his report 

gives no details of the stage of the disease, and he had no normal 

controls. 



68 

• Rxperiment 2, 

Effect of General Anaesthesia and Laparotomy 

Rationale 

Investigators concerned with the study of basic biological 

problems have been using genera/ anaesthetics as laboratory tool only 

(Wilson, 1902). It has been known for years that volatile anaesthetic. 

may inhibit cell division. Henderson first mentioned this in 1930. The 

mechanism of the effect is still unknown. Recently Bruce et 40..(1966) 

suggested that in the case of halothana an alteration of the structure 

and function of the cytoplasm may be the basis of inhibition of cell 

division. Halothane makes the peripheral cytoplasm rigid. The nature 

of this change is unknown. Bruce et al. observed granulocytopenia after 

general anaesthesia with halothane. In the bone marrow they noted an increase 

in the ratio of dividing to maturing marrow granulocytes. Lassen et al. 

(1956) reported that granulocytopenia and thrombocytopanie developed after 

prolonged application of nitrous oxide, and Kieler et al. (1957) described 

this gas as a "mitotic poison". Granulocytopenia and lymphocytopenia as 

the result of general anaesthesia had been observed as early as 1928 by 

Goldman. Recently Green (1963) reported a decrease in the peripheral 

leukocyte count after general anaesthesia. He also noted gross damage to 

all cellular elements except the megakaryocytes, which were unaffected 

and maintained normal morphology. 

There is sufficient evidence that general anaesthesia does 
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cause changes in the cell count of peripheral blood and also alters.the 

character of the bone marrow. No data are available on the effect of 

ether and oxygen in this respect. As these substances were used in the 

present experiments, it was felt that their effect on the peripheral 

negakaryocyte count should be determined, at least as a:  control study. 

.It has been claimed that surgical trauma causes an increase in 

the number of megakaryocytes in peripheral blood (Numeo.1964). .Thie, 

increase has also been associated with a diurnal variation in the mega-

karyocyte count. There is no definite evidence to suggest surgical trauma 

as the cause of the increase in circulating megakaryocytes. Williams et 

al.(1955) had suggested this possibility after demonstrating a drop in 

the platelet oount and an increase in megakaryocytes in the bone marrow 

following surgical interventions. 

In the course of the present investigation several operative 

procedures have been used. It was, therefore, essential, to determine 

whether simple operative procedures caused any changes in the peripheral 

megskaryocyte count. 

Materials and Methods  

24 male Wistar rats with a mean weight of 267 gms. (SD ± 9.18) 

were used in this experiment. General anaesthesia was given by the method 

described in the previous chapter, using ether. Anaesthesia was maintained 

for 10 minutes before blood was collected for examination. 
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Technique of Laparotony 

The anterior abdominal wall of the.anaesthetized rats.was 

shaved and painted with 5% hibitane.. A. midline .incision was made, :  

starting 1 cm. below the xiphoid process and 3,cm. 	Tha:rectus 

sheath was split. by incision and the peritoneal cavity exposed. After 

palpation of the intra-abdominal structures, catgut.No..1 was used to close 

the peritoneum and suture the.rectus sheath. The, skin,was apposed with 

Mitchel'a,clips and the wound dressed with dry. gauze. The Mitchel's 

clips. were removed after.7 days. . 

Blood for the determination of:circulating megakaryocytes. was 

collected on days 0, 7, 14:and 21, as in the:previous experiment. 

Results 

The rats in this study had been divided into two groups of 12. 

The first group (a) had been given general anaesthesia only and the 

incidence of megakaryocytes in their blood was nil on day 0, 8.3% on day 7, 

8.3% on day 14, and 16.7% on day 21 (Table 3 and Fig. 15). The second 
• (b) 	• 	. 

group/had a laparotomy done under general anaesthesia. Here the incidence 

of circulating megakaryocytes was 8.3% on day 7, 16.7% on day 14 and 16.7% 

on day 21. 

Statistical analysis showed no significant difference between. , 

the results for the two.groups on. orresponding days. Nor was there any 

significant difference when the results of individual days were added up 

and compared. Comparison between the percentage of positives found in 
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TABLE 3. 	4efect of general anaesthesia. 

Day No. of Eats No. of Samples Nature of 
Treatment 

Incidence of 
EWE in blood 

0 12 12 General 
anaesthesia 

ai‘ 

7 12 12 8.3% 

34 12 12 16.7 

21 12 12 16.7; 
I _ 

TABLE 4. 	Effect of laparotorw. 

Day No. of Bats No. of Samples Nature of 
Treatment 

Incidence of 
LIGE in blood 

0 12 12 . 	Laparoton 8.3;) 
7 12 12 8.3riL 

34 12 12 16.7L 

21 12 12 16.7 
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EXPERIMENT 2 

Effect of general anaesthesia + 
laparotomy. 

100- 

GROUP a = GENERAL ANAESTHESIA 

GROUP b= LAPAROTOMY 
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Graphic representation of Tables 3 and 4 
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either of the two groups and control group (a) of ' Experiment 1 also 

failed to reveal any significant difference. 

Discussion 

Different investigators have shown that granulocytopenia, 

lymphocytopenia and thrombocytopenia occur a■ a result of general 

anaesthesia. Nothing has been reported so far on the megakaryocyte count 

in peripheral blood after general anaesthesia. Hume (1964) claimed to have 

observed an increase in circulating megakaryocytes after surgical operations 

in human patients, but she associated the increase with a diurnal variation 

in the number of these cells in the peripheral blood. Apart from a 

suggestion made by Belko (1959), there is no definite evidence that mega-

karyocytes are associated with surgical trauma. 

Circulating megakaryocytes have been stUdied in two groups of,  

rats, one of which had general anaesthesia only, and the other laparotomy 

under general anaesthesia. A comparison of the incidence of these cells 

in the two groups on corresponding days shawed'no significant difference. 

Both groups also failed to show significant differences when compared with 

a normal control group. 'These findings domonstrate'that neither general 

anaesthesia nor surgical trauma affect the incidence of megakaryocytes in 

the peripheral blood. 
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!apartment 3  

The Effect of Non-specific Substances and Granuloma 

Rationale 

There is nothing in the literature to indicate whether the 

subcutaneous injection of bland or irritant substances, or a subcutaneous 

granuloma, produces an increase in the number of circulatinirmegakaryocytes. 

Subcutaneous injections of turpentine produce nasty looking ulcerating 

granulomata. Morphologically these give the impression of a tumour. 

Arachis oil is a bland oil which resembles the tumour suspension without 

its biological activity. Saline acts as a foreign fluid when injected 

subcutaneously. Thus we have three possible physical properties of a 

tumour or tumour cell suspension which may be studied separately. 

Materials and Method  

30 rats with a mean weight of 264 gms. (SD ± 8.73) were divided 

into three groups of ten each. The first group (a) were given a subcu-

taneous injection of 0.2 ml. of turpentine in the right flank. Injections 

were given with a No. 15 needle on the 1st, 3rd, 5th and 9th days. The 

rats in group two (b) were. given arachis oil and those in group three (c) 

saline,' in the same amount and at the same intervals as for group one. 

The skin of the flank vas shaved before giving an injection, and sterile 

ptocedure was maintained as far as possible. 
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Results 

In the first group of rats (a) which had been injected with 

turpentine, none of the blood samples taken on days C and 7 were positive. 

On day 14, 207. of the 10 samples were positive, and on day 21 again 20% 

were positive (Table 5, Fig. 16). 

Group two (b) were injected with arachie oil. On day 0, none 

of the ten blood samples taken were positive. On days 7,14 and 214 10%' 

were positive (Table 6, Fig. 16). 

Group three (c) were injected with saline.' The incidence.  of 

positive samples was as followss on day 0, none; on day 7, 20%; on days 

14 and 21, 10%'of the ten blood samples (Table 7, Fig. 16). 

Statistical Analysis 

Chi square analysis of the results of the three groups on 

corresponding days showed no significant differences. When the results of 

different days were combined and compared, these too showed no significant 

differences. Nor wore significant differences observed on comparing the 

three, experimental groups with the normal control group of rats (Expt. 1, 

Gr. a) 

Discussion  

Various toxins and drugs have been reported to cause changes in 

the peripheral blood cell count. But there is nothing in the literature 

to indicate whether the incidence of circulating megakaryocytes is affected. 

Three substances, turpentine, arachis oil and saline were selected for 
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TABLE 5. 	Effect of turpentine injected subcutaneously. 

Day No. of Rats No. of Samples Nature of 
Treatment 

Incidence Of 
RO: in blood 

0 10 10 Subcutaneous 
injection of 
turpentine 

Cri‘ 

7 10 10 IV 

14 10 10 20;0 

21 10 10 20,V0 

TABLE 6. 	Effect of arachis oil injected subcutaneously. 

Day No. of Bats No. of Samples 
— . 

Nature of 
Treatment 

Incidence of 
MK in blood 

... 

0 10 10 Subcutaneous 
injection of 
arachis oil 

0% 

7 10 10 20;; 

V.I. 10 10 30,14 

21 10 10 1O? 
, , , 



77 

TABLE 7. 	Effect of normal saline injected subcutaneously. 

Day 

......••••••••• •••••••••••••••••••••••••••••••••••• 

No. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
MGR in blood 

0 

7 

1I. 

21 

10 

10 

10 

10 

10 

10 

10 

10 

Subcutaneous 
injection of 
normal saline 

Oii 

10,. 

10, 

3.0i,; 
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reasons given above. The systemic actions of these substances appear to 

have produced dodemonstrable effect 'on the incidence of msgakaryocytes 

in the peripheral blood. So there is no reason to think that the physical 

properties of Walker tumour and tumour cell suspension have any influence 

on the incidence of megakaryocytes in the peripheral blood. 
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EXPERIMENT 3 
Effect of non-specific substances. 

100 

GROUP a =TURPENTINE 
GROUP b = NORMAL SALINE 
GROUP c = ARACHIS OIL 

Days 
a = A6g—Li 
b= a--0 

C = 0--0 

FIGURE 16. 

Graphic representation of Tables 5, 6 and 7 



Experiment 4  

The Effect of ACTH 

Rationale 

The effects of adrenocortocotrophic hormone on blood and on the 

haematopoietic system are well documented. Antopal (1950) noted lymphopenia 

in the peripheral blood and lymphoid hyperplasia after injection of massive 

doses of ACTH. Eosinopenia and lymphopenia after injections of cortisone 

and adrenocorticotrophic hormone were reported by several investigators 

(Hill, 1948; quittner, 1951; Yoffee, 1956). Repeated injections of ACTH 

cause. ea increase in the cellularity of bone marrow (Yoffee, 1967). Only 

the myeloid and erythroid elements were found to be increased, with 

lymphocytes remaining unaffected (Yoffee, 1952). Adrenocorticotrophic 

hormone directly or indirectly stimulates the formation of cells in the 

bone marrow (Hudson, 1952). Zosiuopenia and thrombocytopenia ware 

observed together with increased megakaryocyte activity in the bone marrow 

as a result of surgery and also as a result of single or repeated doses 

of edrenocroticotrophic hormone (Williams, 1961). Unfortunately nothing 

has been reported on the effect of ACTH on the incidence of circulating 

aegakaryocytes. It has been demonstrated that surgical trauma increases 

ACTH activity in the blood (Sayer, 1949). 

Investigations on the, incidence of megakaryocytes in the peripheral 

blood after injections of adrenocorticotrophic hormone therefore seemed 



81 

indicated. It wau also thought necessary to study the owbined effect 

of this hormone and surgical trauma., 

A controlled experiment was planned to compare the effect of 

ACTH with that of a substance of high molecular weight, so that the, real 

effect of ACTH could be elucidated. 

Materials and Methods  

40 rats with an average weight of 257 gms. OD +7.57) were 

divided into four groups of ten each. The first group (a) were given 

subcutaneous injections of 10% W/V gbeamacrodex which contains Dextran 

RMI 10gms., MaC] .9 gm. and water for injection to make up 100 ml. Each 

animal received 0.2 ml. in the right flank on the 1st, 4th, 7th, 10th, 

13th, 16thand 19th days, so that the local concentration of the drug 

was maintained. 

The second group of rats (b) were injected with 5 units of ACTH 

in the right flank on the 1st, 4th, 7th, 10th, 13th, 16th and 19th days. 

The repeated injections served to maintain a high local and systemic level. 

The rats in group three (c) bad a laparotomy done on the let 

day and were given the same Rheomacrodex injections as group (a). 

Group four (d) also had a laparotomy done on the 1st day and 

received the same Amu injections as group (b). The technique of laparor 

tomy. was exactly the same as described for the earlier experiment. 

Blood was taken from the heart on day 0 7, 14 and 21, and 

examined for megakaryocytes.. 
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Results 

In the first group of rats (a), who had been given subcutaneous 

injections of Rheomacrodex, 0% of the 10 blood samples were positive on 

days 0, 7, 14 and 21 (Table 8, Fig. 17). In group two.(b) who had received 

subcutaneous injections of ACTH, 0% of the 10 blood samples were positive 

on days 0 and 7, 10% on days 14 and 21 (Table 9, Fig. 17). 

In group three (c), 1aparoto©y and Rheomacrodex, the results 

were 0% on day 0, 307. on day 7, 207% on day 14 and 201. on day 21 (Table 10, 

Fig. 17). In the fourth group (4), laparotomy► and ACTH, 0% of the ten 

blood samples were positive on day 0 and 20% on day 7, and days 14 and 21 

had 30% and 10% positive respectively (Table 11, Fig. 17). 

Statistical Amstrads  

The combined results of the different days were statistically 

analysed. Ito significant differences were found between any two groups. 

Comparison of the results of each group with the normal control group also 

revealed no significant differences. 

Discussion 

Other workers have observed that after ACTH therapy or surgical 

operations the thrombocyte count in the blood goes down and the mega-

karyocyte count in the bone marrow goes up. The results of the above 

experiment indicate that no significant change occurs in the incidence 
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TABLE 8. 	_Vfect of Rheomacrodex. 

Day No. of Rats No. of Samples Nature of 
Treatment 

Incidence 

0 10 10 Subcutaneous 0% 
Rheomacrodex 

7 10 10 Oig 

14. 10 10 20% 

21 10 10 20% 

TABLE 9. 	alfeot of Adren000rtiootrophic hormone. 

Day No. of Rata No. of Samples Nature of 
Treatment 

Incidence 

0 10 10 Subcutaneous 
injection of 

0% 

ACTH 

7 10 10 10% 

14. 10 10 10 

21 10 10 
_ 	 _ 0% 
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TABLE 10. 	Effect of Laparotomy and Rheomacrodem. 

Day No. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
I= in blood 

0 10 10 Laparotomy 
and. 

0% 

Rheanaorodex 

7 10 10 30A; 

14. 10 10 20% 

21 10 10 20% 

TABLE 11. 	Effect of Laparotoc and Adrenocorticotrophic hormone. 

Day No. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
NM in blood 

0 10 10 Laparotomy 
and ACTH 

0% 

7 10 10 201; 

14 10 10 30% 

21 i 	10 10 
1 

10% 
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Of circulating megakaryocytes after the administration of ACTH, either 

alone or in combination with surgical operation. It. is therefore obvious 

that ACTH:on its own doeinOt effect the megakaryocyte level in the blood. 

Combining our resulti with thole of others it'may be assumed that the 

incidence of circulating megikariocytes is not related to thrambocytopenic 

conditioni of the blood or to an increased megakaryocyte count in the 

bone marrow. It has been suggested that the megakaryocYte count is 

controlled by a feed back mechanism of the,blood platelet level (Prizivoit, 

1964). Detailed data on the relation between the blood platelet level 

and the incidence of circulating megakaryocytes are given in a later 

chapter. 



7 	19 21 

GROUP a = RHEOMACRODEX 
GROUP b = ACTH 

GROUP c = LAPAROTOMY +RHEOMACRODEX 

GROUP d = LAPAROTOMY + ACTH 

0 
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EXPERIMENT 4 
Effect of surgery, ACTH and macro— 

molecular substances. 

Days after treatment 
a 
b X—X 
c = 0-0 
d 

FIGURE 17. 

Graphic representation of Tables 8 , 9 , 10 and 11. 
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Experiment 5  

The Effect of Excising the Tumour 

Rationale 

Several investigators have reported that in patients with 

cancer the incidence of circulating megakaryocytes, particularly intact 

ones, is intreased. This has already been discusied in the historical 

review given in the first chapter.' Experimental evidence from aniMal 

studies so far has been inadequate. In the present study, the first 

group of experiments have already shown that the incidence of circulating 

megakaryocytes is significantly increased in animals with tumours. Various 

other control experiments have revealed that the deviations observed in 

the control groups were of no significance. 

As it appeared that the significant increase in the incidence 

of circulating megakaryocytes was related to the presence of the tumour, 

it was decided to observe the changes that occur after excision of the 

tumour. 

Materials and Methods  

44 male rats were divided into three groups. Group one (5a) 

consisted of 12 normal rats, and a sialple skin excision was made in the 

flank of each. Group two consisted of 20 rats (5b) with inoculation 

tumours which were later re.noved completely. Croup three (5c) consisted 

of 12 rats only. These were given tumour inoculations and later part of 
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the tumour was excised. The mean weight of these rats was 293.30 Bras. 

(SD + 9.58). 

The teChni,ue of tumour inoculation was the same as in the 

previous experiments. It had then been found that about 14 days after 

the tumour transplantation circulating uiegakaryocytes would be found in 

approximately 501. of the samples. It was decided,. therefore,. to grow the 

tumours for 14 days and then excise them either completely or incompletely. 

TeChnique of Skin Excision  

The rats were anaesthetized and the skin was painted with 51k 

hibitane. A spindle shaped piece of skin, 3 cm. by 2 cm., was removed 

together with the subcutaneous tissue. The wound margins were apposed 

in two layers, as in the other two groups. Michel's clips and a light 

sterild dressing were applied and removed on the 7th day. 

In group one (5a) which bad only had the skin excision, blood 

was drawn on days 0, 7, 15. 21 and 28. In group two (5b) with total 

excision of the tumour, blood was taken on days 0, 7, 14, 21, 28 and 50, 

and in group three (5c) with partial excision, on days 0, 7, 14, 21 and 28. 

In the group with partial excision all the rats died shortly after the 

28th day, so that further follow-up became impossible. 

Techni Exc hiur 

The animals were given general anaesthesia. The skin over the 

tumour and in the surrounding area was shaved with electric clippers. 
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Great. care was taken _a avoid handling the tumour more than necessary and 

to avoid traumatizing the local skin. 

The operation was performed under completely sterile. conditions. 

The tumour was excised together with a 1 cm. margin of healthy skin. .The 

whole thickness of subcutaneous tissues was removed with the tumour, ,  

leaving a clean fascial base. Bleeding points were clamped and ligated: 

The wound margins were apposed and closed in two layers, first the 

subcutaneous layer and then the skin. Good apposition was achieved without 

difficulty, because the skin of rats is very loose. Michel's clips were 

used to hold the skin together, and the wound was covered with clean 

gauze and a small piece of elastoplast. This dressing and the Hichel's 

clips were removed on the 7th day. 

Partial Excision of the Tumour 

The technique used for partial removal of the tumour was 

essentially the same as that of total excision. The tumour was dissected 

out, keeping its blood supply intact. The so-called, capsule of the 

tumour was incised beforehand. Then approximately two thirds of the 

tumour uerf/renoved and the capsule was sutured. Closure of the wound 

and dressings were as for total excision. 

Results 

Group one (5a) consisted of normal rats who had had a skin 

excision only. On day.•0 none of the 12 blood samples were positive for 



89a 

megakaryocytes. On day 7, 8.3% and on day 14, 16.7% of the 12 samples were 

positive; on day 21, 25% of 12 samples and on'day 28, 16.7% of 12, samples 

were positive (Table 12, Fig. 18). 

. .Croup two (3b) had had the total tumour removed. On day O. the 

tumours were 15 days old and the average volume was 4.818 cc (SD ± 1.102). 

60% of the 20 blood samples taken on day 0 wers,positive for megskaryocytes. 

On day 7, i.e. 7 days after complete excision of the tumour, 70% of the 

20 samples taken were positive. On day 14, 45% of 20 samples were positive, 

on day 21, 26.3% of 19 samples, and on day 28, 33.3% of.19 samples. The 

rats were kept alive until the 50th day, when the last sample was drawn. 

On day 50, 27.8% of 18 samples were positive. (Table.13, rig. 18). 
A careful postmortem examination of every rat was done and 

suspected tissues were examined for possible metastases. In fact, two 

rats died before the 50th day and both had lung metastases (Fig. 19). 

One of them had also a local recurrence at the site of excision. 

Group three (5c) consisted of 12 rats with partial excision 

of the tumour. On day 0, the tumours were 15 days old, with an average 

volume of 4.846 (SD+ .921). On day 0, 58.3% of 12 blood samples were 

positive for megakaryocytes.On day 7, i.e. 7 days after partial excision 

of the tumour*  50% of the 12 samples were positive; on day. 14, 58.3% of 

12 samples; on day 21, 66.7% of 12 samples, and on day 28, 87.5% of 8 

samples. By the 28th day, 4 of the 12 rats had died and all the rats 

were dead by the 35th day (Table 14, Fig. 18). 
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Careful postmortem examinations and histological studies were 

done on these rats. T:.0 of the 12 also had lung metastases. The rest • 

died because of the huge local tumour. 

Statistical Analysis, 

In group two 150 with complete excision of the tumour, comparison 

of the results of individual days after excision With those of day 0 

showed no significant differences on days 7, 14 and 28. But a significant 

difference at 10% level was found on days 21 and 50. .0n day 21, X2.  3.230 

'and on day 50, x2 	2.706. 

Similar comparisons in group three, with partial excision, and 

'group one, normal rats with skin excision, showed no significant differences 

between the results obtained before and after the operation. 

When the results of the group with complete tumour excision 

were compared with those of the group with skin excision, significant 

differences were seen on days'0(? < 0.01) and 7 (P < 0.01). The other 

days 1,ere not siOificant. 

Comparison of the results for the group with partial excision 

of the tumour and the group with skin excision showed a significant 

difference on day 0 (P < 0.01), no significant difference on days 7, 14 

and 21, and again a significant difference on day 28 (P < 0.01). 

When the results of complete excision here corapared with those 

of partial excision, no significant differences were seen on days 0, 7 
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TABLE 12. 	Effect of excision of skin. 

Day no. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
YGIC in blood 

0 12 12 None 0% 

7 12 12 Excision 
of akin 

13.3% 

14. 12 12 16.7i4 

21 12 12 25% 

28 12 12 16.7%  
=.1....••••••••. 
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TABLE 13. 	Effect of complete excision of tumour. 

Day No. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
?GK in blood 

0 20 20 None EVA 

7 20 20 Complete 
excision 

of tumour 

70% 

]Jr. 20 20 45% 

21 19 , 19 26.3$ 

28 19 19 33.3% 

50 18 18 27.8/, 
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TABLE 14. 	Effect of partial excision of tumcur. 

Day No. of Rats 
r 

' 	No. of Samples Nature of 
Treatment , 

Incidence of 
EGK in blood 

m 

0 12 12 None — tumour 
transplanted 

58.3;4  

19 days ago 

7 12 12 Partial 
excision 

of tumour 

50% 

14 12 12 58.3 

21 12 12 66.7% 

28 8 8 

1 

87.5% 
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EXPERIMENT 5 

Effect of excision of tumour 
100 

8 O 0  co 
-a 
E 
51, 60 
co 
.-; 
'671 40 
eL 
4.- ei 
O 20 . 

0 

0-0 GROUP a = EXCISION OF SKIN. 
40-0 GROUP b = COMPLETE EXCISION OF TUMOUR 
0-0 GROUP c = PARTIAL EXCISION OF TUMOUR. 

7 	14 	21 	28 	50 
Days after treatment 

GROUP b V GROUP a (EXPT 1 ) 
'0' DAY )/2  =11.396 	P <0.001 
21 DAY = NO SIGNIFICANT DIFFERENCE 

GROUP c V GROUP a ( EXPT 1) 
'7' DAY 702= 9 .244 P< 0.01 

FIGURE 18. 

Graphic representation of Tables 12, 13 and 14. 
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FIGURE 19. 

Secondary deposit of Walker tumour from subcutaneous 

transplant in rat's lung. 
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and 14. But the results of days 21 (P < 0.05) and 23 iP < 0.05) were 

significantly different, the csmplete excision group being lower. • 

Comparison:of the results of complete excision with those of 

the normal control group (a) of Experiment 1 gave significant differences 

on day 0 (P < 0.03) and day 7 (P < 0.05), but none on the later days: 

Discussion  

Several authors have reported an increase in circulating mega-

karyocytes in association with advanced carcinoma. Recently Malmgren et 

al. (1966) have described theeffect of chemotherapy and irradiation on the 

'incidence of circulating megakaryecytes in cancer patients. Nothing has 

bden reported so far on the incidence of circulating megakaryocytes after 

surgical excision of the tumour. 

In this experiment, the animals ware divided in three groups. 

Those in group (a) had a skin excision only. In group (b) an inoculation 

tumour. was completely remowd, and in group (c) the tulaour was.pzrtly 

raaoved. 

In the complete excision group, repeated megakaryocyte counts 

at regular intervals showed a steady decrease in the incidence: of these 

cells. An initial rise 7 days after excision of the tumour way be' 

attributed to other factors apart from any remaining tumour activity, 
the 

among them/added effect of surgical trauma and changes due to general ' 

anaesthesia. The tumour may have been producing an effect which regulated 



tiegakaryocyte circulation, and this :night have continued for some time 

after 'die Lumourvas xcAoved. Or I:: may be 'diet the changes occuring in 

the aaaLouical sites of megakaryocyte production take some time to return 

to the normal once the influence of the tumour and itspioduets'is removed. 

iater excision or the tumour the incidence of circulating mega-

karyocytes decreases slowly but steadily. In animals where the whole 

tumour had been removed the decrease became significant 21 days after 

excision of the tumour. The same result was obtained 50 days after the 

operation. On both these days the difference was significant at the level 

of lOper.cent. 

In the case of the animals which had had partial excision of the 

tumour, the incidence of circulating megakaryocytes showed no significant 

changes on any day after the operation when compared to that before 

operation. The tumour continued to grow at the usual rate and all the 

animals had died by the 35th day after partial excision. In fact, on the 

7th day after the operation the incidence of circulating megakaryocytes 

dropped from 58% to 50%. This was no significant reduction, but there is 

some indication that the tumour volume is to some degree related to the 

incidence of circulating megakaryocytes. This relation may not be a 

straightforward one. 

On postmortem examination, lung metastases were found (Fig. 19) 

in two animals of the group which had had complete excision, and one of 

these two also had a local recurrence of the tumour. In the group with 



partial excision, again two had lung uecastases, and in both these cases 

tiro survival tLie was shorter ,han for the rest of the group. There was 

no evidence of hone metastases, though it has beau suggested that any 

condition which involves the bone Lmrrow and causes softening (Minot, 

1922, 1923) way cause wegakaryocytes to enter the circulating blood. 

It is apparent that it takes longer for the incidence of 

circulating megakaryocytes to go down after excision of the tumour than 

it took for it to increase during tumour growth. The volume of the tumour 

appears to show a direct relation to the incidence of megakaryocytes, but 

it would See4• that other factors are also involved, which are initiated 

by the presence of the tumour. 
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Rxeoriment  

The IffectetTumour and Other Tissue Homogenates  

Rationale 

In 1948 Nakahara and Fakuoka isolated a substance from tumour 

tissue which caused a decrease in liver cartels*e activity when injected 

into normal animals. This finding was soon confirmed by others (Green-

field and Miester, 1951; Kwamorita, Koine and Kikawa, 1951; Okushima, 

1952). This active principle of tumour tissue was named toxohormone. It 

was thought to be common to all tumour tissue (Nixon, 1966). However, 

Green-Field (1951) found that toxohormone can also be isolated to a 

limited extent from normal tissue. This lowers the liver catalase activity 

to a limited degree (Kempschmidt et al., 1959 and 1960). Kempschmidt 

and his colleagues recorded various effects due to toxohormone. They 

suggested that it may cause involution of the thymus, lower the plasma 
producing 

iron level,/anaemia, reduce the kidney catalase activity and increase 

the weight of the liver, spleen and adrenals. In their opinion the 

depression of the plasma iron level was a more sensitive index than the 

reduction of liver catalase activity. 

Bacteria and bacterial extracts produce effects very similar to 

those caused by toxohormone, such as a reduction in liver catalase 

activity and in plasma iron (Kempschmidt, Schulte, McKinzie, 1962). In 

the case of tumours contaminated with bacteria it is possible that those 

•,4 
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two factors, the toxohormone and the bacterial factor, might be additive. 

The striking changes in liver catalase activity and plasma iron observed 

by Kempschmidt et al.(1963a, 1963b) with bacteria contaminated tumours 

might therefore be attributed to an additive effect. 

Natsuoka et al. (1964) have shown recently that' a toxohormone 

prepared from a fibrosarcoma free from. bacterial contamination produced 

a marked depression. of liver catalase activity in'vivoi Nixon (1966) 

found that toxobormone from uncontaminated tumour tissue showed significantly 

higher activity than toxohormone from' contaminated tumours. This might 

signify that bacterial contamination antagonises the activity of tom.,  

hormone from'tumour tissue. Nixon used a Walker 256 carcinosarcoma, where 

repeated cultures from tumour tissue had shown no bacterial growth. The 

toxobormone prepared from this bacteria-free tumour tissue showed 

consistently similar results. 

Extracts of bacteria-free normal kidney andsplenic tissue were 

also found.to depress the serum iron level in mice (Nixon, 1966).; Nixon 

established that normal kidney and splenic tissue has a protein content 

comparable to that of many tumour extracts, whoreasliver and muscle 

extracts yield a much lower protein concentration. In his opinion the 

activity resides in a heterogenous group of the protein-like moiety. 

Apart from this toxohormone activity, the current medical 

literature gives considerable support to , the suggestion that some malignant 

tumours may actively secrete a hormone-like substance with biological' 
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activity similar to that of some known endocrine gland. Oat-cell 

carcinoma has on many occasions been reported to produce Cushing's 

syndrome with nothing to indicate involvement of the suprarenal gland 

(Bstridge et al., 1965; Golub, 1964). 

No report is available on the effect of these tumours on. the' 

bone marrow, particularly in relation to megakaryocytes at that.sitwor 

in circulation. .Very recently Catayee and Bicehieray (1966) demonstrated 

an increase in the number of megakaryocytes in the splenic pulp and inside 

the vascular lumen after injecting animals with tumour extract. This. 

increase resembles that found.in animals with tumours. 

. This study,therefore, has been designed to determine the. 

effect produced by tumour and other tissue homogenates on the megikaryo - 

cyto count. 

Materials and Methods  

65 male rats with an average weight of 296.40 gms. (SD ± 11.79) 

were used for this experiment. Group one (6a) consisted of 20 rats. 

These were given injections of 0.2 ml. of Walker 256 carcinoma tissue 

homogenate in the right flank on the 1st, 3rd, 5th, 7th, 9th, 11th, 13th, 

15th, 17th and 19th day. 

Group two (6b) consisted of 15 rats. These received subcutaneous 

injections of 0.2 ml. of muscle homogenate at the same site and in the 

same frequency as group one. The muscle tissue for the homogenate was 

obtained from a normal isogonic rat of the same weight as the mean weight 
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of the group. 

15 rats formed group three (6c). They were given injections at 

the same site and in the same frequency, of'0.2 ml. of a. liver homogenate. 

The liver tissue was obtained from an isogenic rat of approximately the 

same weight as the rats im'this group. 

Group'four (6d) also consisted of 15 rats, who were given 0.2 ml. 

of spleen homogenate in the right flank. The frequency of the injections 

was the•same•as for group one. The splenic tissue for the homogenate was 

obtained from an isogenic: rat of approximately the same•weight.as the 

average for this group. 

The technique of tissue homogenate preparation has'been described 

in a previous chapter. Before injecting the homogenatep.a smear was made 

and•wet stained with 0.5% methyl blue to make sure that it contained no 

intact cells. The whole procedure was carried out under sterile conditions. 

Blood was collected from the•rats on day 0, 7, 14 and 21. 

Results 

In group one (6a), injected,  with Walker tumour homogenate, none 

of the 20 blood samples taken on day 0 were positive for megakaryocytes. 

On day 7, 20% were•positive, 40% on day 14, and 50% on day 21. (Table 15, 

Fig. 20). 

In group two (6b), injected with muscle homogenate, none of the 

15 samples were positive on day 0, 26.7% on day 7 and again on day 14, 

and 13.3% on day 21 (Table 16, Pig. 20).• 
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Iniroup three (6c), injected with liver homogenate, again 

none were positive on day O. On day 7, 26.7% of the 154amples:were: 

positive, an days 14. and 21. likewise 26.7% (Table.17, Fig. 20). 

In group four (6d), injectedlwith splenic tissue homogenate, 

none of the 15 samples were positive on day 0, 13.3% on day 7, 20% on,  

day 14 and 26.7%,on day 21 (Table 18, Pig.20).c 

Statistical Analysis  

Statistically, no significant difference could be established 

when any two groups were compared. 

Comparison of the first group, injected with tumour homogenate, 

with the normal control group (a) of Experiment 1 showed no significant 

differences on days 0, 7 and 14. tut the results of day 21 appear to be 

significantly different (P < 0.02), with the higher incidence in the 

tumour homogenate group. 

Comparison of the second, third and fourth groups with the 

control group (le) revealed no significant differences. 

Again, when the results of different days in the tumour homo-

genate group were compared with those of group ('b) of Experiment 1, that 

is the group of rats:with Walker tumour, no significant difference was 

found. , 

When the resultant different days were combined and compared. 

between two groups, a significant difference was observed between the . 

group of rats injected with Welker tissue homogenate (6a) and the normal 

control group (1a) (P < 0.001), and also between the group given liver 
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TABLE 15. 	Effect of Walker tumour homogenate. 

Day No. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
MGK in blood 

0 20 20 Subcutaneous 
injection of 

Cri, 

Walker tumour 
homogenate 

7 20 20 241 

14. 20 20 401; 

21 20 20 50% 

TABLE 16. 	Effect of muscle tumour homogenate. 

Day No. of Hats No. of Samples Nature of 
Treatment 

Incidence of 
Malt in blood 

0 15 15 Subcutaneous 
injection of 
muscle tissue 
homogenate 

(YA 

7 15 15 26.7 
14. 15 15 26.7 

21 15 15 13.3% 
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ALa; 17. 	"Affect of liver homoTmate. 

Dag Jo. of Rate No. of 'jamplec Eature of 
Treatment 

Incidence of 
MK in 
Blood 

0 15 15 Subcataneoue 
injection of 
liver 
homozenate 

0;J 

7 15 15 26.7;,  

14 15 15 26.7 

21 15 15 26.7/,  

TAB LC 10. 	_Tract of oplonic tissue hono3enate. 

D4Y ro. of 1'tat3 ITo of Z=mleo 
rature of 
Treatnent:IGK 

Incidence of 
in 

Blood 

0 15 15 Subcutaneous 
injection of 

0,; 

°picnic ticcue 
homogenate . . 

7 15 15 13.3 

14 15 15 20,  

21 '15 15 26.7;? 
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Experiment 6 

Effect of tissue homogenate 
100 

80 

60 

40 
4.- 0 

20 

GROUP a= WALKER TUMOUR 
TISSUE HOMOGENATE. 

GROUP b= RAT MUSCLE HOMOGENATE. 

GROUP c = 	LIVER 
GROUP d 	SPLEEN 

po
sit

iv
e  s

am
pl

es
  

7 	14 
	

21 

Days after treatment 
GROUP a V GROUP a ( EX PT. 1 ) 

X2  = 11.406 P= < 0.001 
GROUP c V GROUP a ( EX P T. 1 ) 

2( 2  = 4.885 	P < 0.05 

FIGURE 20. 

Graphic representation of Tables 15, 16, 17 and 18. 
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homogenate, injections and the. normal control group (1a) (P A 05).1 

Discussion 

The recent observations by Catayee and Siechieray (1966) on 

the effect of tumour extracts on megakaryocytes have been of considerable 

interest. They observed that both tumour and tumour extract increase the 

number of megakaryocytes in the spicule pulp and the vascular lumen of 

the spleen to a considerable extent, whereas adrenocorticotrophic hormone 

failed to produce such as effect. This study has established that 

subcutaneous injections of a tumour homogenate cause a significant rise in 

the incidence of circulating megakaryocytes. It is most likely that 	, 

megakaryocytes have migrated from that site to the blood and other tissues. 

The observations made in .this experiment therefore fit in very: 

wall with those of Catayee. 

Nixon (1956) observed that injections of tumourextract, normal 

kidney and splenic extract have a similar effect on the serum iron level. 

It. appears that these tissues contain a common factor. Could this be a 

product of the mitotic cells/ The number of mitotic cells is much. higher 

in tumour tissue than in any normal tissue. Nixon. also demonstrated that 

tumour tissue extract depresses serum iron protein to a greater extent 

than kidney and splenic extracts do. In the present study, no significant 

difference was observed in the incidence of circulating megakaryocytes 

when groups injected with muscle and splenic homogenate respectively 

were compared with the normal control group (141). But comparison of a 
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group injected with liver homogenate with. the normal.control groupi(la) 

did show a significant difference (P < 0.05). All the experimental groups 

showed a slight increase in circulating megskaryocytes,, but this was not 

statistically significant. .It would be interesting to. follow up the 

group of animals injected with normal tissue homogenate for a, much longer 

period. The significance was much lower with. liver homogenate than for 

the group with tumour homogenate. Perhaps the active principle in question 

is contained in the rat liver rather than the spleen. 

The results. of this study justify the statement that the Walker 

tumour contains some substance which induces megakaryocytes to migrate 

from the bone marrow or reduces the fragility of these cells. It is 

possible that the tumour shares the same active principle with the liver 

of the rat, which produces a similar effect. 
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RXneriMent 7  

The Suprarenal- Oland* and Cortisone and Their Influence on the  

Mteakarvocvte Count  

Rationale 

The previous experiments have established 'that the malignant 

tumour directly influences the incidence.of circulating megakaryocytes 

in the rat. This effectmay be produced directly by the tumourv or 

indirectly by some other agents which are influenced by the tumour. One 

factor which may well be involved in this phenomenon is the stress 

produced by the tumour (Ramsdahl et al., 1964). It is known that two 

very important endocrine glands are responsible for the reaction of the 

body to any external or internal stress. These are the pituitary gland 

and the suprarenal glands. Minot (1922, 1923) suggested that the 

migration of megakaryocytes from the bone marrow to the blood suggests 

a considerable strain on the bone marrow. If this is true, it will be 

worth investigating whether this effect is mediated through the pituitary 

and suprarenal glands. 

Recently Smith (1967) produced benign and malignant tumours in 

rats by injecting DM3A (9 -10-Dimethy1-1, 2-Benzanthracene). Smith claimed 

that he found significantly heavier pituitary glands in the group of rats 

with benign tumours than in those with malignant tumours. At the same 

time the ovaries were significantly smaller in the rats with benign 

tumours. The adrenals were also weighed, but no significant variation 
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was observed. 

The fact that the pituitary and suprarenal glands respond to 

stress is well establiihed (Selye, Johnston, 1946). Sayer and Sayer 

(1949) classified the reactions to stress in four categories. It is 

probably the third of Sayer's categories which is encountered in malignant 

neoplasia, with hypertrophy of.the suprarenal glands,.and very low levels 

of sudanophilic substance, cholesterol. and ascorbic 'acid in these glands. 

, The effect of cortisone and adrenocorticotrophic, hormone. on 

the blood and bone marrow.has been studied. by various investigators. In 

mice, massive doses of cortisone produced lymphoid hyperplasia and 

lymphopenia in the peripheral blood (Antopol,.1950). A decrease in 

eosinophils and lymphocytes was also noted by Hill (1948), Quittner 

(1951) and Toffee (1967). Witmer studied the effect,  of cortisone on 

cellular proliferation in the bone marrow and was unable to demonstrate 

any inhibitory action. Toffee (1935) demonstrated increased cellularity 

in the bons marrow after repeated injections of ACTH. He found that the 

myeloid and erythroid elements in the bone marrow increased, but the,  

lymphoid elements remained unaffected. ACTH may directly or indirectly 

stimulate the formation of new cells in the bone marrow (Hudson, 1952). 

Rosinopenla and thrombocytopenia together with increased 

megakaryocyte activity in bone marrow were observed by William,. Seiko 

and Warren (1955, 1967) after surgical operations, single or repeated 

doses of ACTH. Unfortunately no data are available on the effect of ACTH 

and cortisone on the incidence of circulating megakaryocytes. 
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In view of the fact that adrenocorticotrophic hormone and cortisone 

control' some cell elements in the blood and bone marrow under certain 

physiologiCal conditions, it was decided to. study the effects. of 

adrenalectomy and injections of. cortisone on thivincidence of circulating 

pegakaryocytes under normal and pathological conditions. 

Materials and Methods  

92 rats with a mean weight of 292 gma. (SD+ 11.71) were used 

in this experiment. They were divided into five groups. 

Group one (7a) consisted of 12 rats. These had a bilateral 

adrenalectomy and the first blood sample was taken about 14 days after 

the operation, the day.of the first collection counting as day 0. After 

that blood was collected on days 7, 14 and 21. 

In group two (7b) a bilateral adrenalectomy was done on 20 rats. 

13 days after the operation they received a tumour transplant, and the 

day of the transplant counted as day 1. Blood was collected on days 0, 

7, 14 and 21. 

The third group (7c) also consisted of 20 animals. These had 

a bilateral adrenalectomy and 15 days later a tumour transplant. In 

addition they were given 1 microgram of cortisone intraperitoneally on 

alternate days from the day after the tumour transplant until the 21st 

day. (The cortisyl was supplied by Roussel, London, England). The day 

of the tumour transplant was taken as day 1. Blood was collected from 

the heart on days 0, 7, 14 and 21, and examined for megakaryocytes. 
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Techhiaue of Adrenalectomv  

'The rateWeie anaesthetised on thi same gaieral'Oridcige as 
. 

folloved throughoUt this'stUdy:. They were pleied in the prone position 

and the akin of the'beekirai ihaved 'and painted with Whibitani. 'A 

single midline incilion was MadwelOng the' spins 'of the vertebral column 

from the 10th thoracic to the 3rd lgabar vertebra. This correspOnde. to 

the level of the kidney. The skin was retracted on-the right side to .  

expose the right paravertebraI muscles and the'back of the abdominal 

pathetic, on that side. ,A longitudinal incision was bade'in the !social 

covering'of the muscle, parallel to and about 1 Cm. distant from the spine. 

A further incision was made along the lateral border of the dorsal muscles 

and the kidney exposed. Full attention was paid to haemostasis. The 

adrenal gland was identified at or near the upper'pole of the kidney. In 

most' cases it is found to be separate from the kidney itself.  The gland 

was freed from the' surrounding fattytissue, its blOOd'vessels were 

clamped, ligated and divided, and the gland complete with its capsule was 

excised. 

The second adrenal gland on the other side vas removed in the 

same manner. During exploration a search was made for accessory adrenal 

tissue, but this was never found to be present. The incision in the 

muscle was closed with catgut No. 1, using an atraumatic needle. The 

subcutaneous layer was sutured in the same way. The akin was apposed 

and held together with Michels clips, the wound dressed with clean gauze 
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and strapped with leucoplast. The dressing and clips were removed after 

the 7th day. 

All adrenalectomized rats were given saline to drink. In 

most cases they were given normal saline until they died or were killed 

at the end of the experiment, 

!exults  

In the first group (7a) of 12 rats with bilateral adrenalectomy, 

none of the 12 blood samples taken on day 0 were positive for megakaryocytes. 

On days 7, 14 and 21, 8.3% of the 12 samples were positive (Table 19, Fig.21) 

Group two (7b) consisted of adrenalectomized rats who wore 

later given a tumour transplant. In this group, 5% of the 20 samples 

were•positive on day 0, 20% on day 7, 357. on day 14, and 60% on day 21 

(Table 20, Fig. 21). 

The 20 rats in group three (7c) bad beea•adrenalectomised and 

later given a Welker tumour transplant. In addition they received 

injections•of cortisone. Out'of 20 samples. 5% were positive on day 0, 

35% on day 7, 50% 'on day 14, and 65% on day 21 (Table 21, Fig. 21). 

Group four (7d) consisted of 20 rats who bad had a bilateral 

adrenalectomy and later were given injections of Walker tumour homogenate. 

In this group, none of the 20 samples were positive on day O. On day 7, 

207. of the 20 samples were positive, on day 14, 30% and on day 21, 55% 

(Table 22, Fig. 21). 
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TABLE 19. 	Fffoot of bilateral adrenaleotaay. 

Day NO. of Rata NO. of Samules 
Naturo of 
Treatment 

Inoidenco of 
!MK in 
Blood 

0 12 12 Bilatoral 
adrenaloctoPy 

f:::0 

7 12 12 	. 0.371 

14 12 12 0.3;, 

21 12 12 0.3;; 

TABLE 20. 	Effoct of adronslectomy and Walker tuaour 
transplanted subcutaneously. 

Day No.' of Rats No. of Samples nature of 
Treatment 

• 

Inoidonoo of 
n0K in 
Blood 

0 20 20 Adronaleotopy+ 5`;) 
subcutaneous 
tur-our transnlant 

• 

7 20 20 20;, 

14 20 20 35;; 

21 20 20 6c 
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T!LBL 21. 	Nffeot of adronaleatony, subcutaneous tumour 
and cortisone. 

Day No. of Rats No.'af Samples Nature of 
Troatmant 

Incidence of 
LM. in 
Blood 

0 20 20 Aarenaleotmgy + 
subcutaneous 
tumour + 

5,-(‘) 

cortioono • 

7 20 20 355',  

14 20 20 Pi; 

21 20 20 65 

TABLE 22. 	Bffect of adronalectamy and Walker tumour 
homoconato. 

Day nb. of Rats No. of Samples Nature of 
Treatment 

Incidence of 
IMIC in 
Blood 

0 20 20 Adrenalectav + 
Walkor tumour 
homogenate 
injection 

41.,  

7 20 20 20 

14 20 20 .nc 

21 20 20 5V, 
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TABLE 23. Effoct; of ndronalactomy, viniker tumur 
_homoomato ana_cortioono. 

Day No. of Rata No. of :InInlaes .  Nntu7o of 
Treat:ent 

Incidence of 
rOK in 
Blood 

0 

7 

14 

2i 

20 

20 

20 

20 

20 

20 

20 

20 

Adronalootopy + r 

tum3ur honocnnato 
+ cortioono 

,-' .),' 

35,' 

r ..).r), ' 

70,; 
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EXPERIMENT 7 

Influence of adrenal glands 
0-0 GROUP a BILATERAL ADRENALECTOMY. 
41-4, GROUP b 	 AND 

TUMOUR TRANSPLANT. 
100— /6-1^i GROUP c = ADRENALECTOMY+ TUMOUR. 

TRANSPLANT +ADRENAL STEROIDS. 
A—A GROUPd = ADRENALECTOMY+TUMOUR HOMOGENATE. 

Days after treatment 

FIGURE 21. 

Graphic representation of Tables 19, 20, 21, 22 and 23. 
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In group five (7e),20 rats had had a bilateral adrenalectomy. 

Later they were given subcutaneous injections of Walker tumour tissue 

homogenate and intraperitoneal injections of cortisone. On. day 0,.57E 

of the samples were positive,• on day 7,357 ,, on day 14, 55% and on;  day 

21, 707E (Table 231. Fig.. 21)., 

Statistical Analysis  

For comparison between the rats given bilateral adrenalectomy 

only and the normal controls i.e. group (a) of.Experiment 1, the results 

of, the different days were combined. All other comparipons.Fere for 

each day separately. No significant difference was found between the 

rats with bilateral adrenalectomy and the control group (a) of Experiment 

1. 

,Comparison between the rats with tumour in group lb end the 

other groups in this experiment showed no significant differences. 

Similarly, comparisons between groups two (7b), three 17c), four (7d) 

and five (7e) revealed no significant differences. 

Discussion  

The adrenal glands respond to trauma and other forms of stress. 

This has been established conclusively by other investigitors. Apart froM 

this repponse to stress, they will also affect the bone marrow and blood 

cells, under certain conditions. Changes in the peripheral blood' count 

have been demonstrated after injections of cortisone. The adrenal glands 

therefore play a most important role in "stress response" and also in the 
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blood cell count. It must be assumed that tumeurs.Oroduce stress effects 

in the system just. as other diseases do. Perhaps this is even more so in 

cases of advanceacarcinOma. It has already been reported that in cases 

with advanced tumours the incidence of megakaryocytes is high: The 

earlier experiments in this study have demonstrated how the incidence 

of these cells increases with the progress of the tumour. With this 

association between tumours and stress and changes in the peripheral 

blood, the question arose whether these effects were produced by way of 

the adrenal glands. 

This last series of experiments has demonstrated that tumours 

produce the same effect on the incidence of circulating megakaryocytes in 

the peripheral blood in rats with or without adrenals. The increase in 

the incidence of megakaryocytes in the blood of rats with tumours is 

therefore independent of the influence of the adrenal glands. 

TUmoUr homogenate produces the same effect on the megakaryocytes 

in the blood, as the,tdinout,does. When tumour homogenate was injected in 

rats with or without adrenal glands, again no significant change was 

observed..  

TO confirm the hypothesis that the adrenals have no connection 

with'the increased incidence. ofcirculating megakaryocytes occurring with 

turnouts, adrenaieitomised rats with inoculation tumours or injected with 

tumour homogenate were given Supplementary cortisone Injections.' Again 

no, significant,  differences were observed. 

One point'of interest is that in the group of adrenalectomizeds 
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rats given tumour homogenate .only, 557E of the 20 samples.werevositive 

on day 21. But in the group given the same treatment and in addition 

cortisone injections, /0% of the 20 samples were positive on'day : 21. This 

difference may not.be signifiCant, but it does warrant scrutiny. 'The 

incidence is obviously higher in the group given cortisone. though'this 

is a matter of opinion the products of interaction' between the tumour 

homogenate and the cortisone may to some extent be responsible for 

helping the cells to migrate from their anatomical site. This needs 

further study. 
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Ezeerimont 8  

The Effect of Splenectony on Circulating Megakarlecytea  

pationaia 

A review of the Literature revealed that the incidence of 

circulating megakaryocytes is not related to the proportion of these cells 

in the bone marrow. An increased number of megakaryocytes ini the bone 

narrow does not necosearily mean a. nigher incidence of these cells in the 

peripheral blood. It is therefore reasonable to look for some other 

source from which megakaryocytes tray disseminate into the blood. 

Under normal circumstances (Fig. 22) the spleen does not function 

as a haematopoietic organ. It does act as a haematopoietic centre during 

intrauterine life and the early postnatal period, and under certain 

conditions where the bone marrow fails to produce blood cells in adequate 

numbers. Apart from the spleen, the liver., .13r4011 nodes and even the 

lungs have been observed to have haematopoietic centres under some 

abnormal conditions. 

Meltinucleate giant cells identical with megakaryocytes do not 

normally occur in the spleen, but mall amounts are found during 

embryonic life (Downey, 1938). In some mammals, l.e. rats, mice, bats, 

Chipmunks, bears and hedgehogs, megakaryocytes are frequently seen in the 

spleen. Jolly and Rosello (1909) traeed the megakaryocytes of the 

embryonal spleen to the lymphoid basophil stem cells. The same observation 
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Section of normal spleen. 
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was made by Elaaschen (1922) and.by Rothermal (1930). 'Numerous mega-

karyocytes were also observed in the spleen of rabbits as a result of 

sapotoxin poisoning (Custer, 1933). 

Under pathological conditions many megakaryocytes are observed 

in the spleen, especially with myeloid metaplasia. Exttamedullary myeloid 

leukaemia, anaemia, infectious conditions like scarlet fever, diphtheria, 

erysipelas, pneumonia, meningitis, pulmonary tuberculosis, and various 

blood conditions like polycythaemia vera, throcibocytopenic purpura and 

Banti's.disease. 

Myeloid metaplasia of the spleen was produced experimentally 

by repeated bleeding (Jaffe, 1921). The repeated use of various heemo-

toxins like phenylhydrazine, pyrodin and pyrogallol also produces myeloid 

metaplasia of the spleen (Morris, 1907, Sternber, 1909), and injections 
do 

of various bacterial vaccines have been shown to/the same (Dickmann, 19221 

Lang, 1930). 

Virchow's (13G3) earlier observation on the mobilization of 

raagakaryocytes as emboli has been challenged by several investigators. 

Experimental observations have led to the suggestion that in, cats mega-

karyocytes originate in the spleen through fusion of lymphocytes (Downey, 

1939). Some investigators have observed differentiation of megakaryocytes 

fiam local haemocytoblasts or stem cells in the spleen (Downey, Palmer 

and Powell, 1930). The suggestion that megakaryocytes migrate from the 

bone marrow to the spleen and other extramedullary sites has been refuted 
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(Schwarz, 1954, 1956).. If migration. takes place at:all, there .is.no 

evidence , to support the statement that, the extramedullary negakaryocytes 

proliferate to maintain the. observed population of these cells. 

Schwarz (1953) said, that the megakaryocytes seen in the: 

vascular system.are:inactive. He suggests.a remote but possible connection 

between megakaryocytes and.gas exchange. 

Megakaryocytes are seen in the spleen under some stress 

conditions. Recently Catayee,and Col/ (1966) found that,there: w-as a  

significant increase of megakaryocytes in the spleen after tumour 

transplants and also after injections of tumour tissue extract. The real 

implications of this observation are not yet clear. An experimental 

study was required to establish the relationship between circulating 

megakaryocytes and the spleen. 

Haematological Changes following Splenectomy  

Changes in the blood have been observed after splenectomy in 

normal animals and human subjects. The mechanism involved remains obscure. 

Both anaemia and polycythaemia have been noted. Morphological changes 

and changes in the physical behaviour of red blood cells were observed 

after oplenectomy in normal subjects (Ktumbhaar, 1932; Singer. Miller, 

Dameshek. 1941). 

Leukocytosis is more protracted after splenectomy than after 

other operations. This has been observed in both men and animals (Lauda, 

1933). In albino Wistar rats the total white cell count increased by up 
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to,1007 within,7 days.after splenectomyi.remaining.significantly.high 

for 70 to 90 days and then returning to normal(Palrer, 1951). .The actual 

role of the spleen in'haematopoiesis and. its influente on, the bone marrow 

and blood are still a matter of debate (Palmer, Ramp, 1951) 

Materials and Methods  

40 male rats with a mean weight of 301.95 gms. (SD 4- 10.45) 

were used in this experiment. They were divided into two groups of 20 

each. The rats in group one (Se) underwent splenectomy, the day of 

splenectomy counting as day 1. Blood was taken on days 0, 7, 14 and 21. 

The rats in group two (8b) also underwent splenectomy and in 

addition received a tumour transplant in the right flank on the same day. 

The quantity of tumour calls injected was the same as in the previous 

experiments. The day of splenectomy and tumour transplant was taken as 

day 1. Blood was drawn,on days 0, 7, 14 and 21. 

Technique of Splenectomy  

The rats were anaesthetized and placed on the operating table in 

the supine position. The anterior abdominal wall was shaved clean and 

painted with a 5% hibitane solution. A left paramedian incision was made, 

extending 2.5 cm. below the left costal margin. The muscles of the anterior 

abdominal wall 'Jere split and retracted on both sides. An incision was 
the 

nade in the peritoneum and/spleen delivered through this. The splenic 

pedicle was ligated and the organ excised. Where more than one blood 

vessel was found attached to the splentc hilum, each vessel was ligated 
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and divided separately. 

After excision of the spleen the position .= was closed with 

catgut, using &traumatic needles. The skin wound was closed and apposed 

with Miebel is clips, covered with clean gauss and strapped with leucoplast. 

The dressings and Michel's clips were removed on the 7th day after 

splenectotry. 

Results 

In the first group (8a) none of the 20 blood samples taken on 

day 0 were positive for.megekaryocytts. On day 7, 15% of the 20 samples 

were positive, on day 14, again 15%, and on day 21 only 5%. This was 

the group in which splenectomy only had been done (Table 24, Pig. 23). 

The second group (8b) had had a splenectomy and on the same 

day a Walker tumour, transplant. On day 0, none of the 20 samples were 

positive. On day 7, 357E were positive, on day 14, 60% and on day 21, 457. 

(Table 23, Fig. 23). 

Statistical Analysis  

Comparison of the combine resultsfor each group showed a 

significant difference (P < 0.001). No significant difference was found 

between the splenectomy and the normal control group (a) in Experiment 1, 

nor between the group given splenectomy and a tumour transplant and the 

tumour group (b) in Experiment 1. Comparison on individual days for 

these two groups also revealed no significant difference. 
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TABLE 24. 7.ffect of splenectomy.. 

Day No. of Rats No. of Sanphis Nature of 
Tretment 

Incidence of 
IIGIC in 
Blood 

0 20 20 Splenectomy 0, 

7 20 20 15,9) 

14 20 20 15; 

21 20 20 5;) 

TABLE 25. affect of splonectomy and Wall:er tumour. 

Day No. of Rats No. of Samples Natu:7e of 
Treatment 

Incidence of 
LICK in 
Blood 

0 20 20 Splenectomy + 
subcutaneous 
tumour 

o; 

7 20 20 35,; 

14 20 20 60,; 

21 20 20 T.W, 
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EXPERIMENT 8 
Effect of splenectomy. 

GROUP a = SPLENECTOMY 
GROUP b = SPLENECTOMY+ 

TUMOUR. 

7 	14 	21 
Days after treatment 
GROUP a V GROUP b 
X 2  = 14 628 
P = < 0.001 

FIGURE 23. 

Graph showing the effect of splenectomy on the 
incidence of circulating megakaryocytes 
(Tables 24 and 25) 
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Discussion 

The group of rats with splenectomy and the normal control group 

(la) showed. a silailar ; incidence of circulating megakaryocytes. This,  

indicates that the,apleen does not influence the incidence under normal! 

conditions. 

In this last group of experiments, the incidence of circulating 

megakaryocytes showed a significant difference between the group of rats 

N-7110 had had splenectomy only and the group given splenectomy and a tumour 

transplant (P < 0.001). This shows that after removal of the spleen a 

tumour still affects the megakarycyte count in the same way as it did 

before splenectomy. 

One important observation is that in the group of rats with tumour 

and splenectomy only 45% of the 20 Bevies were positive on the 21st day. 

Tumour group lb had shown 707. of positive samples on day 21. In the group 

of rats which had had a bilateral adrenalectomy and a tumour transplant 

(7b), 607. of the 20 samples had been positive on day 21. In these three 

groups the growth rate of the tumours had been similar. In the first, 

the mean tumour volume was 19.88 cc (SD,+ 2.74), in.the second, 21.36 cc 

(SD 4-5.11), and in the third, 17.48 cc (SD ± 4.98), , always.on the 21st 

day after the tumour transplant. The tumour volumes,of these three,groups 

show no significant difference. 

,In rodents, the.spleen acts as.a pump, discharging its contents 

into the circulation at regular intervals (Snell, 1941). Various factors 
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oay modify this activity. Recently Catayee and his colleague (190) 

have noticed increased uumbers of mogakaryocytes iu the splenic pulp and 

also in the fume a of the blood veseela of rats with tumours, and also in 

those of rats given tumour extract at regular intervals. Splenomegaly 

was observed in these rats. Postmortem examination of the rats with 

tumours used is this study also revealed splenonegaly. 

Extra medullary myeloid metaplasia has been observed in 

infectious diseases, diseases of :he blood and neoplastic conditions.  

(Tackling, 1937; Carpenter and Flory, 1941). This is independent of any 

influence or condition of the bone marrow (Schwarz, 1954). The spleen 

is the most.common-site for extras edullary myeloid metaplasia (Sehwarz, 

1954). Both mature and immature megakaryocytes have been seen in these 

foci. Apart from developing in these extrameduliary sites, megakaryocytes 

may differentiate from the haemocytoblasts or stem cells present in the , 

splenic pulp (Downey, Palmer and Powell, 1930). 

21 days after the tumour transplant the size of the tumours in 

the present experiment was such that the disease could be regarded as 

advanced. On postmortem examination, 17 out of the 20 rats given a 

tumour transplant only showed splonomegaly. It may be postulated that a 

portion of the circulating tuegakaryocytes seen in advanced neoplastic 

disease are controlled by the spleen. This way be due either to myeloid 

metaplasia, or to increased differentiation of these cells from-the 

splenic stem cells or haemocytoblasts in the spleen (Fig. 24, 23). It 
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is. possible that the lower incidence of circulating megakeryocYtes'in 

rats with advanced tumours who underwent'splenectemy'Wai due to thin. 

It hawbeea Suggested that the increased platelet.coUtit.:Aftet' 

.splenectomy.way-be. attributed to the increased'megskaryocyte count;.  end 

vi6e'versa. In the present experiment no significant rise in'cirOulating 

megakaryocYtes Woe seen which might account for the increased blood 

platelet count obserlied by' other authors(Steiner 1931; Nrumbhasr, 1932; 

Lauda,;,1933).' 
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Bxperiment 9  

Relations between Blood Platelet Count. Misakarvocytes and Tumour 

Rationale 

Blood platelets were first described by Donne in 1842, who thought 

they originated from the fatty particles of chyle. In 1882 Bissoworo 

studied the physiology of the platelets, their adhesiveness and their role 

in thrombus formation and blood coagulation. It was Wright (1911) who 

conclusively demonstrated that the megakaryocytes are the precursors of 

blood platelets. 

Recently Thiery and Bessie (1956) used microcinematography of 

megakaryocyte cultures and demonstrated convincingly that platelets are 

formed from the filiform pseudopodia of these cells. Before that, Howell 

and Donahue (1937) had also noted that the platelets originated from mega-

karyocytes. They described the platelets as "solid secretions" from a 

unicellular gland. 

It is generally accepted that the megakaryocytes of the bone 

marrow are the precursors of platelets, but Howell and Donahue (1937) and 

Kauffman et al. (1965) have suggested that the megakaryocytes of the 

pulmonary bed also produce platelets. Fidler et al. (1941) opposed this 

idea. They considered the megakaryocytes of the pulmonary bed to be effete 

cells. The relation between platelets and megakaryocytes from extramedullary 

tissue has not yet been fully investigated. 
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Prisivoit (1964) found that during tumour growth in man, and in 

animals with experimental tumours, the thrombocytogram was lower (2%) and 

the number of megakaryocytes in the bone marrow increased. Other 

investigators reported a general increase of the platelets. level th.the 

blood of cancer patients. (Odell, 1956; Theiry. and Bessip,1956). They also 

noticed degenerative changes in the megakaryocytes of the bone marrow. In 

experimental animals 	tumour, increased numbers of megakaryocytes were 

found in various tissues, especially the spleen (Catayee et 	1966). 

The relationship between bleeding and the blood platelet level 

has been thoroughly investigated. Craddock (1955) noted that in dogs the 

blood platelet level rose for a brief period after haemorrhage. He suggested 

that this phenomenon might be due to the formation of platelets from 

megakaryocytes in extramedullary sites. Matter et al. (1960) noticed a 

decrease in the platelet count for 24 to 48 hours after bleeding. Craddock 

et al. (1955), Matter et al. (1960) and Odell (1962) found that after 

bleeding the total number of cells of the megakaryocyte series increased. 

It takes 2 to 5 days for megakaryocytes to mature (White, 1955; Rosenthal, 

1951), and during this period thrombocytopenia was observed after bleeding. 

Odell (1951) noticed a brief period of thrombocytopenia after 

bleeding, end after that the platelet count rose to between 140 and 150% 

of the initial count, gradually returning to normal within 9 to 10 days. 

He also found that the number of megakaryocytes in the bone marrow increased 

after bleeding. Cronkite (1958) suggested that the presence of large 
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numbers of platelets in the blood arrested the•mechanism which initiates 

the rapid formation of platelets and•maturation of megakaryocytes. 

Thrombocytopeniavccurs after major surgery and is immediately 

followed by thrombocytosis. The early thrombocytopenia may be reproduced in 

normal subjects by givAng . ACTN. . (Warren et al., 1953). William (1952).  

observed that ACN injections produced a similar effect on the bone marrow 

megakaryocytes as major surgery.. NO noticed that the number of megakaryo-

cytes in the bone marrowincreased during the phase of thrombocytopenia and 

decreased during the phase of thrombocytosis. Prizivoit (1964) suggested 

that a law platelet count during tumour growth might act as a feed-back 

mechanism to stimulate the megakaryocytes to migrate to•the circulation 

for quick delivery of the platelets. 

Changes in the blood platelet level of subjects with tumours have 

been reported. Thrombocytopenia has been noticed by many investigators 

(Prizivoit, 1964). This change might have some influence an the mechanism 

leading to.the higher incidence of megakaryocytes in the blood of cancer, 

subjects. In the present experiment, an attempt has been made to determine 

whether a relation exists between the platelet level and the incidence of • 

circulating megakaryocytes in animals with transplant tumours and also in 

normal animals. 

Materials and Methods  

Bleeding is followed by a brief period of throabocytopenia and 

after 5 to 7 days by thrombocytosis. That has been the experience so far 
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with the rats used in ouriaboratories, and. also agrees with the findings 

of,Odell (1951) and Matter (1960).. The present experiment was designed to 

study.the relation between circulating.msgakaryocytes and the: blood platelet 

level.. 

Rats with a mean weight. of 298.00 gars. (SD +,14.76) Were depleted 

of 2.5 ml..of blood, roughly 1/12th of the total blood volume in rats of 

this, type., The blood volume was then. restored by injecting 2.5 ml., of 

sterile saline intraporitoneatly. The first day on which blood was with-

drawn counted as day 0 inthis experiment. it. megakaryocyte count was done 

on 1 ml. of blood, and & blood platelet count'was done,on the same day. 

In, groups 1.(9a) and 2 (9b), these determinations were carried out on days 

1,.7 and 21, in group 3.(9c), on days 1, 7 and 14. 

It was expected that the thrombocyte count would be low on the 

first.day after bleeding, high on the 7th, and return to normal on the 14th 

and 21st day. This bad been the pattern in previous experience. 

30 male rats were.used and divided into three groups of 10 each. 

. In group one (9a), 2.5 ml. of•blood were taken from the heart 

on day. O. Blood was also taken from the tail vein for a platelet count. 

Then 2.5 ml. of sterile saline were injected,intraperitoneelly.- 

Group two (9b) consisted of rats with subcutaneous tumours 

approximately 7 days old on day 0. The average tumour volume on that day 

was 0.7 cc (SD ± 2.12). 2.5 ml. of blood were taken from the heart on day 0, 

and a blood sample from the tail vein for a platelet count. 2.5 ml. of 
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sterile saline' were'giVen'intraperitonsally to'restore the blood volume. 

'The third group (9c) also had a subcutaneous tumour of 7-day size 

on.  day 0. The mean tumour volume was 	cc (SD-4-006). On day 0, 2.5 ml. 

ofblood were taken from the heart, and blood for a platelet count was 

taken from the tail vein. 2.5 ml. of sterile saline were injected intia-

peritousally to restate the blood volume: 

Results 

The first group (9e) consisted of normal rats. The megakaryocyte 

incidence was 0% out of 10 on day 0, 10% out of 10 on days 1, 7 and 21 

(Table 26, Pig. 26). The mean platelet count was 752,200 on day 0, 534A00 

on day 1 and 1,490,000 on day 7 and 914,800 on day 21 (Table 29, Fig. 21). 

The second group (9b) consisted of rats with tumour. On day 0, 

40% of the 10 samples were positive for megakaryocytes on day 1, 50% were 

positive, 70% on day 7, and 87.5% on day 21 (Table 27, Fig. 20). The mean 

platelet count was 647,800 on day 0; 521,800 on day 1; 944,200 on day 7 and 

642,200 on day 21 (Table 30, Fig. 27). 

The third group (9c) also consisted of rats with tumour. 40% of 

the 10 samples were positive formegakaryocytes on day 0, and 50% on day 1. 

No blood was taken on day 7. On day 14, 90% were positive (Table 28, Fig. 26). 

The mean platelet count on day 0 was 770,000, on day 1, 576,800, on day 7 

it was 856,400 end on day 14, 646,400 (Table 31, Fig. 27). 
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TABLE 26. Effect of bloodims in normal rato. 

Day Db. of Hato _bb. of 	am2loo Naturo of 
T:tratElont 

inold=oo of 
1M in 
Blood 

0 10 10 Bloodinc 40,;',  

9 10 10 10: 

7 10 10 10, 

21 10 10 ia,"_, 

TALE 27. I7foct of bleeding. in ruts Ath to our 

Day No. of Dab° O. of TanlAco raturo of 
T!rcataont 

Incidonce of 
717. in 
Blood 

0 10 10 DlcoilIor-  40;.; 

1 10 10 50,: 

7 10 10 70,',  

21 0 3 37.5,' 

___ ...... . 
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TAME 29. Platelet count of normal rato aftor bleeding. 

Day 110. of Tlato 'Jo. or z3amples Nature of 
Treatment 

T7ean -Ilatelet 
count 

0 10 3 B? co:? 752,2C0 

1 10 3 534,000 

7 10 3 1,490,000 

21 10 3 941,300 



O NORMAL RATS EFFECT OF BLEEDING = GROUP a 
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A 2 nd 	n 	II 	II 	is 	se 	= 	,. 	c 100 

80 

60 

40 

20 
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EXPERIMENT 9 

0 

o 	 0 
I 	I 	II 	I 	I 	I 	I 	II 	II 	I 	1 	1 	I 	I 	I 	I 	I 	I 
I 	 7 	 14 	 21 

Days after treatment 

Group a v GROUP b ON 7 DAY x.2: 5.209 P< 0.5 
21 DAY X22  7 897 P< 0.01 

FIGURE 26. 

Incidence of megakaryocytes in the blood of 
rats with and without tumour after bleeding 
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TOM 30. Matelot count of rata with tunour aftor blooding. 

Day No. of Mato No. of :.3aonloo Treatmont r:can nlato/ot 
count 

0 10 10 Blooding 647,000 

1 10 10 521,800 

7 10 10 944,200 
21 8 0 642,200 

TADLE 31. Platelot count of rate with tumour after bloodin 

Bay 1ro. 	of .1r1to Uo. of :ariplon Treat: 'can nlatolot 
count 

0 

1 

7 

14 

10 

10 

10 

10 

10 

10 

10 

10 

Blocdinc 770,000 

5762003 

356,400 

646,400 
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I5x105  

EXPERIMENT 9 
o NORMAL RATS SHOWING EFFECT OF=BLEEDING 

= GROUP a 
A 1st GROUP OF RATS WITH TUMOUR= GROUP b 

• 2nd GROUP OF RATS WITH TUMOUR= is 	c 

Me
an

  p
lat

el
et

  c
ou

nt
  

Kw' 

5x10 

1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 

7 
	

14 
	

21 

Days after treatment 

FIGURE 27. 

Platelet count after bleeding of rats with and without tumour. 
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Statistical Analysis  

Comparieon of the incidence of circulating megakaryocytes between 

groups (9a) and (9b) showed no significant differences on days 0 and 1. 

But a significant rise became apparent on days 7 (P < 0.05) and 21 (P < 0.01). 

Comparison between groups two and three showed no significant differences. 

This seems comparable with the results of the tumour group (1b)(Experiment 

1) only. 

piscussica, 

In group (9a), the thrombocyte level was low on the day after 

2.5 ml. of blood were taken and replaced with normal saline. The incidence 

of megakaryocytes was 107 on that day. On the 7th day after bleeding the 

platelet count was very high (200%). On the 21st day, the incidence of , 

circulating megakaryocytes was 10% and the platelet count was within the 

normal range. 

In the second group (9b), consisting of rats with tumour, the 

thrombocyte count was lower.than the initial count and lower than the 

normal range on the day after bleeding, but the incidence of circulating 

megakaryocytes was 50%. On day 7, the thrombocyte count was higher than the 

initial value (30%) and the incidence of circulating megakaryocytes had 

risen to 70%. On day 21, the incidence of megakaryocytes was still higher, 

though the platelet count was falling. The same pattern was found in 

group three. There the results on day 14 were the same as on day 21 in 
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group,two. Group three was in fact a repetition of group two, in order 

to confirm the results. 

This experiment has demonstrated clearly that the incidence , of 

circulating megakaryocytes in rats with transplant tumours and in normal,. 

rats is not related to, the blood platelet level. The response of:the . . 

platelet level to bleeding was similar to that observed by other investigators. 

The rising megakaryocyte count noted during the period of tumour growth is 

not affected by any rise or fall in the blood platelet count. This agrees 

with the observations made by Maimed et al. (1966) on cancer patients. 
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Experiment 10  

Relations between Immune Reactions and Meeekervocytes 

Rationale 

"Tissue immunology directly affects the outgrowth of tumours in 

which a distinct abnormal antigen can be detected. The immunological 

phenomena of tolerance or enhancement may be necessary prerequisites for 

the outgrowth of such a tumour. However, evidence that displaced or aged 

tissue is removed by a mechanism sharing some characteristics with the 

mechanism of classical immunology suggests that a related effect may occur 

with tumours in which no clear 'tumour antigen' can be detected." This 

immunological concept of the tumour vas first suggested by Professor Green 

in 1954. After years of work a response mechanism in some ways similar 

to that of normal immune:reaction has been postulated. 

Rejection of a skin graft occurs when there is a minor degree of 

genetic disparity between the donor and the host. Infiltration of the 

graft by small lymphocytes is prominent in this process, and is believed to 

play a major role in the destruction of the graft. With a second graft, 

rejection is accelerated, there is a similar lymphocyte response, and the 

immune mechanism may be transferred to isogenic animals by lymphocytes instead 

of serum (Gowans and McGregor, 1965). 

Macrophages play no prominent role in the reactivity to skin 

homografts, but they do to some extent in tumours (Groner, 1956; Old, 1962). 
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The mechanism of function is not yet clear, and it is not known whether the 

macrophages play a role in sensitization or vhether they engulf the opsonised 

tumour cells (Granger and Weisen, 1966), 

losinophilia has been observed in asthma, nesel polyps and in 

various intestinal:  conditions. These cell, also play a part in hyper-

sensitive conditions (Cell and Coombe, 1963). 

There is no evidence that megakaryocytes are immunologically 

active cells. According to Green, the immune mechanism in tumours has 

some factors in common with the normal immunireaction, but there is nothing 

to. indicate that the megakaryocytes are directly or indirectly. involvedwith 

the immunological processes of the tumour.. 

It was decided to determine experimentally whether the incidence 

of circulating megakaryocytes changes after, skin auto-, homo• and hetero-

grafts. 

Materials and Methods  

36 rats with a mean weight of 261.00 gm. (SD+ 5.48) were used 

in this experiment. They were divided into three groupi of 12 each. 

The first group (10a) had a skin sutogrift. The day before the 

operation was taken as diy 0. Blood for a megakaryocyto count wis taken on 

days 0, 7, 14 and 21. 

The second group (10b) bad skin homografts on day 1. Blood was 

taken on days 0, 7, 14 and 21. 
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The rats in group three (10e) were given a.  skin hetetegraft. 

Blood was drawn the day before the operation and on the 7th, 14th and 21st 

days after it. 

Technique of Skin AutotransPlant 

The rats were anaesthetised, both flanks were shaved and painted 

with a n hibitano solution. A circular piece of skin 2 cm. in diameter 

was excised from each flank and replaced by the piece taken from the other 

flank. The skin margins were sutured with black silk No. 1. The wound 

was dressed with gauze and covered with a bandage, to give protection for 

the time being. The progress of the skin grafts was checked daily. 

Technique of Bkin Homotransulant  

Isogenic rats were taken two at a time. They were anaesthetized 

and placed side by side, on their left sides. The right flank of each rat 

was shaved and painted with a 5% hibitane solution. A skin disk of 2 cm. 

diameter, devoid of subcutaneous tissue, was taken from the flank of each 

rat and transplanted to the flank of the other. The grafts were sutured 

with black silk. The wound was covered with, a clean piece of cloth and 

daily checks were made to follow the progress of the skin graft. 

Technique of Skin Neterotransplant  

This was exactly the same as for the skin homotrensOlant, except 

that skin taken from hamsters was transplanted into the flanks of the 

experimental animals. The hamsters had been bred in the Animal Department 
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of the Royal. Postgraduate, Medical School. Their=average weight was 120 gms. 

and they were 8 to 10 weeks old. The rats given transplants. of hamster skin 

were examined daily to check on the progress of the transplant. 

Resulte 

The rats in the first group (10a) bad had autotransplants. All 

healed properly, without rejection or infection. The incidence of mega-

karyocytes was 0% out of 12 samples on day 0 and 8.3% on days 7, 14 and 21 

(Table 32, Fig. 28). 

The second group (10b) had been given skin homografts from 

isogonic animals. These were only successful in two rats, and the remaining 

10 grafts were rejected in seven days on the average. There was no evidence 

of infection and the wounds healed gradually after rejection. In this 

group, the incidence of circulating megakaryocytes wee 07. on day 0, 8.3% 

on day 7, 25% on day 14, and 8.3% on day 21.' (Table 33, Fig. 28) 

The rats in group three had received skin haterotransplants. All 

the rats rejected the hamster skin and the average period of rejection was 

4 days. The incidence of megakaryocytes was 0% on day 0, 257. on day 7, 

16.7% on day 14 and 16.7% on day 21 (Table 34, Fig. 28). 

Statistical Analysis  

When the results of the different days were combined for each 

group and compared with those of the normal control group 1*, no significant 

differences were found. Nor did comparison between any 'two groups in this 

experiment show any 'significant differences. 
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TABLE 32. Effect of o1;in autot,xaft 

Day No. of Rats No. of Saanles N 	of 
Treat:tont 

Inoidonoo ofaturo 7,117: in 
Blood 

0 12 12 None 0,; 

7 12 12 an autos aft 0.2r; 

34 12 12 0.3.: 

2]. 12 12 0.3;.) 

TAULT1 33. =oat of shin hono_;raft. 

Day 
,,  

ITo. of Rats. ITo. of .3e.mples Nnturo of 
Tront2ont 

Inoidenco of 
Ira in 
Blood 

0 12 12 Norio 0:,  

7 12 12 5kin homocraft 0.3: 

14 12 12 2Z 

21 12 12 0.3, 
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EXPERIMENT 10 

100 

in 80 
a_ 
E 
cs v) 	60 co 
...• : •
0 

 in 
a_ 40 
O 

20 0 

Effect of skin graft. 

0-0 GROUP a = SKIN AUTOGRAFT 

0-0 GROUP b = SKIN HOMOGRAFT 

.6—ii GROUP c = SKIN HETEROGRAFT 

Days after treatment 
X 2 NOT SIGNIFICANT aVb, aVc, bVc. 

FIGURE 28. 

The incidence of megakaryocytes in blood following 
skin grafts (Tables 32, 33 and 34) 
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Discussion' 

Small lymphocytes and macrophages are known to be immudologicallY 

active cells. Eosinophilia has been observed with hyPeisensitive conditions. 

There is no evidende that the megakaryocytes are immunologically actiVd. 

In immune reactions, lymphocytes and macrophages are seen in the tissue and 

the blood count of these cells may be'increased. 

The present experiment has shown that there is no relation 

between the incidence of circulating megakaryocytes and the phenomena 

associated with the rejection of skin grafts. Biopsies from the rejected 

areas showed no megakaryocyte infiltration. 

The spleen itself is related to the immune mechanism through its.  

small. lymphocytes and macrophages. Cateyee (1966) observed splenomegaly, 

and also found that the number of megakaryocytes in splenic tissue is very 

much increased if the splenomegaly occurs as the result'of a tumour. This 

increase still requires further investigation. If the megakaryocytes are 

in any way related to the immune mechanism, this certainly does not show , 

itself 	an increased incidence of these cells in the circulation. 



150 

Experiment 11,  

The Effects of Irradiation and Cancer Chemotherapy 

Rationale 

Hieneke (1905) first demonstrated the effect of irradiation on 

the blood and haenatopoietic system, and the radiosensitivity of the 

haematopoietic system. Later his observations were confirmed by other 

investigatxra (Langendorff, 1939; 3recher et al., 1948). The effect of 

radiation on individual components varies greatly. The differences observed 

arepresumably due to the variation of species, and particularly to the 

different techniques of bone marrow evaluation (Dunlap, 1942; Dunstad, 1943). 

The marked effect of irradiation on erythroid, myeloid and lymphoid 

elements has.been extensively studied (Langendorff, 1939;.Bauer et al, 1940; 

Dunsted, 1943; Bloom, 1947). Less attention has been given to the mega.7. 

karyocytes, reticulin cells and plasma cells, which are relatively less 

sensitive. (Rosenthal et at., 1951). 

Sprague-Dawley rats were given whole body irradiation. with 700 r. 

. After one day the number of megakaryocytes in the bone marrow showed no 

change. During the next five days there was a gradual decrease, and from 

the 7th to the 15th day there VAS complete absence of megakaryocytes. From 

the 15th day onward these cells started to reappear, and by the 21st day 

about 50% reappeared. The erythroid and myeloid elements require very much 

longer to regenerate (Rosenthal, 1951). 
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With regard to chemotherapys Krumbhaar (1919) and Hermann (1919) 

reported the effect of mustard gas on the haeiatopoietic system. During 

the Second World War, the chemical warfare services of Canada, Dreat,Britain 

and the U.S.A. carried out extensive studies on the biological effects of 

mustard gas ..ti he newly developed nitrogen mustard. Gilman and Phillips 

(1946) reported on the effect of these substances as antineoplastic agents. 

Since then nitrogen mustard has been used in the treatment of cancer. 

Basically, the nustards cause a transient hypopiasia of the lymphoid system 

and bone marrow, accompanied by inhibition of mitosis of the blast cells in 

the bone marrow. This produces leukopenia of,the circulating blood, with 

marked lymphopenia, followed by neutropenia (Kindered,.1946). When Wietar 

rats were treated with nitrogen mustard, Hindered observed no changes in 

the megakaryocytes of the bone marrow. He pointed out that the megakaryo• 

cytes suffer the least change of all the cells of the haematopoietic 

system. 

Cyclophosphamide, which is used also as an antineoplastic agent, 

produces a short-term depression of myelopoiesis, followed by excessive 

myeloid cell production. Cyclophosphamide causes more damage to the dividing 

compartment than the other elements. Lajatha (1961) showed that both anti-

metabolites and alkylating agents produce marked lymphopenia, granulopenia 

and eosinopenia. Unfortunately there is no record on the effect of these 

agents on the megakaryocytes. 

Elson (1958) observed thrombocytopenia 8 to 10 days after 
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treatment with Myleran (chlorambucil). He also found that after treatment 

with chlorambucil and busulphan there was a reducaon of negakaryocytei in 

the bone marrow and thrombocytopenia. 

Mathotrexate, a folic acid antagonist, prodUces leukopenia 

(Berlin, 1961). In the bone narrow, its eAsibltion led to ;ualitative ' 

changes in red blood cells within few days, producing negaloblasts and 

intermediate celic of maturation (Dacie, 1949). There is a Marked absolute 

and relative decrease in early granulocytes and a slight increase in late 

megakaryocytes in the bone rarraw. During treatment a progressive depletion 

of megakaryocytes web noticed (Speck, 1967). .The marrow lymphocytes showed 

no depletion during the course of treatment (Speck, 1967). 

Kollar (1958) studied. the response of the blood-forming aystem 

to cancer chemotherapy and observed that•the megakaryocytes are extremely' 

sensitive to such agents. He found that pyknotic degeneration occurred 

withinH24tours. 

Romsdahl (1966) observed that patients with cancer showed an 

increase in circulating negakaryocytes. He found 17.3 megakaryocytes per 

10 ml. of blood in•these patients, and after treatment with chemotherapeutic 

agents this rose to 23.6 per 10 ml. The agents used' were A•8103 and uracil 

mustard. 

Cancer• is treated by surgery, irradiation or chemotherapy, or 

with any combination of these. Blood has been examined for circulating 

megakaryocytes on several occasions, either during or immediately after 
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treatment (Waste  1963; NW., 1964; Romsdahl„ 1967, a.o.). As irradiation 

and chemotherapy are known to affect haematopoiesis, it was decided to 

study their effects in an animal system. The incidence of circulating 

megakaryocytes after both irradiation and chemotherapy was determined in 

normal rats and in rats with turnouts. 

Materials and Methods  

60 male Vistas rats with an average weight of 275.53 gm.. 

(SD+ 6.85) wars used in this experiment. They were divided into four groups 

of 15 each. 

The first group (11a) were given irradiation of the whole body, 

the dose being 250 r per minute for 2 minutes on two consecutive days. 

The total dose for each rat was 1,000 r. 

Croup two (11b) received 1.5 mg./kg. of body weight of mathotrexate 

(4-Amino-M10-methyl Oteroyl glutamic acid sodium supplied by Lederle 

Laboratories Division) intraperitoneally on days 10, 11, 12 and 13. In 

both these groups day 1 was the day after the first blood sample was taken. 

Blood was collected on days 0, 7, 14, 21 and 28. 

The rats in group three (11c) were given a tumour transplant. 

The first sample of blood was taken on the day before and this counted as 

day O. The tumour was irradiated with 500 r daily for two days, on the 12th 

and 13th day. 

Group four (11d) also received tumour transplants on day 1. 
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Intraperitonealinjectione of 1.5: mg./kg. of body.weight of mathotraxate 

were given on days 10, 11, 12 and 13. In these last two groups, blood was 

collected on days 0, 7, 14, 21 and 28. 

Manion/ of Irradiation  

The set was a Marconi industrial model, with electrically operated 

Shutter, running at 250 RV and 15 mA, to give a dose rate of 250 r per 

minute. A 0.5 mm. copper and 10 tom. aluminium shield was.used for,both 

tumour and,whole body irradiation. 

The rats were immobilised by giving OA% Nembutal intraperitonsally. 

They were then placed in a Thomlinson's pressure:Chaeber.(Thomlinson, 1980). 

The pressure was kept normal and air was allowed to pass instead of 02, to 

maintain the animals breathing normally. A dose of 500 r was given and 

repeated on the following day. A total of 1,000 r was given to all rats, 

both for.whole body and for tumour irradiation. For whole body irradiation 

three rats at a time were placed in a perspex chamb4r. 

the 
Preparation of/Chemotherapeutic Agentt  Methotrexate.for Injection 

Methotrexate, a popular antimitotic agent, was selected for this 

experiment. Au adequate supply of this drug was available for experimental 

purposes. 4-amino-1110-methyl pteroyl glutamic acid,:or mathotrexate,is a 

folic acid antagonist commercially known as methotrexate. It is 

manufactured by the Weide Laboratories Division, American Cyanamid Company, 

Pearl River, N.Y. 
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The drug is provided in powdered form. 2 ml. of sterile distilled 

water are added to a 5 mg: vial to reconstitute it for parenteral use. 

The rats were weighed before each injection and 1.5 mg./kg. of 

body weight was injected intraperitoneally. 

Results  

. Group one (11a) consisted of normal rats given whole body • 
blood 

irradiation. • None of the 15/samples were positive for megakaryocytes on 

days 0 and 7. On day 14, 13.3% were positive, and on day 21, 20% (Table 35, 

Fig. 29). 

The second group (11b) had been treated with methotrexate., On 

day O. none of the 15 samples were positive. 6.7% were positive on day 7, 

33.3% on day 14 and 26.7X on day 21 (Table 36, Fig. 29). 

The rats in group three (11c) had been given tumour transplants 

and irradiation. No sample was positive on day O. On day 7, 26.7% of the 

samples were positive*  on day 14, 40% and on day 21, 53.3% and day 28, 73.3% 

(Table 37, Fig. 29). 

Group four (11d) consisted of rats given a tumour transplant and 

treated with methotrexate. 0% of the 15 samples were positive on day 0, 

26.71 on day 7, 66.7% on day 14, 86.7% on day 21 and 93.3% on day 28 (Table 38, 

Fig. 29). 

Statistical Analysis  

The incidence of circulating megakaryocytes showed no significant 
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EXPERIMENT 11 
Effect of irradiation and chemotheraphy 

03-0 GROUP a = WHOLE BODY IRRADIATION 
0—* GROUP b = TREATED WITH METHOTREXATE 
AN--31 GROUP c = TUMOUR +IRRADIATION. 
A—A GROUP d = 	+ METHOTREXATE 

7 	14 	21 
	

28 

Days after treatment 

FIGURE 29. 

Effect of irradiation and chemotherapy on the incidence of 
circulating megakaryocytes in rats with and without tumour. 
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differences when the groups treated with irradiation or injections of 

methotrexate were compared with the normal control group Is. Comparison 

between the results of the group with tumour and irradiation or the group 

with tumour and methotrexate and the results of the tumour group lb also 

revealed no significant differences. Similarly, no significant difference 

was seen between the group with tumour and methOtreiste and the group with 

tumour and irradiation. The difference between the. group treated with 

mathotrexate and the group with tumour plus mathotrexate was found to be 

significant, with a higher incidence in the latter Wig 0.01). A significant 

difference Vas'also established between the &soup given whole body 

irradiation and the group where the tumour =Viral irradiated. The group 

with irradiated tumours Showed* higher incidence (P < 0.01). The results 

of day 28 showed no significant differencesletween the two groups with 

treated tumours. 

Discussion  

In this experiment, the incidence of circulating megakaryocytes 

in rats with tumours treated with irradiation showed no significant 

difference from that in rats with tumours given no treatment. Similarly 

no significant difference was seen when normal rats given whole body irra-

diation were compared with normal rats given no:treatment. It may be 

concluded therefore that the incidence of circulating megakaryocytes is not 

influenced to any significant degree by.irradiation of the whole body or 

of the tumour and its effect on the haematopoietic system. This would 
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teem to ConfirmRosenthalis (1951,) observation that the.megakaryocytes are. 

less sensitive to radiation than other bont'marrow 

In . the' groups of rats,  with. tumours treated with 'caethotrexate, 

'-this incident* shc-464.no significant difference from that in rats with tumours 

given no treatment. It therefore appears that'in, rats with'tumours the 

'incidence'of circulating megakaryocytes is not significantly influenced by 

either irradiation Or methotrexate. On the 21st'day, the incidence in the 

irradiated tumour group and that inthe-tumour group treated with methotrexate 

differ by 34.4%,, the latter group having the higher incidence. On the 28th 

day, the incidence was 20% higher in the metbotrexate than,in the irradiated 

group. At the same time the irradiated tumour group gave results 26.4% 

lower than the tumour group given no treatment. 

Irradiation changes the incidence to some extent, though the 

results are not statistically different. 

On the 28th day, tbs total megakaryocyte count in the group of 

rats given ohemotberapy was 480 cells per 100 ml. of blood. In the group 

treated with irradiation it was only 220 cells per 100 ml. of blood. It 

would appear therefore that tumours treated with irradiation have a different 

effect on the incidence of circulating megakaryocytes from that of tumours 

treated with chemotherapeutic agents. In the bone marrow, the response of 

megakaryocytes to irradiation is a slat one (Rosenthal, 1951). During 

treatment with methotrexate, progressive depletion of these cells has been 

observed (Speck, 1967). Kollar (1958) noted that megakaryocytes are 
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extremely sensitive to cancer chemotherapy. In the blood of normal rats 

treated with irradiation or methotrexatei the incidence of megakaryocytes 

shoved no significant difference. 

The reduction after irradiation may be attributed to effective 

control of the biological activity of the tumour. However, the fact that 

both the incidence and the total count increased after methotrexate does 

not prove that this *gent is not effective against the tumour. This aspect 

requires more detailed study. 
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Study of Tumour Volume in Experiment '1  

Relations between the Tumour Volume and the Incidence of Mesakarvocytes  

Rational* 

Megakaryocytes are more common in the blood of cancer patients 

and their incidence increases as the disease advances. This has been 

observed by several authors. One of the experimental series in this study 

has demonstrated that tumour tissue homogenate injected into normal rats 

is equally effective in raising the incidence of circulating megakaryocytes. 

It is logical to presume at this stage that the tumour produces some 

substance which causes this increase, and that a Large tumour would be 

more active in this respect than a smaller one. It was therefore decided 

to study the relationship between the tumour volume and the incidence of 

circulating megakaryocytes. 

Materials and Methods  

The results obtained with the animals in group 1b were analysed. 

The group consisted of 20 rats with a mean weight of 250 gms. (SD ± 8.24). 

All of them had a subcutaneous tumour in the right flank. The tumours had 

been produced by injecting 5 x 106  to 6 x 106  cells in 0.4 to'0.6 ml. of 

sterile normal saline subcutaneously. 1 ml. of blood had been drawn ..: 

from the heart an the day before this inoculation was given, this day 

counting as day O. Further samples had been taken on days 7, 14 and 21. 

The tumour volume was also determined on days 7, 14 and 21, using the 
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technique described by Mori et al. (1964). 

In the first instance the relation of the tumour volume to the 

progress of the disease was studied. Table 39 shows that on day 0 the 

tumour volume was O. 7 days after inoculation the mean tumour volume was 

0.620 ml. (SD + 1.357), and on the 21st day 29.838 !al. (SD + 10.766). The 

tumour volume therefore increased significantly with the.progress of the 

disease, as can be seen from Fig. 24. 

Table 39 shows that on day 0 the incidence of megakaryocytes in 

the blood was nil, and obviously the average number of cells per ml. of 

blood was also nil. On the 7th day, the incidence was 25%, with an 

average of 0.50 cells per ml. On the 14th day, the incidence was 55%, 

with an average of 1.60 cells per ml. On the 21st day, the incidence was 

70%, with an average of 4.00 cells per ml. These results have beta plotted 

on two graphs. On the first (Fig. 30) the number of cells was plotted 

against the volume of each'individual tumour, including the negative counts. 

In Fig. 31, only the positive counts were plotted against the tumour • 

volume. A. positive' relation was established between the tumour volume and 

the number of cells, when the negative observations were included as '0' 

cells. This is even more clearly apparent in Fig.32, where a comparison 

of regression of total numbers of megaka'ryocyles.AiLeach sample of blood 

taken from the rats in Experiment 1 has been drawn. 
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FIGURE 30. 

Scatter of tumour volume both positive and negative 
of megakaryocytes in blood. 
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FIGURE 31. 

Scatter of tumour volume of only positive 
of megakaryocytes in blood. 
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EXPERIMENT 1 Gr(b) 

Comparison of the regressions of no. of cells on tumour volume 

a) when just positives are 'included and b) when positives and 
negatives are included. 

10 No of cells 

8 — 

6 

Just positives 

Positives and negatives 

	

I 	I 	I 	I 	I 	1 

	

10 	20 	30 	40 	50 	60 

TUMOUR VOLUME 

FIGURE 32. 

Comparison of regression of total number of megakaryocytes in 
each samples of blood taken from rats of Experiment I. 

4 	IMI 



169 

Discussion 

The tumour volume vas found to show a positive correlation to the 

number of circulating megakaryocytes. This is in agreement with the 

findings of several other iivestigators, that the incidence of circulating 

megakaryocytes is higher in patients with advanced carcinoma. This study 

has shown that there is no obvious difference in the tUmour volume of 

rats with positive and with negative mounts. Once an animal became 

positive it consistently remained positive. Reversal to a negative count 

is very rarely observed in tumour-bearing animals. Some of the rats were 

late in becoming positive and some never did become positive. In relation 

to the megekaryocyto response in the presence of a malignant tumour these 

animals may be divided as follows 

1) those responding early 

2) those responding late 

3) those which never respond 

An explanation for the variable incidence of circulating 

megakaryocytes is given in the following chapter. 
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DISCUSSION 
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ISOLATION AND IDDITIFICATION 

hisakaryocytes have been detected in the peripheral blood by 

various techniques. As early as 1922 Minot detected these cells by making 

simple smears and using Olemsa's staining technique. For morphological 

identification, the conventional haematological techniques proved adequate. 

It is possible to confuse various cells of haematopoietic origin, tissue 

cells and cancer cells with megekaryocytes, bet the morphology of the 

latter is very characteristic and identification is simple. The mega 

karyoblasts may give slue to some difficulty, but this can be circumtrented 

by identifying the basophilic and very scanty cytoplasm of these cells. 

With most techniques, the morphological identity of the megakaryocytes is 

well maintained. It is also often possible to identify megakaryocytic 

nuclei in different preparations. The number of these cells in the blood 

is much lower than that of other nucleate elements. It is necessary at 

times to examine several slides before a single msgakaryocyte is found. 

This makes' the technique of Jetecting megakaryocytes in smears very tiring 

and tedious. 

Several authors have mentioned that megakaryocytes are not a 

normal constituent of the blood. This comment would be no surprise when 

it comes from those who tried to find these cells by the smear technique. 

With the development.  of the newer technique of lauko-concentration it is 

now possible to detect megakaryocytes more frequently in the blood of 

normal individuals. In the present series of experiments, intact cells 

were found occasionally in the blood of normal rats, which would have 
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been impossible with the smear technique.. That technique was avoided 

because the chances of missing these cells are very high. Apart from 

maintaining clearer morphology of megskaryocytes, the smear technique has 

not proved superior to any other. The problem of these cells even with 

high megakaryocyte counts is first one of identification and then of 

enumeration. So far inconsistent results have been the main source of 

frustration in any attempt to determine the quantity of these cells in the 

peripheral blood. 

With the leuko-concentration technique, detection end enumeration 

become easier, because it is possible to examine a large volume of blood. 

The morphology of these cells is quite well preserved with the technique. 

The swears are made from unfixed cells. The process itself may be 

detrimental to the cells. Fragility is more marked in megakaryocytes 

(Hume, 1964), because of the eventual formation of platelets by cyto-

plasmic disintegration. The trauma of processing may cause damage to the 

cella, and bare nuclei are usually difficultto identify. In fact, most 

of the publications in relation to circulating megakaryocytes include 

various nuclear segments in the count as fragments of megakaryocyte nuclei, 

as they resembled the bare nuclei of megakaryocytes. It must be realised 

that a clump of lymphocytes, nuclear fragments from osteoclasts and 

nuclear fragments or bare nuclei of other immature haematopoietic cells 

may well resemble the bare nuclei of megakaryocytes or fragments of these. 

Several observers reported the presence of bare nuclei of megakaryocytes 
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only in the peripheral; blood of normal. individuals. In,the case of 

cancer patients, they found intact cells to be very common. It is.reason - 

able not.to accept the.figures of those who included what they thought to 

be nuclear fragments of megakaryocytes in the total .count and incidence. 

In the present study,:fragments of these.cells have justifiably been 

excludtd.from the,ceunt. The technique employed has been that of.leuko - 

concentration. The cells required for examination are.trappedron the 

surfact of millipore filter membranes, having been fixed before filtration. 

The possibility of damaging these cells is practically nil, unlike with 

the buffy.coat technique. Furthermore the total cell concentrate is 

trapped in the nillipore membrane, so that this is a quantitative method, 

which has been lacking so far. The morphology of the msgakaryocytes is 

well maintained when stained with haematoxylin and eosin. This technique 

enabled us to study both the incidence and the total count of megekaryocytes 

in the peripheral blood. 

The plastic sieve technique of Seal (1964) and Romsdahl 11954) 

is equally satisfactory. The histochemical technique described by .  

Jackson always tends to give a higher count, simply because megakaryocytic, 

fragments give the same reaction as intact cells and are counted as such. 

The immunological technique described by Daheille et al. (1962) is also 

satisfactory in detecting these cells and their parts. The incidence could 

be more precisely established. As far as the total count is concerned, • 

this technique is of no advantage, because parts or fragments of mega- 
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karyocytes fluoresce in the same.way as intact:cells. But detection is 

very precise and the technique is superior to many that have so far been . 

used. 
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Cytogenetica and Cytokinetics .  

Megakaryocytes as a bone marrow eleMent were first discovered by 

Robin in 1849. -His idea was that these cells act as lining cells of the 

marrow sinusoids and-develop from there. His findings were soon confirmed 

by.several other. authors. The bone marrow has been the undisputed site of 

development and maturation of-these cells. Aschoff (1893) described the 

embolization of these cells. Accordins to him, substances with positive 

chemotsxis for leukocytes also stimulated amoeboid movement of the meia-

karyocytes.from the bone marrowt .propeiling them through the thin walls of 

small vessels and capillaries into-the blood stream. Most of these migrants 

.are arrested in the lungs and mechanically stripped of their cytoplasm 

in the narrow and tortuous capillaries (Aehenbach, 1949). Foe expressed 

this view much earlier (1899). Only a few pass through the pulmonary 

capillaries and lodge in other organs. This idea was also expressed by 

Lubarach (1893). A controversy about the origin of these cells started in 

1937 when Howell and Donohue observed giant cells in the pulmonary tissue 

And found more platelets in the pulmonary veins than in the arteries. They 

concluded that megakaryocytes were generated in the lungs. This view was 

quickly challenged by other investigators (Jordan, 1940; Fidler and Waters, 

1941). Later studies showed that megakaryocytes aro alvost always present 

in the lungs of both humans and animals. Infection and other conditions 
megakaryocyte 

involving increased/formation have also been associated with an increase 

in the number of pulmonary megakaryocytes (Sharnoff, Kin, 1958; Orbison, 
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Laipply, 1945). Riechard, Kauffman et al. (1965) carried out experimental 

studies and concluded that these cells do not originate in the lungs, but 

are carried to the lungs in the venous blood. They further noted that 

surgery is a potent stimulant to megakaryocyte production. Postoperatively 

the number of these cells in the lungs had increased significantly.. 

Lengemann (1901) stated that softening of the hone marrow 

through hyperplasia, hyperaemia and haemorrhage is responsible for the 

mobilization of megakaryocytes. This "Mjelokinesis", as he designated it, 

may be experimentally valid, but cannot be applied to clinical experience 

(Schwarz, 1955), for most of the conditions accompanied by megakaryocye . 

*abolizatioa show only slight changes in the bone marrow, or none at all 

(Schwarz* 1956). The blood of normal individuals also contains megakaryo-

cytes. Foa (1899) posed the question whether the pathological instance 

should not be regarded as the mere exaggeration of a normal occurrence. 

Schwarz (1954) suggested that this event, the mobilization of megakaryocytes, 

should be considered as of physiological significance rather than an aimless 

epiphenomenon. He also suggested that in the search for megakaryocytes, 

blood from the right auricle, obtainable during routine cardiac catheteri-

zation, might also throw some light upon the subject. 

Apart from the pulmonary origin of megakaryocytes, other extra-

medullary' sites have also been suggested (Bushnell and Hall, 1906; 

Hagedorn, 1926; Downey et al., 1930; Anagnostu, 1933; Jordan, 1941; Japa, 

1943; Kopec, 1943; Churg et al., 1944; Taylor Simpson, 1950; Schwarz, 1954). 
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In the bone marrow, either cells of the reticulum (haemohisdbblasts) or 

the myeloblasts (haemocytoblasts) or both are at present regarded as, the 

ancestor. of megakaryocytte (Schwarz, 1955).. In ectopic sites, either 

fixed cells or myeloblasts have been claimed as the parent cells. In 

the first case, the extramedullary cells would. beaxclUsitrely autochthonous, 

in the seconds,_ the'myeloblasts may either have arrived by way of the 

blood stream or have formed ideally through metaplasia, but the trans-

formation itself would always proceed in the ectopic site. SchWarz has 

accepted a variable origin and formative process for a cell morphologically 

and functionally as defined and specified as the megakaryocyte. A twofold 

origin from the reticulum and the myeloblast is not quite incompatible 

with the statement because of their close position in the genetic line 

(Schwarz, 1956). Cosa-Bianchi (1921), Di Guglielmo (1928) suggested 

that these cells might originate through direct fusion of mononuclear 

precursors. This is inacceptable, because it is the tendency of the intro• 

sinusoidal myeloblasts to agglutination which gives this deceptive 

impression (Schwarz, 1954). Kopac (1943) admits the fixed reticulum as. 

the only source of ectopic megakaryocytest  but the cases reported by • 

Schwarz (1954) suggest a myeloblestic origin. A local transformation 

of myeloblasts from reticulin cells is also possible. 

The transformation of the myeloblast into a cell as specified 

as the megakaryocyte is an instance of differentiation in its strictest 

sense. It is effected by the response of the pluripotent precursor cell 
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to a differentiating factor. In chronic myelosisi.the myeloblast his' 

preserved its competence, whether the case is regarded as reactive or 

neoplastic hyperplasia, because all types of granulocyte* and megakaryo-

cytes are part of the leukaemic population. Zajfeek (1957) carried out 

histochemical studies of the localization of acetylcholinesterese and 

concluded that the erythropoietic and megakaryocytic• systems derive from 

a cell of common origin. This has been confirmed by autoradiographic' 

studies (Tempka et ALI  1965). It therefore appearS that the precUrsors 

of megakaryocytes are still the subject of dispute. 

'Higakaryocytosis occurs either in the presence of an.unusually 

powerful local or diffuse differentiator, or through an increased 

propensity on the part of the cells to respond to the magakeryocyte 

differentiator. Perhaps the same factor may be responsible for the 

increase of circulating megakaryocytes in cancer cases. The increase is 

stimulated by the presence of a tumour, not essentially directly by any 
it 

tumour product. When tumour extract was used in the experiments,/probably 

had the saws effect on the negakaryocyte differentiator, and'prOduced 

a marked increase in the incidence of megakaryocytes in the blood and 

spleen. The detection of the megakaryocyte: stimulating factor in the 

blood by Stienberg end Chang (1965) supports this idea. 

As regards a local tissue factor which:enhances megakaryocytosis, 

the only information on this seems to come from Klemperer (1938). 'Ha 

found an accumulation of megakaryocytes in a leukaemic spleen in the 
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neighbourhood of an orawlic infarct, and also in two instances., of 

thrombosis ;of the portal and aplenic veins in non-leukalarle persons. 

A. similar idea :was also put forward by Rothermel, giving anietnia as a 

possible triggering factor (1930). .But Schwarz (1954). reported a whole 

series of Via!, where Wastes bed :developed in the spleen, but no. relation 

between the infarcts, and. the;  location. of !nog slut ryee)le * was demonstrable. 

estoppel (1966) detected rflegalcaryocytes in the spleen after injection of 

tumour extract, but their distribution appeared colpletelyunrilated 

with the ischaemia or infarctions In the. first of his cases, Salivate . 

(1954) noticed numeronsmegakaryocytes is the hyperaemic lymph nodes and 

this clearly rules out that hypothesis. 



Hypertrophy and hyperplasis, excluding neoplastic growth, are 

linked with functional stress. It is necessary to know cellular function 

in order to understand cellular reactions and their causes. Conversely 

in the absence of such knowledge, the circumstances of a reaction may 

give a hint of the role of a cell in the body. 

The response of other cell components of the blood and bone 

marrow has been studied, and some definite biological activity of these 

cells could be detected. Polycythaemia in response to hypoxia, reticulo-

cytosis to high altitude and hypoxia (Toffee, 1966). Anaemia with 

abnormalities in erythrocytes has boon well documented, and so have 

neutrophil leukocytosis in infections; neutrophil leukopenia with chronic 

protosoal diseases, some specific bacterial infections such as typhoid 

fever and brucellosis, and drug reactions; lymphocytosis with chronic 

infections; lymphopenia after whole body irradiation and the exhibition 

of ACTH. In addition, monocytosis has been associated with protosoal 

infections like malaria, biiharsiasis and leiehmaniasis; sosinophilia 

with atopic hypersensitivity and belminthic infestation; plasma cells or 

plasmacytosis with rubella. measles and chicken pox (Weber and Israel, 

1966). All these cells respond to thessogecific conditions with some 

specific function, like phagocytosis, antitoxic or immune response. None 

of these functions are known to be performed by megakaryocytes. In the 

present study there hat been no evidence to suggest that the megakaryocytes 
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are Capable of phagocytosis in the way that neutrophils or macrophages are. 

In the series of experiments with different skin grafts, the incidence 

of circulating megakaryocytes showed no increase, whether auto-, home• or 

heterografts were involved. Nor did biopsy from the site of rejection 

Show any evidence of megakaryocyte infiltration, while lymphocytes are 

known to infiltrate under these circumstances. A review of the available 

literature providedno indication of megakaryocytes being associated with 

hypersensitive reactions. Nor has any antitoxic reaction of these cells 

been reported. The results of the present study have shown that mega-

karyocytes increase in the blood after injections of tumour tissue extract, 

so that they may be involved in neutralising the effect of the extract. 

But it is also probable-  that the tumour tissue extract and/or the serum 

factor acts on normally circulating megakaryocytes and alters their 

fragility, thus producing the increased incidence. Nalothane reduces the 

fragility of megakaryocytes by hardening their cell membranes (Bruce et at., 

1966). It is not yet known whether this substance increases the number of 

megakaryocytes in the blood. In this study ether has been used for 

general anaesthesia, but no increase in the incidence of circulating 

megakaryocytes was observed after giving general anaesthesia to rats. 

So far the only known function of the megakaryocytes is platelet 

formation. Platelet production and its participation in the clotting 

mechanism is a well established fact. The normal organism has many 

precautions to prevent clotting, so that it only occurs under abnormal 
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conditions like inflammation, embolism end bleeding. Few data ors 

available on the relation between the platelet count and the incidence 

of circulating megakaryocytes. Hsgakaryocytosis vas not found to be 

associated with a nigh platelet count (Scheer*, 1954), and subnormal and 

even decidedly low counts have been reported in such cases. The mega-

karyocyte level in the spleen frequently surpasses that of the bone 

marrow (Cataes et al., 1966). Downey and Wordland (1933) reported on 'a 

patient with a spleen highly infiltrated with megakaryocytes and no rise 

in the thrombocyte count, in fact, the count was low. The bons marrow was 

hypocellular. Apparently the extramedullary megakaryocytes do not assist 

in 	maintaining 	the blood platelet level (Schwars, 1958). Spate's 

et al.(1934) suggested that the bone marrow megakaryocytes are in fact the 

real precursors of the blood platelets. This has been supported by 

Hutt (1953). A very interesting observation was made by Firkat and Llampos 

(1922) who found a complete &pleat& of the bone marrow, possibly due to 

exposure to bensol fumes; there was an extensive myeloid metsplasis of 

the spleen, liver and lymph nodes. Although megskaryocytes were the most 

numerous *le ants in the myeloid tissue, platelets were practically absent 

from the blood. 

Frey(1928) regarded spheroid megakaryocytes as inferior where 

platelet formation was concerned. In the present study most of the 

circulating megakaryocytes were spheroid. My distinction between spheroid 

and "polymorphous" megakaryocytes was impossible. This is probably due to 

the fact that the semisolid cell assumes a physical equilibrium when 

suspended in blood plasma. 
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She inactivation of platelet formation.  doss not involve the 

vegetative process, for mitosis was fairly frequently observed ,in adult 

intrasinusoidal megakaryocytes (Frey, 1928; Schwarz, 1955). The fact 

that remnants of megakaryocytes surrounded by accumulated platelets occur 

in the blood doss not oppose the concept that these. cells are a deviation 

from .platelet formation. These structures are mobilised shreds of 

megakaryocytes, that. have performed their function at the original site 

in the tissue. This agrees with the findings in the present experiment 

that the megakaryocyte level in the peripheral blood, is independent of 

the platelet level and in no way associated with platelet production, : 

and that the cells ere to some extent derived from extremedullary sites. 

Moreover, Gautier (1963) considers that platelet formation in megakaryocytes 

is a cyclic phenomenon. 

Paula* (1967) observed that 100% viable megakaryocytes could 
of 

be obtained from the bone marrow/rats after collagenase digestion. It is 

possible that these cells become fragile and form platelets whenever 

necessary,. but are otherwise quite stable. Prisivoit's (1964) observation 

of thrombocytopenia in rats with experimental tumours has no bearing on 

the circulating megakaryocytes. One wonders if this thrombocytopenia is 

due to the reduced fragility of megakaryocytes (Hume et al., 1964), but 

so far there has been insufficient evidence in support of this thesis. 

The fibrinolytic mechanism is activated in cancer patients 

(Dillard and Chanutin, 1949; Tap= et al., 1953; Sirridge et al.. 1958; 
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Nilehn, 1966). This hal been regarded as 'a defensive mechinism'on the 

part of the body, to prevent ,the tumour-from.spreading by inhibiting' 

thrombus formation and subsequent seeding in distant slut:. Thrombocyto-

penia,in malignancy may be explained that,way, as the result-of reduced' 

formation from megakaryocytes. These would be made less productive by 

increasing their stability.,  This is probably controlled by some humoral 

factor,' as Stienberg and Chang (1965) have recently demonstrated the' 

Presence of.some albumin bond-stimulating factor in megakaryocytopeiesis. 

This stimulating factor is mainly involved'in the maturation of mega-

karyocytes and not in the migration of the cells from the' bone'Mairow or 

platelet formation. It is possible that the maturation factor was.. 

unaffected in patients with neoplasms, but that an alteration takes place 

in the factors controlling platelet formation. Prisivoit's observation 

that the blood platelet level was reduced in megakaryocytosis of the bone 

marrow may therefore be valid. In some other throMbocytopenic conditions, 

e.g. thrombocytopenic purpura, abnormal basophilic, &granulated mega-

karyocytts end a reduction in numbers.wers noted in the bone 'marrow ,  

(Rosenthal and Erf, 1943). 

In the case of thrombocytopenia following bleeding.and suigiCal 

operations, an increased rate of. maturation'and 'proliferation of these 

cells have been observed. But the obiervatioi of old forms in circulation 

cOuld'not be confirmed in.this experimental 

When animals with tumour have a minimal thrombOotopenia, and 



185 

megakaryocytosis in the bone marrow, compensation for the reduced platelet 

count does not seem apparent (Prisivoit, 1964). It is possible that the 

tumour itself causes proliferation of the bone marrow msgakaryocytss. 

Extramedullary megakaryocytosis is not dependent on the bone marrow 

megakaryocytes, and that is possibly true in their circulating counterparts. 

So far the experimental evidence has been that the incidence of 

circulating megakaryocytes is not influenced by the blood platelet level 

and the bone marrow megakaryocytes. We are now confronted with two 

problems, Outset is the stimulus for these cells to increase, and 2) 

what is the source of these cells. Extramedullary megakaryocytes are 

found in a number of conditions. Experimental myeloid metaplasia may be 

produced by several methods (Sternburgh, 1909; Jeff**, 1921; Dickman, 

1922; Lang, 1930, Morris, 1951). Megakaryocytosis may be seen in the 

extramedullary sites. Apart from being part of the myeloid elements in 

extramedullary tissue, these cells have on several occasions been seen in 

extramedullary sites without being partof the myeloid elements (Ealwars• 

1954; Catayse, 1966). Virchow (1863) observed that these cells do 

proliferate in other sites from emboli of bone marrow. This has been 

seriously challenged and there is sufficient proof to establish its 

fallacy (Sthwars, 1954, 1956). Local formation from mononuclear 

precursors has already been suggested, but that has also been questioned, 

because there is no direct evidence. 

The response of megakaryocytes to the phenomenon of gas exchange 
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has been studied. That is how a link between the megakaryocytes and the 

lung, the only. surface designed for gas exchange between the orgeniam.and 

the atmosphere, was conceived. There is very little on the subject in the 

literature. Tigerstedt (1913) assumed that platelets have a high metabolic 

activity. Such a high metabolic rate presumes ati adequate oxygen supply 

and prompt remove/ of carbon dioxide, so that the lung might be regarded 

as an excellent sit, for such demands. An accumulation of platelets at 

this site, either through increased production or a slower rate of decay, 

would be understandable. Clinical observations supported by-experimental 

findings indicate a relation between impaired venous circulation and local 

megakaryocytosis (Schwarz. 1934). Rosin and Rachmiliwite (1948) made the 

interesting observation that when human bone marrow cultures are kept 

under reduced oxygen pressure all the cells are severely damaged, with the 

exception of the megakaryocytes which alone preserve their normal 

appearance. 

There is no reason to believe that the same fact is also respon- 

sible for megakaryozytaimia in cancer. in that case blood or serum should 

be responsible for this condition. One does not find increased megakaryocytes 

in bypomemic conditions where polycytbammia is seen. No direct study has 

so far been done. But it is possible that the blood oxygen level may 

remain subnormal through increased metabolic activity of malignant tumours, 

though local emceed* is more likely. WO very rarely observed increased 

numbers of megakaryocytes in tumour sections. Hume (1964) 
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suggested that it is possible to get a high incidence of circulating 

magakaryocytes in blood draining the tumour. But she later concluded 

that these cells came from the bone marrow rather than the tumour itself. 

Pruitt and his colleague (1962) also noticed a higher incidence of mega-

karyocytes in the blood.drainiNt the tumour area. If higher metabolic 

activity were the cause for attracting megakaryocytes.to.the tumour area, 

the reverse would be the case. Fewer megakeryocytes are found in the blood 

of the pulmonary vein than that of the pulmonary artery. .But again this 

effect could be due to the mechanical sieving effect of the pulmonary 

capillaries. Relations between the gas exchange and this effect and 

tumours are still difficult to explain. A thorough study should be made 

under various conditions of blood and tissue gas exchange to confirm or 

refute this postulate. 

Megakaryocytasmia as a terminal ilia -of malignant disease has 

been associated with leukoerythroblastic anaemia (Minot, 1922; Whitby, 

1949). But in a considerable proportion of cancer cases no anaemia at 

all is seen (Shen, Homberger, 1951). Extensive bone marrow involvement 

through tumour* may produce a striking haematological effect. This is 

usually leutoerythroblastic anaemia and may be associated with splenomagaly 

and haematopoietic activity in the spleen. Pillar (1965) and his 

associates found that only 37 out of 601 patients (approx. 51) had cancer 

cells in the sternal bone marrow. Anaemia has been seen in patients with 

cancer of the left side of the colon (Lihey, 1939), cancer of the rectum 
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and anal canal (Raven, 1958) and cancer of the stomach (Raven, 1958). 

Patient' with'lung canciemey also preseit'with aiaWmia (Britioi,'1963). 

nut the majority of superficial cancers are'not' associated with anaemia. 

Massie may be seen in cancer of the briast'sind'cancer of the piostate 

because of bone involvement. With disseminated malignant diseases 

haemolytic anaemia may be seen with increased iron turnover and increased 

plasma volume (Lackner, 1960). 

' In the present experiment all the tumours were superficial, and 

careful postmortem examination gave no evidence of bone involvement. In 

the rats of Experiment 1, group b, the incidence of circulating megakaryo-

cytes was high on the 7th day, when the tumour volume was 0.620 cc 

(SD ± 0.273). The increase became statistically significant on the 14th 

day, 'when the mean tumour volume was 5.685 cc (SD+ 1.357). Though no 

assessment of anaemia was done, anaemia was unlikely at that stage, when 

the tumours were so small. Blood smears never showed any abnormality in 

red blood colas reticulocytes and megaloblasts were just occasionally seen. 

Though one finds increased numbers of megakaryocytes in the blood 'of 

patients with advanced carcinoma, and a•Lolankofirythrolitastic anaemia, 

anaemia cannot be associated with this increase in early cases, or even 

after injecting tumour homogenate. But there are still gaps in these 

premises, to prove the validity of my observation. 

The response Of these cells as a result of spleiomegaly has 

been studied by Schwarz (1954). But there has been no report suggesting 
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that the spleen maybe one of the sources of.circulatingmegakaryocytes. 

Splenomegaly has been seen as a result of sepsis, bleeding and other 

chronic conditions (Britton, 1961)6. Extramedullary haematopoietic centres 

were noted, and megakaryocytes have been seen in association with these 

centres. It is possible that under these conditions, the spleent .and 

particularly that of rodents, being a mechanically functioning organ 

(Snell, 1941), discharging its contents into the blood at intervals, 

could be .one source of megakaryocytes in the blood. But Catayee injected 

tumour extracts and found increased megakaryocytes in:the splenic pulp 

even though there was no extramedullary haematopoietic centre in the 

spleen. In the present study, increased megakaryocytes were observed in 

the blood after tumour homogenate injections. Interestingly enough, there 

was also an increase after liver tissue homogenate injections. However, 

this shave that anaemia and megakaryocytaemia when present in neoplastic 

disease are controlled by a different stimulus. 

Paulus (1967) described the megakaryocytes as polyploid cells. 

Polyploidy is common in plants, and normally associated with differentiation 

and inhibition of reproductive mitosis (Palsy, Das, Skoog, 1957; Torrey, 

1958). In megakaryocytes polyploidy may have many additional consequences. 

Some of these are morphological, e.g. the large size of both the nucleus 

and the cytoplasm may be explained by polyploidy. More important, however, 

may be the metabolic and genetic disturbance associated with a high 

chromosome number. As Frankhauser (1952) pointed out, the increase in 
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cell size.could influence the relationships between cytoplasm and nucleus, 

and cytoplasm and environment. In tetraploid.yeilow.cora.the amount of 

carotenoid.pigment per geniis increased. tn,triploid.humansabnormal 

development has also been. observed,. shoving the sbnormal,cumulative,effect 

of .on.extra gene. .Perhaps this, difference in morphology and.coneequently 

in cell physiology renders these cells more prone tomigration from the . 

bone marrow to the circulation, because of their role in the body's, 

reaction to the pathogenesis of neoplasia. 

Puck and Marcus (1956) showed that polyploid colls,are_more 

susceptible to virus accumulation. The same has been,, shown for megakaryo-

cytes (de.Haven, Friend. 1960; Dalton, Law, Moloney, Manakori.1961; 

Jerushalmy, Kaminski, Kohn, de Vries, 1963)., De Haven and his,colleague 

carried out electron microscopic studies. in animals with virus leukaemia 

and found numerous characteristic particles: inside the channels of mega - 

karyocytes which were different from intracellular organelles. If these 

particles are accepted aea morphological representation of oncogenous,, 

agents,, then we have an example of non-malignant cells functioning as a .• 

site of, replication for oncogenous viruses. Magakaryocytes may, have, served 

as a site of virus replication. 

_Paulus described both, platelets and makaryocytes as endocytic 

elements. Platelets have, been described as sponges (Adelson, Rheingold, 

Crosby, 1961). The endocytosis of platelets has been clearly: established 

through electron microscope pictures of phagocytosis (Dsvid7ferroirg, 1964) 
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as well us.of pinocytosis (Bessie, 1955)r In.vitro, endocytic Intervention 

may induce the liberation of ADP and the loss of platelet granules.. In 

vivo it may .lead to,a more prolonged thrombocytopenialTail,. Blvidge, 1926). 

Thrombocytopenia in malignant disease may be ascribed to this phenomenon. 

(frisivolt, 1964).. The megskarypcytes.may be acting like a. mop. and also as 

an endocytic element for.the products of ntoplestic tissue., In the absence 

offfialignant disease their presence in the blood is not essential. ', That is 

why,not ill thrombocytopenic conditions are associated with megakaryocytaemia. 

A process of.microphagocytosis of.virus particles (de Haven et.al.,1960) 

is suggested, rather than a site of virus replication, but the phenomenon.. 

requires confirmation by other investigators. .In fact,. characteristic 

inclusion bodies are aeon in cells,where virus replication takes placer 

But no report so far published refers to any characteristic inclusion 

bodiesin megakaryocytes. 

Minot (1922)(1923), suggested that the:appearance of megakaryocytes 

in the peripheral blood was an indication of the bone marrow being under 

extreme, stress. Recently Maimed (1967) found megakaryocytes and.their. 

fragments in the blood of normal subjects with no changes in the bone marrow. 

Surgery and ACTH injections have been shown to increase the 

number of megakaryocytes in the bone marrow. Hume and her colleague (1964) 

and Pruitt (1964) also noticed a higher incidence of circulating megakaryo-

cytes after surgery, but there is insufficient evidence to link this 

phenomenon, ith the effects of surgery. 
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"Stress" has been said to cause the megakaryocytes to migrate 

from the bone marrow to the blood, but there is no evidence that this 

stress factor is related to the stress response of the adrenal and 

pituitary axis. In the present study, no significant alteration in the 

incidence of megakaryocytes was observed after removing the suprarenal 

glands from both normal and tumour-bearing rats. Nor did any differences 

become. apparent when such rats were given cortisone. Some changes were 

observed in adrenalectomised rats injected with tumour homogenate. The 

increase was low, but statistically significant. This clearly proves that 

tumour products are either directly or indirectly involved in causing the 

migration of megakaryocytes. And the megakaryocytes are cells which for 

some biological reason respond to neoplastic growth. 

One should be aware of the fact that a definite response of 

megakaryocytes is associated with neoplastic oonditions. If the incidence 

of circulating megakaryocytes is increased in the absence of any clinical 

signs, the possibility of an occult neoplastic condition should be 

considered. , 

In the study of circulating cancer cells, care must be taken to 

distinguish these cells from circulating megakaryocytes. Earlier 

investigators did find up to 52% of cancer cells in the peripheral blood,. 

but these figures decreased when more became known of various other 

haematological responses to tumours. 
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CObiCLUSIONS 
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The incidence of circulating megakaryocytes is greater in 

Wistar rats bearing Walker tumours than in normal rats. It increases in 

direct relation to the volume of the tumour. Surgical trauma and general 

anaesthesia do not affect the incidence of msgakaryocytes in the blood of 

Water rats. Subcutaneous injections of the bland substances *racists oil 

and normal saline also have no effect. Subcutaneous injections of 

turpentine produce vanulomatous ulcers, but do not affect the incidence 

of circulating megakaryocytes. The ulcers produced by injections of 

turpentine were left open and it was possible for them to become infected. 

It was found that these open grennlomatous ulcers did not affect the 

incidence of circulating megakaryocytes. 

Laparotomy, ACTH injections following laparotomy and ACTH 

injections without laparotomy had no effect on the incidence of circulating 

megakaryocytes. It is of interest that other investigators have 

demonstrated that in the bone marrow the number of megakaryocytes increases 

after injections of ACTH and after surgery. 

The present study had shown that the suprarenal glands have no 

direct effect on the incidence of circulating megakaryocytes. It is 

assumed that ACTH injections cause increased secretion of cortisone from 

the suprarenals. Normal rats infected with ACTH showed no increase in the 

incidence of circulating megakaryocytes. However, when adrenalectonixed 

rats were injected with Walker tumour homogenate and cortisone, the 

incidence of circulating megakaryocytes was higher than in a group of 

adranalectomized rats who bad received Walker tumour 
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homogenate only. This suggests that a factor other than tumour, tumour. 

homogenate and cortisone secreted in the rat's organism may be responsible 

but that injected cortisone causes an increase. If the infected cortisone 

is not the cause ,then the activity of this other factor appears to be 

increased by a tumour or by tumour tissue homogenate, and heightened 

further by injections of cortisone. 

Apart from tumour homogenate, liver homogenate from normal rats 

Is also capable of increasing the incidence of circulating megakaryocytes. 

This may be due to a product of cell division, a phenomenon common to both 

tumour and normal tissue. Other investigators have already demonstrated 

a serum protein factor which increases the number of megakaryocytes in the 

bone marrow without altering the blood platelet count. It is not yet 

known whether the same factor is responsible for the increased incidence 

of circulating megakaryocytes. If the effect is produced by a tumour 

factor, it may be assumed that the liver of rats also contains this factor, 

Although in a lesser concentration. Other workers have demonstrated that 

the protein content of tumour tissue is similar to that of the kidney and 

spleen in mice. In this study it has been observed that liver as well as 

tumour  homogenate from rats produces an increase in the incidence of 

circulating megakaryocytes, whereas spleen homogenate does not. This 

shows that tumour and liver homogenate have some similar effect. 

In both normal rats and rats with tumours, the incidence of 

circulating megakeryocytes is in no way related to any changes in the 

blood platelet level. 
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When normal rats were treated with'irradiation and•cancer 

chemotherapeutic agents, the incidence of circulating megakaryocytes was 

not affected and was comparable to that of normal rats given no treatment. 

Rats with tumours given irradiation and cancer chemotherapy showed the 

increase in-circulating megakaryocytes which is normally seen in rats with 

tumours given no treatment. This demonstrates that megakaryocytes are 

sensitive to tumour tissue or its products, but not to the effect of 

irradiation or cancer chemotherapy. 

The nature of the immune response to tumours is not yet under 

stood, but it has bein suggested by other workers that there is some 

similarity between the immune response to tumours and that to skin grafts. 

In this study the immune reaction produced by skin grafts did not affect 

the incidence of circulating megakaryocytes. 

Circulating megakaryocytes derive'primarily'from the bone marrow. 

In the present study it has been shown that in advanced stages of Walker 

tumour in Wistar rats the spleen also contributes to the increased 

incidence of these cells in the blood. 

So far we know that the function of megakaryocytes is to form 

blood platelets. In this study it has been observed that the incidence 

of circulating megakaryocytes increases in rats with - transplant tumours. 

This increase may be due to the effect of the tumour or its products, or 

possibly megakaryocytes are active against the tumour products and this 

causes their increase. 
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These findings would suggest that in humans,. the.  

of an occult neoplasm should be considered if the megakaryocytecount 

in the peripheral blood continues to be positive in the absence of any 

clinical Avis,. 
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,SUcznerY, 

1. The incidence of circulating megakaryocytes is significantly higher 

in Wistar rats with Walker 256 tumours than in normal rats. 

2. The incidence - of circulating megakaryocytes is directly proportional 

to the volume of the tUmeur. 

3. General anaesthesia and surgical trauma have no effect on the incidence 

of circulating megakaryocytes. 

4. Aradhis oil and normal saline, injected subcutaneously, have no effect 

w the incidence of circulating megakaryocytes. 

5. Thi irritant substance turpentine, injected subcutaneously, produces 

granulomatous *deers, but this apparently has no effect on the incidence 

of circulating megakaryocytes. 

b. Subcutaneous injections of adrenocorticotrophic hormone and Rheomacrodex 

(Dextran &MI 10 0, NaCI 0.9 0, water for injection 100 pl.) have no 

effect on the incidence of circulating megakaryocytes. 

7'. When Rhsomacrodexor ACTH are injected after laparotomy, the incidence 

of circulating megakaryocytes is net significantly changed. 

8. Complete excision of the tumour reduces the incidence- of megakaryocytes 

in the blood, which had originally increased after the tumour transplant. 

9. Partial excision of the tumour is_followed by a temporary drop inthe 

incidence of circulating megakaryocytes, but later it continues to 

increase as the volume of the tumour increases. 
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10. Subcutaneous injections of tuiuour tissue homogenate also increase 

the incidence of circulating megakaryocytes. 

11. Injections, of a homogenate of liver tieaue fromnormal:rats increase 

the incidence of circulating -.. megakaryocytee,.but the level of 

significance is much lower in this case thin with tumour tissue. 

12. Homogenates of muscle, and, splenio tissue of rats injected subcutaneously 

- seem to have no effect on the incidence of circulating megakaryocytes. 

13. In normal rats, bilateral adrenalectomy appears to have no effect on 

the incidence of megakaryocytes in the blood.',. 

14. When rats who have undergone bilateral adrenalectomy are given tumour 

transplants, the incidence of circulating megakaryocytes increases in 

a similar way as it does in rats with tumours who have not undergone 

this operation. 

15. The incidence of circulating megakaryocytes is slightly higher in 

the group of adrenalectomized rats with tumours who were given injections 

of corticosterone. But this incidence is still in the same range as 

that of rats with tumour only. 

16. When adrenalectomized rats are given injections of Walker tumour tissue 

homogenate, the incidence of. circulating megakaryocytes is significantly 

higher. 

17. When adrenalectomised rats are given injections of Walker tumour 

tissue homogenate and of cortisone, the incidence shows an increase 

which is slightly higher than that seen in adrenalectomized ratsigiven 

tumour tissue homogenate only. ' 
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13. In normal rats, aplenectomy has no effect on the incidence of 

circulating megakaryocytes. 

19. In rats with tumours, splenectomy apparently.  does not affect the 

incidence during the earlier stages of tumour growth. During the 

later stage of, tumour growth, the group shows alower.incidence. 

20. Immune reactions produced by skin homografts.and heterografts have 

no effect on the incidence of circulating megakaryocytes. 

21. In normal rats, irradiation and cancer chemotherapy does not affect 

the incidence of circulating megakaryocytes., 

22. When rats with transplanted tumours are treated with irradiation and 

cancer chemotherapy, the increase in the incidence of circulating 

megakaryocytes is comparable to that observed in the group-of untreated 

rats. 

23. Haemorrhages do not affect the incidence of circulating megakaryocytes 

in the blood. 

24. The withdrawal of blood causes an initial drop in the blood platelet 

count, which is followed by a rise to up to 180 to 200 percent of 

the initial count by the 3rd to 5th day, and return to the normal by. 

the 9th to 12th day. 

25. The blood platelet level shows no relation to the incidence of 

circulating megakaryocytes. 

26. In rats with transplant tumours, the blood platelet level remains 

on the low side of the normal range, or !slightly below the normal. 
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27. A serum factor has been postulated, which is respensible'for . the 

increased incidence of circulating megakaryocytes. This factor may 

be activated or stimulated by the products or secretions of the tumour, 

and it 'may be a protein. 

28. This activator is not unique for malignant cells, but may be cannon 

to ill dividing cells. It is probably present in the liver cells of 

Wistar rats and in the spleen and kidney of mice. 

29'. When studying malignant cells in the blood, care must be taken to 

differentiate these from circulating megakaryocytes. 

X. The presence of intact megakaryocytes in the blood of human patients 

might indicate au occult neoplastic condition. 
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APPENDIX 

Data from which figures and tables in the 

chapter of "Experklents and Results" were 

drawn. 



Croup a Group b 

No Treatment Transplanted 
Walker Tour 

OMB 

MID 

••• 

MED OEM 

low ••• ••• 	 ••• 

No. of 
rats 

0 7 14 21 
dare days days days 

0 7 14 21 
days days days days 

- IMP 

• 
- - (2) 

4WD 

- (2) (1) (3) 
• + 

- - (3) (4) 
• 

- - (2) 
+ 

(2) 
••• 

+ + 
- (1) (4) (7) 

+ 
- - (6) 

APO 

▪ + _ 
(2) (7) 

▪ + + 
(1) (3) (9) 

+ + 
- - (6) (4) 
- _ 

- (4) 
+ + 

- - (2) (10) IMP 

• 

+ + + 
(3) (5) (8) 
+ + 
(3) (4) (8) 

- - (3) 
+ + 

- (4) (5) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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APPENDIX 

(Number in parenthesis represents real cell count) 



EXPERIMENT 2 
	

APPENDIX 2 

Group a Group b 

General Anaesthesia General Anaesthesia 
Laparoteuy 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Oft. 

011D 

dem 

MI, 

•10 

IMP 

1111111. 

AIM 

40i. 

dimml 

(2) 

- 

NE* 

aft 

.,* 

MW 

WIIM 

+ 
(1) 

IMP 

MO 

... 

aMk 

• 
(2) 

(1) 

11111111 

•••• 

OW,  

+ 
(2) 

aOr 

••• 

Ong 

- 

MN* 

+ 
(2) 

400 

•••• 

- 

••• 

••• 

- 

(1)  

MM. 

• 
(2)  

- 

IMO 

•M• 

0110 

1•114. 

Min 

(2) 

.110. 

inn 

(1) 

(Number in parenthesis represents real cell count' 



EXPERIMENT 3 	APPENDIX 3 

Group a Group b Croup c 

Subcut Turpentine Subcut Normal 
Saline 

Subcut Arachis Oil 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

1 

2 

3 

5 

6 

. 	7 

9 

- 	- 	* 
(3) 

• * _ 	_ 

- 	_ 

- 	••••• 	 OW 	•••• 

OOP 	ONO 	O. 	*WO 

- 	- 	- 	- 

OM 	— 	— 
	 MO 

• 
(2) 

• _ 	- 
(1) 

'... 

.4, 	•••• 	 ', 

+ 

- 

(2) 

( 1) 

_ 	.olo 	OM 	••• 

* 	 * 	 * 

- 	(1) 	(2) 	(2) 

— 	OM 	MO 

OW 	— 4=. 	4.1 

( 1) 

(Number in parenthesis represents real cell count) 
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APPELIDEC 4 

Group a Group b Group c Group d 

Subcut Rhaomacrodaz Subcut ACTH Laparotosy & 
Subcut Rbsomacrodaz 

Laparotomy & 
Subcut ACTH 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

1 

2 

3 

5 

6 

7 

8 

9 

10 

	

+ 	_ 
(1) 

* 
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- 	- 	• 	• 

	

(1) 	(2) 

. 	.4* 	 ONO 	 0. 	 m. 

OM 	 •••• 	 •••• 	 .1. 

- 	- 	- 	- 

_ 	_ 	+ 
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_ 	+ 
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- 	- 	- 	- 
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.• 	 •••• 	 OW 	 MO 

m. 	 W. 	 .0 	 mm 

'" 	 "' 	 ''' 	 '' 
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- 	• 	* 
(2) 	

_ 	
(1) 

	

+ 	+ 

.0. 	 ..• MN OM 

	

—
••• 
	

—•Mi 

	

—
Mm 
	 —

m. 

40. 	 agm 	 .0 
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* 	 * 
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	 —
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* 	 * 
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(Number in parenthesis represents real cell count) 



EXPICRIMENT s 	 APPENDIX 5 

Group a Group b Group c 

Excision of Skin Complete Excision 
of Tumour 

Partial Excision 
of Skin 

No. of 
rats 

0 	7 	14 	21 	28 	50 
days days days days days days 

0 	7 	14 	21 	28 	50 
days days days days days days 

0 	7 	14 	21 	28 
days days days days days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 	- 	- 	- 	- 	+ 
(2) 

- 	- 	- 	- 	- dead 
+ 	• 	• 	• 	_ 
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• + _ 	
(2) 	(1) 	

- 

••• 	V./ 	 ••• - 	- 	- 
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* 
(1)  dead 

• 
(2) 

+ 	• 	• 
(1) 	- 	(3) 	(2)  dead 

(Number in parenthesis represents real cell count) 

Continued/.... 



EXPERIMENT 5 	(Coatinued/....) APPENDIX 5 

Group a Group b Grorup:.c 

Excision of Skin Complete Excision 
of Tumour 

Partial Excision 
' 	of Skin 

No. of 0 	7 	14 	21 	28 	50 0 	7 	14 	21 	28 	50 0 	7 	14 	21 	28 
rats days days days days days days days days days days days days days days days days days 

11 
• • 	+ 	• 
(1) 	(1) 	(1) 	(2) 

• • 	• 	• 
- (1) 	(1) 	(1) 	(3) 
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- 	- OM 	 OM 	 em 	+  4. 
(2) 	(6) 	
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13 
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20 (5) 	(2) 

(Number in parenthesis represents real cell count) 



EMMERT 
	 APPENDIX 6 

Group a Group b Group c Group d 

Subcut Injection 
of Walker Tumour 

Homogenate 

Subcut Injection of 
Muscle Homogenate 

Subcut Injection of 
Liver Emogenate 

Subcut Injection of 
Spleen Homogenate 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 
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(dumber in parenthesis represents real cell coma) 
Continued/.... 



MERIMENT 6 
	

(Continued/....) APPENDIX 6 

Group a Group b Group c Group d 

Subcut Injection of 
Walker Tumour 
Homogenate 

Subcut Injection of 
/fusels Homogenate 

Subcut Injection of 
Liver Haeogenate 

Subcut Injection of 
Spleen Rusogenate 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

11 

12 
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19 

20 
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(ftiber in parenthesis represents real cell count) 



EXPERIMENT 7 
	

APPENDIX 7 

Group a Group b Group c Group d Group e 

Bilateral 
Adrenalectomy 

Bilateral 
Adrenalectomy and 

Transplanted Tumour 

Bilateral 
Adrenalectomy, 

Transplanted Tumour 
and Injected 

with Corticosterone 

Bilateral 
Adrenalectomy and 

Walker Tumour 
Homogenate 

Bilateral 
Adrenalectomy, 

Tumour Homogenate 
Subcut and Subcut 
Corticosterone 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

1 

2 
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4 
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9 

10 
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* 	 * 	 * 	* 
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- 	- 	
+ 	• 
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+ 	+ 	+ 

- 	- 	- 

- 	- 	- 	- 
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+ 
(7) 
* - 	_ 	- 

(11) 

- 	- 	+ 	+ 
(1) 	(1) 

_ 	+ 	+ 	+ 
(1) (3) 	(3) 

+ 
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- 	- 

- 	- 	- 	- 

 + 	+ 	+ 
(2) (2) 	(4) 

+ 
- 	- 	- 	(2) 

+ 	+ 
•••• 	 NM 

(2) 	(4) 
+ 	+ 	+ 

- 	(3) 	(2) 	(3) 
_ 	+ 

(5) 

- 	- 	- 	_ 
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.1.• 	••• 	 ••• 	 ... 

* 	 * 	 * 	 * 

(2) 	(4) 	(5) 	(9) 
- 	+ 	• 

(2) 	(4) 

(Number in parenthesis represents real cell count) 	
Continued/.... 



EXPERIMENT 7 	(Continued/....) 	APPENDIX 7 

No. of 
rats 

Group a 

Bilateral 
Adrenalectomy 

Group b 

Bilateral 
Adrenalectomy and 

Transplanted Tumour 

Group c 

Bilateral 
Adrenalectomy, 

Transplanted Tdmour 
and Injected 

with Corticosterone 

Group d 

Bilateral 
Adrenalectomy and 
Walker Amour 
Homogenate 

Group s 

Bilateral 
Adrenalectomy, 

Tumour Homogenate 
Submit and Bobcat 
Corticosterone 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

- 	- 	- 	- 

- 	- 	.0 	 ••• 

- 	- 	- 	- 

''' 	 .... 

_ 	_ 	+ 	+ 
(3) 	(4) 
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- 	+ 	+ 	+ 
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- 	- 	- 	+ 

_ 	+ 	+ 	+ 
(1) 	(3) 	(9) 

++ 

(5) 
 

+ 
- 	- 	- 	

(5) 
+ 

... 	

( 1  ) 

+ 
(2) 

+ 	+ 	+ - - 
(4) 	(2) 	(4) 

_ 	+ 	+ 	+ 
(3) 	(4) 	(3) 

_ 	+ 	+ 
(2) 	(1) (10) 

++ 

- 	- 	(5) 	(2) 
 

- 	- 	+ 	+ 
(2) 	(7) 

- 	- 	+ 	+ 
(4) 	(1) 

(2) 

- 	
+ 	+ 	+ + 
(2) (3) 	(4) 
- 	- 	

+ 
(1) 

- 	- 	- 	- 

- 	
+ 	+ 	+ 
(3) (5) 	(7) 

_ 	- 	- 	+ 
(3) 

*+ 

+ 
4•• 	 OM 	 M. 

(1) 
_ 	- 	- 

(1) 
- 	+ 	+ 	+ 

(2) 	(7) 	(5) 
+ 	+ 

- 	(2) 	(6) 	(4) 

- 	
+ 	+ 	+ 
(5) 	(9) 	(7) 

_ 	+ 	+ 	+ 
(4) (2) 	(8) 

- _ 	••• 
	

- 

+ 	 + 
- 	- 	(1) (11) 
- 	- 	+ 	+ 

(1) 	(3) 

(Number in parenthesis represents real cell count) 
to) 
0 



Group * 

Splenectomy 

Group b 

Splenectomy & 
Transplanted Tumour 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

No. of 
rats 

0 7 14 21 
days days days days 

0 7 14 21 
days days days days 

4E0 	* 	* 	* 

* * * * 

* * * * 

• 
(1) - 
*+ 

- (2) (1) - 
+ 

(2) 
WIEN 	 •••• 	 ONO 

mois 

* * * * 

Mdp 	 * 	 * 	 * 

* OW 010 * 

••• 

+ 
- (1) (4) (6) 

• MO 

MM. 

(5) (9) 

(1) 
+ 
(3) (6)  
• + 
(7) (7)  

EMI 

+ + 

IMO 

+ • 
(2) (2) 

(1) 
+ 

(3) (3) 

(2)  
+ 
(3)  

+ + 
- (2) (1) 

IMF 

OM, 

* * * * 

* * * * 

war * * * 
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EXPERIMENT 8 	APPENDIX 8 

(Number in parenthesis represents real cell count) 



EXPERIMENT 9 
	

APPENDIX 9 

Group a 

Normal Bleeding 

Group b 

Tumour with 
Bleeding (a) 

Group c 

Tumour with 
Bleeding (b) 

No. of 0 	1 	7 	21 0 	1 	7 	21 0 	1 	14 
rats days days days days days days days days days days days 

1 - 	- 	- 	- + 	+ 	+ 
(1) 	

_ 	
(2) 	(3) 

- 	
+ 	+ 
(1) 	(7) 

2 - 	- 	- 	- 
+ 	+ 	* 	+ + 	* 
(6) 	(2) 	(1) 	(7) (3) 	(2) 

3 -- 
	- 	- + 	+ 

(2) 	(11) 
+ 	+ 
(2) 	

_ 	
(10) 

+ 	+ + 
4 - 	(1) 	(2) 	- (2) 

5 - 	_ 	+ 	+ 
(7) 	(6) 

_ 	+ 	+ 
(2) 	(6) 

(4) 
- 	••• 	00 	 41011 

+ + 
7 ow 	sm 

(6) 

8 - 	- 	_ 	_ 
+ 	+ 	+ 	+ 
(2) 	(3) 	(4) 	(8) 

+ 	+ 	+ 
(5) 	(6) 	(10) 

9 - - + 	+ 	+ 
(4) 	(4) 	(5) 

+ 	+ 	+ 
(4) 	(2) 	(9) 

10 - 	- 	- 	+ + 	+ 	+ + 	+ 
(1) (6) 	(3) 	(1) (1) 	(1) 

(Number in parenthesis represents real cell count) 



EXPERIMENT 10 
	

APPENDIX 10 

Group a 

Skin Autograft 

Group b 

Skin Homograft 

Group c 

Skin Haterograft 

No. of 
rats 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days Allays 

1 - - 
• 

* * • * 
2 

- (2) (1) (3) 
- 

(3) 
- - - 

3 - - - - - 
(1) 

4 - 	- - - - - - - (2) 

- 
- - _ 

• 
- 5 - 

	
- 

(1) 

VW WV 

* 

_ 	- - - - _ - _ 4. 
7 

(1) (3) 
8 - 	- - - - - - - 

9 - 	- - - VW ••• We WO WW VW 4,0 VW 

10 - 	- - - - - - - - - - - 

11 - 	- - - - - - - - 

12 - 	- - - _ _ _ • 
(1) 

• 
 (3) 

• 
(4) 

* 
(1) 

(Number in parenthesis represents real cell count) 
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No. of 
rats 

Group a 

Whole Body 
Irradiation 

Group b 

Intraperitoneal 
Injection of 
Mathotremate 

Group c 

Irradiation 
of Tumour 

Group d 

Treatment by 
Methotrexate in 
Rats with Tumour 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 	28 
days days days days days 

0 	7 	14 	21 	28 
days days days days days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

••• 	 01. 	 WM 	 om 

- 	_ 	.... 	 *N. 

_ 	- 	.1S, 	 amp 

OM 	 •••• 	 — 
	 •••• 

m.1, 	 ••• 	 ••• 	 WO 

- _ 

+ 	+ 
- 	- 	(3) 	(3) 

+ 
- 	"" 	

+ 
 (3) 	(5) 

••• 	 OM 	 •••• 	 •••• 

• • 
(2  ) 	(2) 

,M. 	 am 	 vie 	 ..11. 

''. 	 '". 	 ''' 	 ""' 

+ 	• 
- 	- 	(1) 	(1) 

• + _ 	_ _ 
(3) 	(4) 

- 	- 	- 	- 

%Mr 	 vom 	 •• 
	 — 

• 
(2) 

+ 	+ 	+ 	+ 
''' (3) (2) 	(2) 	(4) 

. 	 + 	 + 	 + 
on 

(1) (1) 	(3) 	(1) 
+ 	+ 

(1) 	(2) 
+ 	+ 	+ _- 

(4) (4) 	(5) 
- 	

4' 	4. 	4. 
(2) (1) 	(7) 

+ 
... 	 '.. 	 ''' 	 (2) 

+ 	+ 
(2) 	(5) 

• + 	+ 	+ 
- 	(2) 	(2) 	(5) 	(3) 

+ 	• 	• 
(1) 	(2) 	(4) 

, o. 	 MO 

+ 	 + 	 + _ 	_ 	
(4) 	(7) 	(3) 
+ 	+ 	+ - 	_ 	

(1) 	(1) 	(6) 
+ 	+ 	+ - 
(5) (9) 	(11) 

+ 	+ 
(5) 	(9) 

• • 	• 
- 	(7) (4) (3) 

+ 	• 
- 	(6) 	(5) 

(Number in parenthesis represents real cell count) 

Continusd/.... 
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(Continued/....) 
	

APPENDIX II 

No. of 
rats 

Group a 

Whole Body 
Irradiation 

Group b 

Intraparitoneal 
Injection of 
Methotrszats 

Group c 

Irradiation 
of Tumour 

Group d 

Treatment by 
Mathotrezate in 
Rats with Tumour 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 
days days days days 

0 	7 	14 	21 	28 
days days days days days 

0 	7 	14 	21 	28 
days days days days days 

11 

12 

13 

14 

15 

- 	- 	- 	-. 

Mr 	 MO 	 NM 	0.4/ 

MA 	 MA 	 OM 	AM 

+ 
- 	- 	- 	

(1) 

_ 	_ 	_ 	_ 

MD 	AM 	.4= 	MO 

* 
AM 	OM 

(I) 	
_ 

+ 	+ 
- 	(2) 	(2) 	'''' 

_ 	+ 
(4) 

_ 	_ 	+ 	+ 	+ 
(1) 	(1) 	(3) 

• 
(2) 

+ 	+ 	+ 
MA 	44. 

(1  ) 	(5) 	(3) 
- 	+ 	• 	+ 	+ 

(2) 	(3) 	(4) 	(2) 

- 
	+ 	+ 	+ 	+ 

(3) 	(3) 	(3) 	(7) 
• • 	• 	• 

- 	(1) 	(5) 	(8) 	(4) 
+ 	+ 	+ 

(1) 	(9) 	(2) 
+ 	+ 	+ 

- 	(4) 	- 	(5) 	(7) 
+ 	+ 
(3) 	(3) 

(Number in parenthesis represents real cell count) 



EXPERIMENT  

PLATELET COUNT  

APPENDIX 12 

   

No. of 
rats 

1 

Day 0 

780 

Group a 
in Thousands 

	

Day 1 	Day 7 

	

800 	1,842 

Day 21 

1,000 

Day 0 

700 

Group b 
in Thousands 

Day 1 	Day 7 

680 	800 

Day 21 

872 

Day 0 

980 

Group c 
in Thousands 

	

Day 1 	Day 7 

	

670 	1,011 

Day 24 

586 

2 920 480 1,622 990 458 548 724 620 810 558 999 771 

3 610 510 1,390 878 590 610 798 550 1,000 780 978 997 

4 690 400 1,364 1,100 650 480 956 700 780 520 832 660 

5 554 390 1,550 900 498 530 624 530 570 386 485 522 

6 780 480 1,420 724 586 638 960 692 688 704 621 610 

7 1,110 734 1,210 866 688 480 1,200 Dead 820 553 1,240 600 

8 ' 	888 620 1,722 990 1,020 326 1,400 924 950 689 1,100 755 

9 610 600 1,400 780 700 468 980 Dead 610 488 790 561 

W 580 326 1,380 920 588 458 1,000 450 492 390 508 402 

Ness 752,200 534.000 1,490,000 914,800 647,800 521,800 944,200 642,2.50 770,000 567,800 856,400 646,400 
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EXPERIMENT 1 	 APPENDIX 12 

Group b 

Measurement of Tumour 

No. of 
rats Day 7 Day 14 Day 21 

1 1.8 z 1.0 x 0.5 3.0 x 2.4 x 1.2 5.6 z 4.0 x 3.2 

2 1.2 x 1.0 x 0.5 3.8 x 2.5 x 1.5 4.9 x 3.8 x 3.5 

3  1.4 x 1.0 x 0.75 2.9 x 2.2 x 1.5 5.0 x 3.9 x 3.0 

4 1.6 x 1.2 z 1.0 3.2 x 2.5 x 1.2 5.3 x 3.7 x 2.8 

5 1.7 x 1.0 x 1.0 3.8 x 2.7 x 1.2 6.2 x 3.0 x 1.9 

6 1.4 x 0.7 x 0.9 3.8 x 2.1 x 1.3 6.5 x 4.0 x 2.7 

7 1.8 x 1.1 z 0.9 2.7 x 2.6 x 1.9 4.5 x 3.8 x 2.0 

8 1.5 x 1.3 x 1.0 2.6 x 2.0 x 1.5 4.8 x 3.2 x 2.3 

9 1.2 x 0.9 x 0.7 3.7 x 2.5 x 1.5 4.2 x 3.0 x 2.9 

10 1.8 x 1.2 x 0.8 3.0 x 2.1 z 1.5 6.8 x 4.1 x 3.0 

11 1.5 x 1.3 x 1.0 3.0 x 2.1 x 1.5 5.0 z 3.5 x 3.0 

12 1.2 x 0.9 x 0.7 2.7 z 1.9 z 1.9 5.1 x 3.2 x 3.1 

13 1.0 x 1.0 x 0.9 2.5 x 2.0 x 2.0 5.7 x 3.8 x 3.2 

14 1.4 x 1.0 z 0.7 3.2 x 1.9 x 1.9 4.8 x 3.0 x 2.5 

15 1.5 x 1.0 x 0.6 2.9 x 2.4 z 1.0 5.8 x 4.1 x 2.0 

16 1.6 x 1.2 x 1.0 3.1 x 2.5 x 1.4 6.0 x 4.8 x 3.0 

17 1.3 x 1.2 x 0.5 3.5 x 2.1 x 1.9 6.7 x 4.3 x 3.0 

18 1.2 x 0.9 x 0.5 2.4 x 1.9 x 1.5 4.2 x 3.2 x 2.8 

19 1.0 x 1.8 x 0.5 2.9 x 2.5 x 1.7 3.9 x 3.1 x 2.7 

20 1.3 x 0.7 z 0.5 3.1 x 2.8 x 1.9 6.7 x 4.8 x 3.0 



EXPERIMENT 11 	APPENDIX 14 

Group c 

Measurement of Tumour 

No. of 
rats Day 7 Day 14 Day 21 Day 28 

1 1.1 x 0.9 x 0.7 2.2 x 1.2 x 1.0 3.9 z 2.5 x 2.0 4.5 x 3.5 x 2.5 

2 1.2 x 0.5 x 0.8 2.4 x 1.3 x 1.2 4.0 x 3.0 x 2.1 5.4 x 3.9 x 3.1 

3 1.5 x 0.7 x 0.4 2.6 z 1.5 x 1.2 3.7 x 2.9 x 2.5 6.2 x 3.4 x 3.5 

4 1.3 x 1.0 x 0.4 3.0 x 2.1 x 1.0 4.6 z 3.0 x 24 7.1 z 4.0 x 3.4 

5 1.5 z 1.0 x 0.6 3.0 x 1.8 x 0.9 4.5 x 3.2 x 2.7 5.0 z 4.1 x 3.2 

6 1.4 x 1.0 x 0.7 2.8 x 1.4 z 1.2 4.6 x 3.4 x 3.0 5.4 x 3.9 x 3.5 

7 1.2 z 1.1 x 0.6 2.5 x 1.8 x 1.0 5.0 x 3.2 z 3.1 5.6 x 4.2 x 3.9 

8 1,7 x 1.1 x 0.5 3.1 x 1.9 x 1.4 4.2 x 3.8 x 3.0 6.2 z 4.5 x 4.0 

9 1.1 x 1.1 x 0.8 3.2 x 2.2 x 1.6 5.0 z 3.2 x 2.9 7.2 x 4.2 z 3.5 
i 

10 1.3 x 0.9 x 0.7 3.4 x 1.6 x 1.2 3.9 x 2.6 x 2.0 6.5 x 3.9 z 3,8 

Continued/.... 



EXPERIMENT 11 	(Continued/....) 	APPENDIX 14 

Group c 

Measurement of Tiour 

No. of 
rats Day 7 Day 14 Day 21 Day 28 

11 1.4 x 1.0 x 0.7 2.4 x 1.6 x 1.0 3.7 x 2.7 x 2.0 5.5 x 4.7 x 3.1 

12 1.7 x 1.2 x 0.9 2.3 x 2.0 x 1.5 4.1 x 3.2'x 2.1 7.0 x 5.1 x 3.1 

13 1.0 x 0.9 x 0.6 3.0 x 1.9 x 1.0 3.6 x 3.1 x 2.2 5.8 x 3.9 x 3.1 

14 1.2 x 0.7 x 0.5 2.5 x 1.6 x 1.2 4.3 x 3.5 x 2.7 7.0 x 5.1 x 3.8 

15 1.7 x 1.2 x 0.9 _ 3.6 x 2.1 x 1.5 4.7 x 2.9 x 2.5 6.1 x 4.0 x 3.6 



EXPERIMENT 11 
	

APPENDIX 15 

Group d 

Measurement of Tumour 

No. of 
rats Day 7 Day 14 Day 21 Day 28 

1 1.0 z 0.9 	x 0.6 2.3 z 1.9 x 1.0 4.9 x 3.9 x 3.2 6.1 x 3.11 z 3.0 

2 1.9 z 1.0 	z 0.5 2.7 z 2.0 x 1.1 5.1 x 4.01z 2.9 5.9 z 4.5 	z 3.2 

3 1.5 x 1.2 	z 0.7 3.1 x 1.9 x 1.2 5.2 z 4.1 z 2.5 6.5 z 4.5 	z 3.0 

4 2.0 z 0.75 z 0.6 2.8 z 2.4 x 1.1 4.2 x 3.1 x 2.6 5.1 x 3.5 	z 3.2 

5 1.8 z 1.0 	x 0.9 3.4 z 2.7 z 1.5 5.4 z 4.1 z 2.4 6.9 z 5.0 	z 3.1 

6 1.5 z 1.0 	z 0.7 2.5 z 2.2 z 1.4 6.5 x 4.2 z 3.1 6.9 z 5.4 	z 4.0 

7 1.9 z 1.2 	x 1.0 2.7 z 2.4 x 1.75 6.2 x 4.4 z 3.0 6.4 x 5.8 	z 3.2 

8 2.0 z 1.1 	z 0.9 2.9 z 2.5 x 1.9 4.2 x 3.6 z 2.7 6.2 z 4.2 	z 3.5 

9 2.1 z 0.9 	z 0.9 3.5 x 2.4 z 1.4 4.8 x 3.7 z 2.9 6.1 z 4.2 z 	3.5 

10 2.1 x 1.4 	z 0.6 3.6 x 2.6 z 1.7 5.2 z 4.4 z 3.0 5.7 z 5.0 	z 3.8 

Continued/.... 
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Group d 

Measurement of Tumour 

No. of 
days Day 7 Day 14 Day 21 Day 28 

11 1.8 x 1.1 x 0.9 3.2 x 2.8 x 1.6 4.1 x 4.0 x 2.9 6.3 x 4.7 x 3.1 

12 1.7 x 1.2 x 1.0 3.3 x 2.7 x 1.9 4.6 x 4.1 x 3.1 5.2 x 4.2 x 3.2 

13 1.2 x 1.1 x 0.5 2.7 x 2.5 x 1.2 5.1 x 4.0 x 2.9 5.9 x 4.9 x 3.7 

14 1.9 x 1.4 x 0.9 3.0 x 2.1 x 1.7 6.2 x 5.0 x 3.1 6.5 x 5.8 x 3.6 

15 1.8 x 1.5 x 1.0 3.7 x 2.8 x 1.9 4.0 x 4.0 x 3.1 6.0 x 4.2 x 3.5 
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