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- ABSTRACT

Tha megakaryocytel are normal constituents of the bone WAFLow,
Those cells, ox fragmnnts of thcm, may bo found in the periphcral blood
of human baingl and unimals undex pbyliological condltions. It has been
rcported that circulating mogakaryocytes are more frcquontly seen in males
than in femalel. In human bclngs, they are normally observed during the
foetal stage, and lcﬁs and less freyuently in childhood and adult life.

Megakaryocytosis, or the increased incidence of these cells in
vazious tissues, has been observed in diseases such as myelosclerosis,
wyeloid leukasmia 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 pititnts with cancer. Investigators in the field of cancer research
have in the past frequently mistakem them for cancer cells. Then a more
‘detalled study established a distinct morphological difference bet.een
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 metastaoci. It 4is not yet known why
uegakaryocytes are mobilized, and migrate from the bone marrow (myeloid
tissue) to the blood, in malignant neocplasia.

The prasent investigation was designed to determine vhether

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 heen suggested. They include
stress, changes in the blood platelet level, anoxaemia, softening of the
bone marrow, and a biological reaction to neoplastic tissue., It was
therefore decided to study the incidence of circulating wegakaryocytes in
relation to the bloed platelet level, stress, adrenalectouy, spisnectouy
. and other sxperimental conditions.

Male Wistar rats were used {n all experiments. For transplant
tumours, Walker 256 carcinoma was injected subcutansously in the right
- flank. Blood for the megakaryocyte counts was taken from the heart. The
simple smear technique was considersd inadequate for ths purpose of this

investigation, and a cytological technijue was used instead.
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- HISTORICAL

REVIEW



- Survey of Previcus Concepts

"Thﬁre can bardly be any othét‘typc of cellvwithvlo many
different organelles and cell inclusions, which noually only the study
of wany ccil types wuﬁld bring togethar. In this respect ;h. megakaryocyte
is unique.” This statesent was wade by Rhodin in 1963. Little further
attoniion was paid io thess calls until recently. Thelr physiology and
possible role in pathological conditions have scarcely been investigated.

Robin (1849) was the first to describe these cells. Ha found
them in the bone marrow (Fig. 1) which, he thought, lined the sinusoids
of the medullary canal and derived from that ssme anatomical site.
Bizzozoro and Newman (1905) differentiated the megakaryocytes into those
with multiple nuclel and tﬁoso 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,
19143 Di Guglielmo, 1917, 19203 McCullen, 19203 Pianese, 1920) also
demonstrated megakaryocytes in the pulmonary bed and supported Aschoff's
view that they migrate from the bone marrow in the form of emboll., This
was further substantiated by other groups of investigators (Favre, 19343
Hickling, 19373 Rosenthal and Erf, 1943).

The concept that megakaryocytes migrate from the bone marrow
to the lungs in the form of enboli is now more or less gensrally acceptad.

It led Bunting (1912) to look for these cells in the peripheral blood,
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through “hich they are supposed to travel. He first detected megakaryo-
cytes in the peripharal blood of a patient with Hodgkin's disease. Later
Oelhafen {1914), Di Guglielmo (1917, 1920), Kaznelson (1917) and Pianese
(1917) all confirned 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 wmechanism 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 4f we consider the techniques at his disposal. He observed
megakaryocytes in the peripharal blood of 35 out of 45 patients Qith
chronic myelocytic leukaenia, 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 thess cells, or tuwour or tumour-like cells, to
differsant environments. Little effort has since been made to explore the
caugsation of this migration. Passage of the cells through the pulmonary
capillaries was accepted almost without question (Minot, 1922; Minot and
Bucknan, 1923).

The presence of thess cells in ectopic sites, that is in sites
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other than the bone marrow, has basen obsarved by various authors (Hench,
18793 Baungartion, 18993 Askanazy, 19043 Shemorl, 1904; Letulle, 1905;
Assman, 1907; Lehendrof, 1907; Levy, 19193 Ricci, 1922; Koerner, 19263
Jores, 19273 Dibinskya, 1928; Hedgedorn, 19283 Pincorton, 1929; Anagrostu;
19333 :Jacobson, 1933 Downey,: 19363 Kauffwan, 1938; Bamforth, 19393
Jordan, 19413 Boiden, 1942; Weinbeck, 1942; Churg, 1944; Schwarz, 1948,
1953, :1955; Marinone, 19493 Taylor, 1950). . .. .« ... i

.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 subleukaenic myelosis, as against Minot's
suggestion (1922). The extramedullary origin and developmwent of mega-
Raryocytes has since been postulated sand supported by other investigators.

Brill and Helpemn (1948) observed megakaryocytes in the so- .
called ectopic site and remarked that a small number of these cells were
circulating in the blood strean, dut they provide no data to support their
corment,

Apart from those occasional reports on the discovery of wega-.
karyocytes in the peripheral blood of mtients with haematological disorders
or Hodgkin's disease, whichsupport Minot's classical observations, little
has been published on the subject betieen 1925 and 1950. There has been
no systematic study of these cells and their appearance in ectopic sites
in relation to diseasesother than those already reported by Minot,

Engell (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 tachniques to
fsolate cancer cells in the blood (Cola, Sandberg et al., 19613 Pruitt,
1962; Scheinin and Koivuniemi, 1963; Sakurai, 1962; Robinsomn, 19633
Delarue, 19643 Selbach, 1964), The incidence of cancer cells in the
peripheral blood was found to be between 2% and 26%, and batween 137 and
50% in the veins draining the tuwuour or the area of the tumour. These.
raesults werc obtainaed by different investigators using different

techmi ues.

Vary racently Rousdahl (1965) used a new technique and claimed
to have found cancer cells in 2 out of 35 samples of peripheral blood
frou cancer patients, and in only 2 out of 28 samples of blood taken from
tha local vein draining the tumour. He noted a remarkably low incidence
in this series comparad to the results previously obtained by others.
Many of the calls with large hyperchromatic nuclef he found to be mega-
karyocytes, and great care had to be taken to distinguish these calls from
circulating cancer cells. In his experience other cells, e.g. myelocytes,
plasma cells, macrophagas, ostacclasts, andothelial cells, tissue mast
cells and trophoblastic cells, are also encountersd in the periphexal -
blood and may be mistaken for cancer cells.

Kierszenbaun and Tras (1964) also found manycells in the blood
which resembled cancer cells, but in fact were not. They identified most
of these cells as megakaryocytes and 42% of their blood sauples from
different cancer patients showed megakaryocytes in peripheral blood.
Sandberg, Moore and Schuberg (1958) demonstrated "atypical cells” in the



blqod 9! cancer pa:icnts. They found plasma cdls, myn‘lpbl.ulnz. prouye-
| locytu,lccnl in mito;h, normn; t;snug g:o;l._ nnd also cells of "obscurs
| idcntity';. whtch were extrenely dl!’!-icult: to differentiate from cancer
cells, This {s a difficulty encountered by most hm-uu“o" lookiq;
for cancer ccul!.nt.hcblood. o | o A
Al.umdc: snd Spriggs (1960) cooments “After practically a
century of morphological haematology, it might be t_:hought_thn; 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
whi;c cell concentration are beginning to uvo_al a remarkable varfiety of
non-malignant cells vhich are seldom or never figured in the atlases of
blma.': Smdbtrg'l duuculty.h; identifying all ‘the "atypical cells"
- 1 quite understandable. . ,
| Attcr Engell, various mnnugatou hnn rccotdod the need for
d;lt.inguhhlns. circulating megakaryocytes from circulating tumour cells
to avoid misinterpretation (Sandberg, 19573 Alexander and Spriggs, 19603
Raker, 19603 Macdonald, Roberts and Southwick, 19613 Jl_cksoq, 19623
McGrew, 1962) Herbeuval, 19623 Romadahl, 1963; Kuper, 19643 Wast, 1964
md Sellwood, 1967). o |
Menbers of the ctrcula :ing Cancer Call Study Group, under the
presidency of Nadel (1962), reported the existence of negekaryocytes in
the pn;iphc:ql. blood slong wl.th ot:'.h_u' marrow elements, "l'l:u‘y‘ enphasized
‘that it is essentisl to differentiste these cells ffom t@ur:colla in

. \th. blo@do _



Raker {1960) found a very high incidenca of megakaryocytes in
.the peripheral blood_of ¢ancer patients. In this serles of cases,
negakaryocytes were found in the blood of 42% of the patients.

Sir Lionel Whitby (1948), in a review, noted that reports had
been published on the appearance of thesa cells in tha peripheral blood
of patients with carcinomatosis, myelouatosis, osteosclerosis, Cooley's
anaenia, and lipomatosis, as well as diseases of the bone marrow proper.
Minot (1925) had suggested that the hyperplastic process of polycythaenia
vera and leukasnla was the controlling factor for migration of these
cells to the peripheral blood.

Leukaemia of megakeryoblastic origin has been reported by
Boros and Korenye (1934). Whitby found megakaryocytas in the peripheral
blood of one of his patients with leukoerythroblastic anaemia, and .atated
that the appearance of these célla in the peripheral blood was suggestive
of myeloffibrosis,

Melamed (1966) observed them in the peripheral -blood of cancer
patients with no demonstrable change in the bone marrow or platelet counmt,
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 confuaion of cancer cells and "atypical
cells" iz the periphsral blood. There had only been sporadic reports on
the existence of these cella‘in the blood, but after 1960 some investigators
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N attenpted a systematic study of pegakaryocyus in the circulating blood
.(Ra.h:, 19603 Alexander and Spriggs, 19623 Herbeuval, 1962; West, 1963;
Hume, 19643 Wast, 1964).

Hume  (1964) and her associates did a quantitative study of
circulating megakaryocyteas in human’' subjects. Taking bloed from the
antecubital vein, they found that these cells were many times wore commnon
. in cancer patfenta than in othera, According 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 eirculating mega-
karyocytes increased sftex any type of surgical intervention. The same
investigators also recorded a diurnal variation, as vith polymorphs, with
a peak at about 4 p.n., The vise after surgical operations was attributed
to the diurnal variations. But most of the operations were finished
around 4 p.n. in the afternoon end Hume has admitted the possibility that
the stress of the operation uight cause migration of these cells from
the bone marrow to the peripheral blood. No critical review of her
comments vas given.

Willlans, Belco and Warren (1933, 1955, 1960) observed increased
megakaryocytes in the bone marrow and also a high platelet count in the
peripheral blood following surgical oparations and .proloqged intravenous
transfusions of ACTH., The same effect was observad by Thorn and Jenkins
(1953) and Selyl (1950).

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

subjects and found fxagments of megakaryocytes in all of them., He also
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found megai:iaryocytes in every one of 1 peripheral blood samples taken
from cancer patients, But these vere mostly intact calls., The number

of megakaryocytes was highest in blood taken froa the azygos vein, as
compared to other sites. Rownsdahl noted 17,3 megakaryocytes per 10 ml. of
peripheral tlood from patients with advanced carcinoma, while early cases
showed only scme fragments. According to his observations the number of
these:.cells in the blood increases vhile cancer patients are being treated
with chemotherapeutic agents. Thirteen out of twenty five cancer patients
showed a significant increase in the numder of these cells in the blood.
The average was 23,6 cells per 10 ml. of blood. Similar observations were
wmade by other invastigators (Herbeuvel, 1962; Prizhivoit, 1964; Wast, 1964).

Megakaryocytes have been found in the blood drawn from different
vessels (Romsdahl, 1956). The freguency and number was highest in blood
taken from the azygos vein,

Jackson (1963) used histocheuical methods to identify these
cells. He observed the same incidence of megakaryocytes in cancer patients
and.normnl subjects.

Scheinin and Koivuniene (1963)v£oundlan increased nunber of
wegakaryocytes in the pulnonary circulation of cancer patients., Anaemia
and iuflammatory conditions show a higher pulmonary wegakaryocyte count
than other pathological conditions, though it i{s lower than that found
with neoplastic dl;eaae. The presence of these cells has: also been noted
by other observers (Aschoff, 18933 Goromey, 1924p Britte, 1948} Seebach,

19523 Schwarz, 1948, 1953 and 1936).
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found megakaryocytes in every one of 12 peripheral blood samples taken
from cancer patients, But these were mostly intact cells. The number

of megakaryocytes was highest in blood taken from the azygos vein, as
compared to other sites., Romadahl noted 17.3 megakaryocytes per 10 ml. of
peripheral blood from patients with advanced carcinoma, while early cases
shoved 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
showved a significant increase in the number of these cells in the blood,
The average was 23.6 cells per 10 ml. of blood. Similar observations were
made by other investigators (Herbeuvel, 19623 Prizhivoit, 19643 Wast, 1964).

Megakaryocytes have been found in the blood drawn from different
vessels (Romsdahl, 1966). The frequency 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 Koivunieme (1963) found an increased number of
megakaryocytes in the pulmonary circulation of cancer patiants. Anaemia
and inflammatory conditions show a higher pulmonary megakaryocyte count
than othgr pathological conditions, though it is lower than that found
with neoplastic disease. The presence of these cells has also been noted
by other observers (Aschoff, 18933 Goroney, 19243 Britte, 19483 Seebach,

19523 Schwarz, 1948, 1953 and 1956).
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It was thought that the‘migtatlon of wegakaryocytes was part
~of the process of aging (Whi;by, 1948), But Cuny et al. (1961) demon-
.stratqd that fhe.incidénce of circulating megakaryocytes is in no way
related to age, as there vas no diffctenceliﬁ the frgqueqcy éf these cells
' in théiperiphntal blood of persons of diffctcnt age groups,
| , " There 1s'a lligbﬁ tendency fqt the megakaryocyte count to be
higher 19 nales tpgn in females. Large numbers 9! these cells, along with
other bone marrow olemuntn.Aarn normally seen in the pe:ipheral blood of
new botnlb;bien and foetuses (Bfgati et al, 1961),
| So far few experimental studies im circqlating megakaryocytes
have been published in the literature., Prizhivoit (1963) investigated
;he megakaryocytes in the bone marrow of rats witb sarcoma 45, sarcoma M=-1
gnd ‘ialker 256 carcinosarcoma. Ha observed an increase in degenerate
‘formliagd a degtegac in active forms. The‘total count (freguency) of these
cells in the bone marrov had 1ncreaaed.\\?rlzh1voit concluded frou these
~ observations that.megakaryocytes are highly ;enait;ve to the presence of
neoplastic tissue in the body. | | ‘ o
‘ Traycovich (1964) exanined the bloo@ from the right heart of
hansters w@th welanoma, fuliccllula; and endothelial sarcoma. He also
exanined blood from the same site in 26 normal hamltgra. 647, of the 62
‘blood sauples taken from animals with tumours were found to contain large
haematopoietic cells non-malignant in origin. Most of these cells were
identified as megakaryocytes. 50% of the samples taken from mormal

hamsters also contained endothelial cells or megakaryocytes. Traycovich
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mentions the presence of different cells of haematopoietic originm, dut
unfortunately his results are inadejuate through lack of information.

No mention is made of the relative frequency of different cells in animals
with and without tunours.

Roszal, Prier and Koprowska (1965) examined blood from the
cephalic vein of normal dogs. They used the buffy coat technique to
isolate megakaryocytes and stained the suears with Wright-Gleusa stain..
Every blood sample was found to contain intact cells and fragnents.
'Haazatological examination revealed that some of the dogs had a leukaemia
with leukocytosis. But it is apparent froa the data glven that thesa
haenmatological abnormalities are not related to the incidence of circulating
negakaryocytes,

The authors admit thet the inconsistent zesults obtained with
the buffy coat technijue are a handicap in enumerating megakaryocytes in
the bdlood.,.

Roszel and his associatas (1965) observed abnormal megakaryocytes

in the spleen of mice bearing transmissible ascites tumours.
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Survey of Msthods for the Determinatiom of Circulating Megakaryocytes
in the Blood

Since Minot's observation of megakaryocytes in the circulating
blood, little atgcntion has been paid to the subject until recently.
Interest has been revived through the ssarch for cancer cells in the blood
and all recent information comes chiefly from investigations in this field.

Nadel and Goldblatt (1965) recently reviewed all the methods
available for isolating cancer cells in the blood. To their surprise thcy
found twenty different methods. Some of these technijues have also been
used by investigatoxrs whose primary interest lay in the circulating
wegakaryocytes. Conventional haematological, fmmunological and histo-
chenical techniques have been euployed fox the purpose. They can be
broadly classified as followss
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 fdentification

4) Immmological techmique

1) Smear and total white cell count
Until recently wegakaryocytes in the blood were counted by the
conventional haenatological method. Blood fs taken from the tip of the

finger oxr 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 nuuber of megakaryocytes in that total is determined. The results are
inconsistent and show great variation, as the number of circulating
wegaksryocytes is very small., Bunting (1911) was the first to detect
megakaryocytes in the peripheral blood by this method. His observation

was later confirmed by Casaris-Dewmel (1914), Nageli (1914), Oeihafen (1914),
Kaznelson (1917), D{ Guglielmo (1917, 19:0), Minot (1920), Pianese (1920),
Minot and Buchman (1923) and Whitby (1948),

Minot (1922) did a quantitative determination of these cells in
the paripheral blood with very inconsistent results. As he describes 1it,
"at one tize or other 35 out of 45 patlents with myelocytic leukaemia had
megakaryocytes in the peripheral blood”. It is essential to examnine a
number of slides to detect these cells. The procedure is tedious, and time
consuning, 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 mozphology of the cells, It is
eagy and simple, but definitely unsuitable for an element for which a huge
quantity of blood has to be examined.

Minot found negakaryocytes in the blood of patients with a white
cell count of 50,000 per cmn or more. If the white cell count was below
50,000, thege cells were found to disappear from the blood. . The range of
occurrence was betwsen 1% and 8% of the total white cell count, This has

been confirmed by a few authors (Hickling, 19373 Carpenter and Flory, 1941}
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Favre, 1934; Rosenthal and Erf, 1943). Sir Lionel Whitby'(1948) found the
same proportiqn of megakaryoqyte: in the peripheral blood of a patient
 with lcukoerythrob;astic aﬁacmia. Ha reported that on various occasions
_megakaryocytel formed 2 to 4% of the total leukocyte count for this patient.
It 1: remarkable that between 1925 and 1950 the literature
contains nothing about cltculating magakaryocytes in relation to other
pathological conditions and normal health., This il no doubt due to the
technical difficulties. There are reports on the qssocl#tian of these
~cells with diseases of the hgcmagoﬁoietic and reticuloendothelial system
and with Hodgkin's disease. Recently wmore sophisticated techniques have
been employed and the results suggest that megakaryocytes are rmuch more
frequently found in the circulating blood in both health and disease, and

particularly neoplastic conditions.

2) Tachniques fox 1solating cancer cells from the blcod and their use for
the determination of megaka;zocztcs

The fact that Nadal (1965) faumd that twenty different techniques
are amployed foxr the isolation of cancer cells suggests that none of then
are satisfactory. All these technigquss consist chiefly in removing the
vast number of normal cells, leaving the abnormal cells behind, The aim
is alao to presarve the morphological structure of the cells to be
examined, Megakaryocytes have a well-defined morphologfcal charscter, so
that they are relatively easily detected in the hlood and differentiated

from cells of similar morphology. The general principle of all these
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techniques i{s the reuovel of erythrocytes, removal of leukccytes, followad
by preparation for microscopy.

Various methods have been tried for the removal of erythrocytes,
e.3. vater (Queensal, 1921), acetic acid (Pcol and Dunlup, 1934), saponin
(Rngell, 19553 Whang, 19583 Kuperx, 19613 Erichsson, 1962). Streptolysin O
has been used for the lysis of both red and white cells (Malugrem, 1958,
Rousdahl, 1961). This is an expensive, unstable nnd'quickly destroyed
enzymeé. 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 process of sedimentation,
This can be fuproved by adding bovine fibrinogen (Sandberg, 19573 Robarts,
1958, Diddle, 19593 Flatcher amd Siewart, 19593 Cousineau, 19613 Watne and
Lincoln, 19623 Ishikawa, 1962; Stofberg, 1963), dextran (Alexander and
Spriggs, 1960y Colombo et al,, 1960; Romsdahl, 1961), or phytohaemagglu-
tinin (De nello, 1960). These méthods are not very §ipen:1vo; 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 O has been tried., Cancer cells, lymphocytes and inegakaryo~
cytes have leas specific gravity than erythrocytes and polymorphonucleax
cells and cen be separated by diffevential centrifugation (Roberts, 1958
Seal, 1959).

Polyrorphs 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; Sellwood, 1964,
1967). There is sufficient evidence to suggest that this wethod is
suitable for quantitative determination (Sellwoed, 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
(Bogell, 1955), smears (Sandberg and Moore, 1957; Roberts, 1958) and
meubrane filters (Malnmgren, 19583 Kuper, 19613 Sakurai, 1962; Saito, 1961;
Sellwood, 1964) have baen used,

Malamed (1966) and Seal (1964) used plastic sieves for isolating |
negakaryocytes and cancer cells respectively. They collected 10 ml, of
blood from a major thoracic vessel or any peripheral vein in EDTA or a
heparinized container. Immediately after collection the sauple is passed
through a perforated plastic membrane with 1.2 x 105 perforations of 4.5

2.*l The aieves uith the retained cells are washed

micron diameter per cm
in saline, followed by 50% ethyl alcohol, and then fixad in propanol.
They are stained with haematoxylin and eosin, dehydrated in alcohol and
cleared in xylens. The plastic sieves become transparent and are mounted

on 1" x 3" glass slides in parmount.

* Thess axe known as nucleopore filters, manufactured by the Millipore

Corporation, Bedford, Massachusetts, U.S.A.
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Properly collected fiesh 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 varicus Investigators the plastic menbranes
and millipore mewbranes with laxge pores (Foss, 1963) have proved
reasonsbly precise. Membrene filters will effectively trap cancer cells
and megakaryocytes =nd retain. them for microscopy. They have proved better
than other technigues (Sakurai, 1962; Taft and Arizaga-cruz, 19653
Sellwood, 1967),

Varicus stains hve been used, 'depending largely on the field
of research in which the investigstor speclalized. A pathologist nommally
1ikes to use hacuatoxylin and eosin, a cytologist Papanicolaou, and a
haematologist Romanovsky's atain, and so all these staining techlmiques

have been used,

3) Fluorescent staining and histochewical identification
It has been clained that fluorescent ataining with acridine is

a useful mathod (De Mello, 1962; De Mello and Kaster, 1962). This
technique produces a high proportion of false positives but is said to
uake megakaryocytes easily recognizable (Jackson, 1962; Stein, 1?62;
Pavone and Rolfini, 19633 Nagy, 1965).

John F. Jackson (1963) has dascribed a histochemical technique
using acridine orange fiuorescenca for the rapid idemtification of all

suspicious cells, and subsequently periodic acid-Schiif's stain to
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differentiate the megakaxryocytes.

For this wmethod, 10 ml. of blood are mixed with 5 ml. of 8%
dextran in physiological saline. The mixture is left to stand for 35 to
45 minutes to allow the srythrocytes to settle. Then the supernatant
fluid is withdravn and replaced by the same volume of saline. After
centrifugation, snsars of the deposit arxe made on slides. The s ears 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
Mailvaine's citric acid buffer at a 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 fluorsscence, these cells being classified as suspicious. Then
the slides are placed in 50% alcohol for 2 wminutes to remove the stain,
and restained 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 i{s satisfactory.

Fragnents of megakaryocytes also fluoresce and give a PAS
positive reaction, due to the presence of glycogen. Tumour cells, mast
cells and trophoblasts fluoresce in the samewy as megakaryocytes. Like
other histochemical methods, the technique requires great care, precision

and skill. Its advantages still require evaluation.

4) The fimmunological 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. stxuctures of the mczhkaiyocytc series,
and fibrinogen. Herbeuval used human antfplatelet serum at 1 in 640 per
litrs and identiffed the megakaryocytes under ultraviolet light.  This
mgthod is certainly precise and effective, for with it few other cells
or elements will give the same appearance as megakaryocytes, It {s -
complicated but would seem to detect thess cells effectively in the blood.
Unfortunately the paper gives no details of the results, e.g. the
fncidence or total count, which would have heen helpful for a comparative
study.

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

Identification of Megakaryocytes

Since Robin's (1849) bttglnal'diictiption of these cells as
“megalokaryocytes” there has been little dispute over their identification,
either in the bone marrow or at ectopic sites. He described them as huge
celil'uith multiple lobulations of the nucleus. He obsarved that these
cells lined the sinusoids of bone marrow and thought they developed from
the sane site. Bizsozoro and Newnsn (1905) described two different
morphologlcii types of these cells: |

1. Cells with a single multilobed nucleus

2. Cells with multiple nuclet
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Many of the multinuclear cells have been identified as osteo~
clasts. These are only rarely ssen in the blood, but may always be
confused with negakaryocytes. With multinuclear megakaryocytes seen in
the blood and bone marrow, the nunber of nuclei £susually ieu than' 16,
vhexeas osteoclasts contain more than 20.. The osteoclast cell with the
cytoplasm 1s also much bigger than a megakaryocyte, its diameter being
about 100 micron(Rhodin, 1963).

- Description of the Different Parte of Megakaryocytes (Pig. 8 & 9)

Cell membrang - The cell membrane is of mediun thickness and continuous,
though it appears broken at times, which is said to be dus to the formation
and disssnination of platelets. -
The Cytoplasn - Haematoxylin - eosin and Romanovsky's stain produce a
pink or purple colouration of the cytoplasn. Frequently the cytoplasn is
eosinophilic and homogencus, with occasional granules or vacucles. These
granules are basophilic or azurophilic. The presence of granules in the
cytoplasn has been ascribed to the fact that it is actively engaged in
blood platelet forwatiom.

The nuclear wembrane - This is thin, regular and continuous around all
the lobes of the nucleus. Rupture of the nuclear membraue is never seen

under physiological conditions,
The nucleys - In mature magakaryocytes the nucleus is always wultilobular,
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with direct nucleoplasmic connection between the lobes. Frequently
cozpletely detached nuclear lobes or nuclel are seen, either singly or
in numbers.,  The distribution of chromatin granules in the nucleus 1is: .
uniform, with conspicuous condensation along the nuclecli, . Nucleoli are
only infrequently observed in thess cells,
The nucleo=cytoplasmic ratio - The nucleo-cytoplasmic ration is very high,
vary much highar than i{n any cell of comparable morphology and size.
Mitosis ~ Very rarely ones may see the cells under endomitoticconditions,
and in this state they are difficult to differentiats from cells of a
similar type.
Megakaryoblasts (Pig.93)
These are hugs ceslls, 20 to 50 micron in diameter. The nucleo-cytoplasmic
ratio 1s high but leas than;gaturc cells. The cytoplasm is profuse, and
eosinophilic or pale violet granules may be seen in it, Some of these cells
wuay have a thin rim of basophilic cytoplasm and are frequently mistaken
for cancer cells, Basophillc staining of the cytoplasm of cancer cells
is not yet known.

The nucleus is couparatively larger than that of the mature
cell. Lobulation of the nucleus is never encountered. The nuclei
contain evenly distributed chromatin granules and nucleoll are frequently
presant, Valaitas and McGrew (1962) have drawn attention to the mirror
image appearance of the nucleus, with the chromatin granules symnetrically
arranged.



- Incidence of Circulating Magakaryocytes

Megakaryocytes have been deuonstrated in the blood of patients
with varicus diseases, especlally conditions involving the hasmatopoietic
system. Unt{l recéntly thess cells were not thought to be a noraal’
constituent of the blood., With the aid of modern sophisticated tecimiques
wegakaryocytes have been found more frequently in patients with various
conditions end also in healthy subjects. Fragments of thase cells are
séen in the blood of heslthy subjects, while undamaged cells are
conapicuous in morbid states and particularly neoplastic disaase.

Using conventional haematological methods, Minot (1922)
demonstrated megakaryocytes in the blood of 77.7% of patients with
myelocytic leukaemis. Saveral other authors reported similar £indings
(Hickling, 1934; Carpenter and Flory, 19413 Pavre, 1934; Downey and’
Nordland, 1939, Rosenthal and Exf, 1943).

" Raker and hia associates (1960) first attempted to study the
incidence of thess cells in the blood of cancer patients, using Seal's
cell concentration teclmique (1958), They found wegakaryocytes in the
blood of 41% of their cancer patients. But their paper gives no
conparative dats on the incidence of these cells in normal individuals
or patients with non-malignant diseasss. e |
© ' Scheinin end Koivunieni (1963) used buffy cost soears and
detected negakaryocytes in the blood of 129 (77%) of 168 patients vith
malignsnt and non-maligna®t digeases. 114 of the 168 patients had cancer
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in different sites of the body. They took about 4 = 8 ml. of blood from
the antecubital vein of these patients, and found 1.2 megakaryocytes per
sazple on average. The total megakaryocyte count was greater in cancer
patients (0.8 cells per specimen) then in those with other diseases
(0.3 cells pexr speciuen).

Herbeuval and his assoclates (1964) used a modificatfon of Seal's
technique and found fragments of megakaryocytes in the peripheral blocod
of patients with hacmatological disorders (43.7%). In the blood of
cancer patients they found mostly intact megakaryocytes and occasional
cell fragwents (16.5%)

Hune et al, (1964) used the wodified Seal's technique and found
megakaryocytes in the blood of 50.6% of their cancer patieats. Only 3.1%
of patients with non-cancerous diseases showed megakaryocytes in the
blood. They also observed that intact megakaryocytes were mora 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 norual
variation in adults of different sex. They found that 10 nl, of.adult
blood contained on the average 21,79 megakaryocyte fragments, compared to

602.7 fragmnents in the dlood of fostuses. In male subjects they detected
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14.6 negakaryocytes or. fragnents and in female subjects 28, .

- Wast (1963) used. the Seal's technique with blood taken from the
antecubital vein. He: found megakaryocytes in the blood of. 22 out of 82
cancer patients, and remarks that the blood of cancer patients contained
mostly intact megakaryocytes, vhile only & 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 megakeryocytes, nearly all of them
showing fragments, with just occasional intact cells. .In this serfas
males had a higher count than females, 11.3 megacaryocytic elements per
ul, as compared to 5.6 per rl,. He could not find any difference in the
nurber of circulating megakaryocytes in different age groups., On the
other hand he admits the significantly higher occurrence of these cells
in tha peripheral blood of foetuses. Ha used the sare technique as
Harbeuval et al, (1962),

Malmed et al, (1966) used the buffy coat technique and found
megakaryocytes or fragments of these cells in blood saples taken from
both healthy subjects and cancer patients, For this investigation,; 10
1, of blood werc taken from each subject. PFragments 6! negakaryocytes
were found in the blood of every one of 75 nommal 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 techmique to study
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the incidence of megakaryocytes in the peripheral blood of patients with
and without cancer. His material consisted of 13 cancer patients and 11
patients with othnt,dipegsol.4:thakaryocytas were founq in blood taken
from the antecubital vein of 26 of these 29 patients. The cancar patients
showed 7,7 megakaryocytes or fragments per ml., of blood, patients with
non-cancerous diseasea 6.7 per ml. Jackson claims that with this tecimique
he saw mostly intact megakaryocytes in the blood of non-cancerous patients,
This does not agree with the findings of other observers. No specific
memtion ig made of the frequency with which megakaryocytic fragments
occurred in this series. This is important, because the fragments
fluoresce and give the same positive PAS reaction as intact cells.

Traykovich (1964) astudied the incidence of circulating mega-~
karyocytes in the blood‘ot‘hgmsters.z_slpodncdllectgdi!rqm.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 erythrocytes wers lysed, The mixture uao\clp:;;fugcd and the
deposit washed with Herbsuval and Herbeuval's solution, It was then again
centrifuged, suears were made of the deposit and stained with Papanicolaou
and Fontana's method,

64% of 28 animals with cancer of different tissues showed
megakaryocytes or fragments of these cells in blood taken from the heart, .
Only 50% of the normal controls had megakaryocytes in the blood, together

with other haematopoiatic tissue elements.



With the development of varlous techniques it is now possible:
to detect megakaryocytes in the peripheral blood more frequently than
before.. These cells have been chaerved 4n blood samples taken from almost
avery part of.the bdody, with the highest incidence and total count in.
blood from the azygos vein (Mslamed, 1966), In many cases the identification
of megakaryocytes has been based on bare nuclei or cell fragments omly.' -
This s bound to give a false fmpression of the actual nunber of cells
circulating in the blood. The chances of nissing 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 nuclel of other cells like macrophages or osteoclasts.
It has been suggested that there is a diurnal varifation in the number of
circulating megakarvocytes, the peak being in the late afterncon. Major
surgery and the continuous slow infusion of ACTH also affect the nommal
biology of these cells. The Incidence of intact megskaryocytes in the
blood is markedly greater in ueoélastic conditions than in any other
disease or in healthy subjects. The incidence is also higher in advancaed
stages of cancer than in the early ones. In disorders of the haemato-
poietic system he blood was found to contain both intact cells and
fragments. These diseases are mainly neoplastic or anaemlas of the
leukoerythroblastic type which are said to develop during the terminal
stage of many neoplastic conditions.

It 1s difficult to analyse the results of the various investi-
gations becauss blood was taken from different sites and in different

quantities. Vary few statistical analyses have been done of the data
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~ given by different investigators. The results have been varied and there
have been discrepauncies in the conclusions dravn from them. The only
agtgement to_bc found in a generel reyiew_is.thg;‘g greater number of
intact megskaryocytes arglactpvin the blood of cancer patients, with
increased frequency in advanced cises. and that these cells also appear
, in the blood of patients with various disorders of the haemn;ppointic
system, particularly if their nature is malignant, thioya authors have
noted tha ectopic occurrence of these cells, mainly in the lungs and
spleen,

The present qtuay was designed to dgtermine'thé 1nc;q¢ncl of
_circulating megakaryocytes ;n Wistar rats with tumours, 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, llﬁino; Wistar strain of Norwegian rats, w.ighln; between
220 and 320 gus. and bred in the Animal Department of the Royal Post-
graduate Medical School were used throughout.

All the enimals were keapt in the animal quarters for at least
2 « 3 weeks before an experiment started, to get them acclimatized to the
environmental conditions. Yor storage, 25 - 30 rats were kept in a single
big cage, but during experiments the animals were kept eingly in metal
cages manufactured by Bowman's (large A9 and B6)., The rats were given
Diet 41B, manufactured and supplied by E. Dixon and Sons of Ware, Ltd.,
and water ad lib.

The teuperature and humidity in the animal quarters were kept
within a constant range, the temperature being between 65°and 7z°c, and
the mmidity betwean 45% and 30%.

The albino Norwegian rats are a strain first started in a colony
at the Wistar Institute of Anatomy and Biology at Baltimoxe in 1921. This
particular strain was selected because other workers had found them ideal
for cancer research. The rats are var} 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 usad for this 1nventtgation.
It was rupplied by tho Chalter—Beatty Research Insti:ute, transplanted
and waintained 1n tha animnl colony of our: laboratory.

The tuxzour from which this ltrain has davelopcd was first found
by‘Dr. George Walker of Baltimore in 1928, and carried om by -ucccnnlve.
subinoculation in rats. The original tunnur developed in the breast of
a prcgnunr zat, which tlnrtd up after nolivnty. A histological snction
was oxnminnd blet. walknr (ulidn 100&) and Dr, H. G. McCallam of John
Hopkins Univernity, and diagnosed as carcinoma. _ | |

Thcse tumours are gemerally hnrd lobulated and smoothl} 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,
which indicates invasion. |

| On macroscopic examinnrion a section of the tumour shows three
distinct zones. The peripheral layer forming the pseudo-capsule of the
tucour is relativelyvthin. Central to this capsule is a ting of henlthy
groving tumour tissue which is slightly trenslucent, Its thicknnss
varies between 1 ann 19 um in different areas of the tumour. The third,
central area is genarally necrotic and not well defined from the second
layer. |

The capsule consists of cnllngen'fibres and is completely devoid

of reticulin, Numerous, slender, deeply stained connective tissue cells






of fibrublastic appearance are seen om microscopic examination., Lymphoe
cytic and monocytic infiltration of the capsule is uncommon, but a thick
;aye:‘fogmgd by a densé aggregate of small lymphocytes i; seen just outside
the capsule.

The second layer, the zone of healthy and active tissue, stains
very deeply with H & E. It consists of larger cellg which are elongated
or polygonal, The nuclei are large, ovoild 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 gtioma 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 nuclel with one or
twvo nucleoll, and deeply stained cytoplasn, 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 fmmersion field, Abnoxnal mitotic forms, e.g. triploids and irregular
types, are not infrequenmt.

‘In general, the cytological appearance of the intramuscular
tunours 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
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cell layer, giving a closer resemblance to Jensen's saxcqmq:(ggrlg, 1?;5).~
Unlike the ;ubcntlncouq-tumours, thg 1ntra§ugcplqr ;umonrq.gre,sur;ounded
by_a layer of Iymphogyteg énd mononuclear ce;lé; ,?hey‘motgipyalze‘ﬁogé :
frequently und behavu like :atcomata. I

Earle (1935) compared the atructure of the tumout from Walker's
laboratory with that from the Carnegie. Institute of Embtyology and conflrmed
that histologically they were sim;lgr._ In our laboratory 1t'hgs\b¢qu ‘
eatablished that the tunours we received about 3 years agp_f;om‘the Chester
Beﬁtty Rgsaarch 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 !or@‘which makes it easier to
determina the tumour volume.

Anaoafheaia 4

vAll operations were catricd out under goneral anaosthesia, using
ether and oxygen. Hortality and morbidity as a result of anaesthesia
vere practically nil.

Originally it had been attempted to anaosthatiza the rate wlth
a preeitoly controlled doac of 6% Nembutal 1n physiolosical salino, given
by intraperitoneal 1nj¢ction. as 1t was fclt that this should effectivaly

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

and a blgh incidence of pneumonia that it had to bo abandoncd.



Induction of snaesthesia was done by placing the animals for 1 -
2 minutes in a pyrex or perspex chamber containing ether, Then anaes-
thesia was maintained as described above. This téchnique achieved

prolonged, quiet and uneventful performances.

Technique of Taking Blo&d Samples (Fig. 3)

For the study of circulating megakaryocytes, 1 ml. of blood was
collected from the heart by the transthoracic route (Grlt!ith‘nnd Parris,
1942), The aniwmals were kept under light anaesthesia and placed in the
supine position on a cork board, with the anaesthesia mask ready to hard
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 nl, Gallete 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 needlas,

Gentle withdrawal of the plunger brought the cardiac blood into
the syringe. 1 ml. of blood was always collected ovar a period of 1 to
1.5 minutes,

I£f the tip of the nesdle was atill within the cardic muscle,

alight withdrawal followed by careful reintroduction always proved
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successful. It is essential (1) to avold multiple carciac punctutes during
any single seesion, (2) to withdraw the blood gently, and (3) to allow

uot iess than one minute for the collecticn of 1'mly of blood, tou avoid

the effects of trauma’ produced by this procedure. The collected blocd

vas transferred to a clean universal contaimer containing 0.1 ml. of
hepazin'citrate. It was thén.gently rétated and shaken for about 2 minutes,
so tha t the heparin vas comhletély wixed with thé‘bioéd‘to prevent élotting.
The Collection of Blood for Platelet Counts

The blood required for platelet counts was taken from the tail
veins of the rats. The tall was shaved and cleaned with spirit. A small
nick was nade with a scalpel and the blood: squeezed out, For successive
platelet counts the aite of the nick was moved from the distal to the

proximal part of the tail.

The Technique of Tumour Transplantation (ftg. 4)
a)_ﬂaterials
-1+ Tunour 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 hasAa_pink or pinkish white appearance, is translucent and
-of soft consistency.
2. Size 23 acalpel dlade

3. Assortment of dissecting forceps
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3.

7.

8.
9.
10,

1.

-39a

Tio ox three pairs of Petxl dishes
A pyrex pastle aud uaortar.

Endicott's filter of wmesh No. 40, uanufactured by Endicott's (Test

Sieves) Linited, London

Pait of fﬁu poin‘ted. scisgors
2 nl, dispouble. syringes
Size 15 needles

Sterile physlologicall saline

Counting chambar

b) Mathod

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

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

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

transferred to a wortar and very gemtly but thoroughly ground with the

pestle for 4 - 5 minutes, It was then filtered through the Eundicott's

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

make a suspension (Fig.4c,de). A counting chamber was used to determine

the number of cells present, Approximately 5 x 10% to 6 x 10°% ceills

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

mental animal in 4 to 6 wml, of suspensiom.

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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carried out under surgically sterile conditions.

" The Isolation of Megakaryocytes

About 2058 blood sanplas from the 496 ra_tg‘used in the experi-
nent were examinecj.' E#ch congigted of 1 ml, of blood wixed with 50 mg.
of heparin to prevent clotting. All sauples were prqceaud within 2 - 3
hours of collecting the blood. | |
Approximately 100 rgs of carbonyl ireon (grada SF, usnufactured
by Antara Chmicals. u35 Hudson Straet, Hudson, New York) were added to
each sanple before it was incubated for 30 winutes at a7° C. During
incubstion the containers wexe placed in a roller mixer. Iron particles
woie phagocytosed by the polymorphonuciear leukocytes (Fig. 5).
Red cells were 1;;.«1 by adding 1 wl, of 0.5% brown saponin in
normal saline and .luklng the container. Lysis is complets in 2 - 3
minutes, which is indicated by the sazple 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 comical centrifuga tube, centrifuged for 2 winutes at 3,000 r.p.m.
and tha supematent. fluid decantad carefully.
‘ The deposit in the cent:ifugc tube was resuspcndcd in 0.2 ml,
of normal saline. About 2 ml, of a fixative made up of 10% formalin, 10%
acetic acid and 507. absolute alcohol in distilled water was added to the

suspenuog.
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-Fixation was complete in about 10 minutes. At this stage the
sanples wers sonetimes left overnight for further processing on the
foliouing day. 1t was found that no change whatsoever occurred if s
sanple was left in the fixative overnight. ’

The magnetic process was repeated 2 or 3 times on the fixed
samples. After this the suspension was filterad through a mllllpdre -
filter with a pore size of 5 micron (specific no. SMWPO 190 R, manufactured
by the Millipore Filter Co., Massachusetts, USA Inc,),using e suction pump,

Batches of 4 filter membranes were fitted in perspex membrane
holders devised in the workshops of the Royal Postgraduate Medical School
(rig. 7). The membrane holders with the membranes weré'placed in formalin
vapour for 30 seconds and then coverad with 57, gelatin to prevent contam-
inatfon batween adjacent membranes.

The mecbranes were stained in Harris's aci{d haematoxylin for
5 minutes and them washed in running tap water for 5 minutes, They were
differentiated in 1% HCL in 50% alcohol for 10 - 15 seconds and again
washed in rumning tap water for 5 = 7 ninutes. After placing them in
Scott's tap water substitute for 5 minutes, the membganes were once more
washed in tap water for 10 minutes. They wera then counter-stained in
0.5% eosin and dehydrated in threa changes of alcohol, first in 70%
alcohol, and the last two in absolute alcohol. Pinally the membranes were
cleared in threa changes of xylene, which nada them transparent.

It was found that during the processing multiple ridges had
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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 much easier.

The manbranes were then mounted on 1" x 3" slides i{n Canada
balsam under coverslips. Air bubbles were removed by gentle pressure.
The slides werec kept in a warm place, usually in an incubator at 37°c. for
sbout 24 to 438 hours. After this they were ready for microscopic
exanination,

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,

Deteruination of the Megakaryocyte Count
Both intact cellg (Fig. 13a, b, c) and parts of megakaryocytes
(Fig. 13d) have been found in the peripheral bload. These cells are
either multinuclear or have a single multilobed nucleus. If such cqlls
are denuded of their cytoplasm, it is difficult to distinguish thcm
from other cells, for all one sees are a bare nucleus or fragments of it.
A blood sample way contain a nuzber of fragments from one and the same
nﬁclou-. If each fragment i{s counted separately, a false fmprassion of
the actﬁal nunber of circulating wegakaryocytes 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, oculy bare '1uclei. oL ucgakar,ecytes were seen b} soce authors.
‘With evary Lbchnic,ue euployed, 1,mphocyteo are included in the field, as
Lnej sve with cur u_clmi\,ue. I'- has alzc,ady be.en —1enticned Lhat a clunp
| Aof ly.aphocytes uay eas;.ly loo;c 1ik.a the bare nucleus of/.zegakaryocyte
.(Fig. 10). The biological significance of the bare nuclei has not yet
been dei.emined. Nuclei of other nucleate haemntopoietic elenents.
disintegmte md taeir nucleic acid content is used in the foruation of
new nuclear r:atarial. | | |

If. 'the megakaz;yocyte count iﬁ t.)lood‘ taken | fz;om Vnormal subjects
ts higher than that found with cancer patients (Helamed, 1966) this must
be attributed to ftagnentation of these cells.

In the present atudy, only intact negakaryocytes were counted
as “positive"” cells, An interpretation of the stability and intactness

of these cells is given in the chapter on digcuasion.

Datermination of the Tumour Volile

The tumour volume was determined according to the technique

Ldescribed by Mori and his colleagues (1960), | The method was one of
exterhal neasurement, ’I‘hé rneasurements obtained by extermal palpation
were consistently in agreement with the results of direct measurerent,
' The tumour volune was calculated as follows:

Tumour volune ~ %': x pqr,
where p = the greatest external diameter
| q ™= the mlleat external diametar

r = the height of the tumour
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Vernier callipers were used to obtain the various dimensions.
In several cases a uean of wore than two measurements was taken because

the tumour was lobulated.

Preparation of Tissue Homogenates (Fig. 12)

Tissue homogenates were prepared in an MSE (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 tuxbine blades.

The tissue to be homogenized was weighed and placed in a 10 nl,
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 {n the beaker was brought under the blades which
were immersed below the saline level and revolved at 6,000 r.p.m. for 2
ninutes., The tissue homogenate thus prepared was drawn up into a syringe
fitted with a millipore filter. This was done in the hope that only
tumour homogenate wihoutany intact cells would be injected. The filtrate
was injected in the right flank, the site for tumour transplants, Before
the injection a l:ﬁur of the filtrate was taken, for further check-ups.

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

clean and sterile conditions,

Technique of Platelet Count

Biluent used for the count: 3% trisodium citrate ‘ 3G
1% fornalin 1m1.
distilled water ’ 100wl
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0.02 ml. of blood taken from the tail vein was mixed with 2 ml, of the .
diluent fn a biju bottle and well shaken for 2 to 3 minutes, Then the
counting chauber was charged and platelets were counted in the 25 small
cqntul squares. .‘X‘hc p;atclct count vas deternined as followss

 Total m:hinr of enlh cbunud."x 2'.000.-
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EXFERIMENTS AND RESULTS
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Emrimcnt 1
The Incidence of LCirculating Megakaryocytes in Tumour-bearing Rats

and Normal Controls

Rationsle

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 coﬁttollcd -animal
system. There have been some animal studies, but no possible conclusions
can be drawvn from these, particularly as regards the incidence and
‘significance of these cells in subjects with neoplastic tumours.

An investigation was therefore carried ocut to determine ths
incidence of circulating megakaryocytes in an experinmental tumour system,

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

Materials and Methods

40 wale Wistar rats were used in this experiment, thair average
weight being 250 gus, (5D + 8.24). Thay ware divided {nto two groups of
20 each. The first group (a) served as controls and were givenm treatment.
The second group (b) receivad subcutaneous injections of s suspension of
Walker tumour tissue in the right flank. The skin was shaved and painted
with a 5% hibitane solution, and the unimulq weres gim very light
anae\at.h_ulla. using ether and oxygen. Each animal in this;toup received 0.4 to
0.6 ml, of the suspension of Walker cells. That volune 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
uleceration were excluded fron this study and replaced by others with
hca;thy looking tumours.

The date of inoculation was taken as day 1. Blood samplas wers
teken from the lltl in both groups on dnys 0, 7, 14 and 21, to d.tetmlno
the incidcacc of eitculating mngukntyocytus. 1 wl. ot blood was tnkcn
from each animal on each o! thon days. ‘nu anl.mnla were kulcd lur 21‘
days and a cnxtful poatmottlm exanination and hiutologlc.l otudtns veras

ﬁadc.

Rasults

Only intact magakaryocytes were taken fnto consideration (Pig.
13a, b, c) and coumted, Bare nuclel (Fig. 13d) and parts of nuclei were.
ignored, in accord with the considerations get out in the previous chapter.
Apart from the megakaryocytes, various other cells of comparable morphology
ware also noted (FPig. 13e, £, g, h, 1, §), but their numbers were not
counted,

In the normal control group (Table 1 and Pig. 14), 5% of the 20
sanples were found to be positive for megakaryocytes on day 0, nil on day
7, 10% on day 14, and sgain 10% on day 21. Of the 20 samples taken from
tusour~bearing rats, none cqntuincd wegakaryocytes on day 0, 23% on day 7,
55% on day 14, end 70% on day 21 (Tsble 2, Fig. 14)
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Statistical Analysis

Statistical analysis showed no significant difference (at 5%
leval) betwesn the results of days 0 and 7. But on day 14 (P < 0.01)
and diy 21 (P < 0.001) significant dlufct_'chcuvm:'ov'nithblhbcd. If the
results of the nrl.oiu_‘da'ya are taken togn;hqi.' the difference between
the tumour and control groups was highly significant (P < 0.001), the
incidence being higher in snimals with tumours, |

Discussion

L Various authors have reported the presance of megakaryocytes

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

. considerable variation, Tl_nré are two obvious rcuoha for this discrepancy.
Most investigators included the bare nuclel 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 megekaryocytes in the peripheral blood on the 7th day after
fnoculation, But a significent difference was found on the 14th day,
and this becane even more significant on tlhn‘:‘!'ht day. So it may be
assuved that as the neoplastic process advances these cells becoue more
evident in the peripheral blood, This agrees with the fhuﬁnga of some
investigators who state that megakaryocytes are more frequently seen in
the peripheral blood of patients with edvanced cencer then in early
cases. The implications of this will be discussed in a later chapter.
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TABLE 1. Incddence of circulating mogakaryocytes in normal rets.
" Day No. of Rats No. of Samples mmﬂ Incidence
0 - 20 20 None 5%
7 20 20 None 0%
U 20 20 Ncne 10%
21 20 20 None 104
TABLE 2, Effact of transplanted tumour.
Day No. of Rats No. of Samples g::g:;‘:: iIncidence
0 20 20 Subcutaneous 0%
Walker tumour
transplant,
r 20 20 255
U 20 20 - 55%
21 20 20 705
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EXPERIMENT 1

Effect of transplanted tumour

GROUP a = NORMAL RATS (@ -®)
100 _
GROUP b = RATS & TUMOUR(X—X)
g 80
3 %
2
- 60 |- /
2 x
)
3
[ P
o
- /. —————— ®
X 6=~ _ | 1
14 2l
Days
ON 14 DAYS
X2=7-294
P=<0-01
ON 21 DAYS
X2=12-604
P =< 001

FIGURE 14.

The incidence of megakaryoeytes in Experiment I

(Table I and Table 2)
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When the results for each group are coubined and compared, the
difference becomes highly significant, This indicates that the prasence
of a neoplastic tumour could indeed be a cause for the migration of
negaksryocytes from thelr anatomic site to the peripheral blood.

There has been no.couparative study in an experimental snimal
system. But the findings of this study are to some extent similar to
thoss of Traycovich (1964), who showed that megakaryocytes wers found
in the peripheral blood of 64% of aniwmals with tumours of various histo-
ldgicnl character in different anatomic sties. Unfortunately his report
gives no dct.ili of th-‘.tngo of the disease, aud‘h. had no nofmai

controli.
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Exparicent 2
l!f!cgt of Gﬁuul 'Anult.l;alh‘ and lhu. vrot>o‘mx

Rationale

Investigstors concerned with the study of basic biélogicar
problens have been using general ansesthetics as a laboratory tool only
(Wilson, 1902). It has been known for years that volatile anaesthetics
may inhibit cell division. Henderson first mentioned this in 1930, The
mechanisn of the effect &s still unknown. Recently Bruce et al.(1966)
suggested that in the case of halothane an alteration of the structure
and function of the cytoplasm may be the basis of inhibition of cell
division, Halothane maﬁ.l the peripheral cytoplasm rigid. The nature
of this change is unknown. Bruce et al. obsarved granulocytopenia after
gemeral anaesthesia with halothane. In the bone marrow they noted an fincrease
in the ratio of dividing to maturing DATYOW granulocytes. Lassen at al.
(1956) xeported that granulocytopenia and thrombocytopenia developed after
prolunged application of nitrous oxide, and Kieler et al. (1957) described
this gas as a "nitotic poison”. Cranulocytopenis and lymphocytopenis as
the result of general anaesthesia had been observed as early as 1928 by
Goldmsn. Recently Green (1963) reported a decrease in the peripheral
leukocyte count after general anassthesia. 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 doss
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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 oxygem in this respect, Ai these substances were used in the
present experiments, it was felt that their effect on the periphezal
megakaryocyte count should be determined, at least as a control study.
‘ It has been claimed that surgical trauma causes an increase in
the number of megakarybcytcs in peripheral blood (Hume, 1964), .This
increase has also been associated with a diurnal variation in the mega-
karyocyte count, There is no definite evideace tc suggest surgical traums
as the cause of the increase in circulating megakaryocytes. Williams et
al.(1955) had suggested this possibility after demonatrating a drop in
the platelet gount and an increase in wmegakaryocytes in the bone marrow
following surxgical interventions.

In the course of the present investigation several operative
procedures have been used, It was, therefore, essential to deternine
vhether 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
describad in the previous chapter, using ether. Anaesthesia vas maintained

for 10 minutes before blood was collected for examination.
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Jechnique cf Laparotomy

. The anterior abdominal wall of the anaesthetized rats was .
shaved and painted with 57 hibitsne. A midline incision was: wade, .
starting 1 em. below the xiphoid process and 3.cm. long. The rectus
sheath was split by incision and the peritoneal cavity lxposcd,v;After
palpation of the intra-abdominal structures, catgut No,. 1 was used to close
the peritoneun and suture the rectus sheath. The skin was spposed with
Mitchel's. clips and the wound dressed with dry gauze. The Mitchel's
clips were removed after 7 decys. . -
¢ . .Blood for the determimation of circulating megakaryocytes was
collected on days O, 7, 14 :and 21, as in the previous experiment.,
Results
" The rats m ‘this study ‘had been divided fnto two groups of 12.
The first group (a) had been givtn gcnntnl anncsthnsia only and the
incidenco of mognhntyocytua tn their dlood was nil on day 0, 8.31 on doy 7,
8.3% on day 14, and 16.7% on day 21 (Table 3 and Fig. 15). The second
3ioué;gad a lafafoiémy done under general ansesthesia. Here the lncidéncc
of circulating megakaryocytes was 8,3% on dsy 7, 16.7% on day 14 and 16,7%
on dey 21, |
Statistical analysil showed no nlgﬁificant difference between .
the results for the two.groups on corresponding days. Nor was there any
significant difference when the results of individual days wers added up

and compared, Comparison between the percentage of positives found in
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TABLE 3. Iffect of goneral anaesthesia.

Day No, of Rats No, of Samples Nature of Inecidence of
Treatment EGK in blood

o 12 12 General o
anaesthesia

7 12 12 8.37%

U 12 12 16,75

21 12 12 16, 7%

e

TABLE . Bffect of laparotomy.

3

Day o, of Rats No. of Samples Nature of Incidence of
Treatuent EGK in blood

o) 12 12 Laparotory 835
7 12 12 84 356
1 12 12 16, T

21 12 12 16, 7%




°/ of positive samples
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EXPERIMENT 2
Effect of general anaesthesia +

laparotomy.
100~
GROUP a = GENERAL ANAESTHESIA
80 Groupb- LAPAROTOMY
60 -
40|
20—
O ------ l______________*‘__-—;—-.—.:—f;""¥
7 14 2|
Days
qQe--o b x—x
FIGURE 15,

Graphic representation of Tables 3 and 4
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efther of the two groups and control group (a) of * : Experiment 1 also

failed to roveal any significant difference.

Dinculnion

lefcrant iuvcstigators hava shown that granuloeytopcnia,
lympbocytopcnla and thrombocytoptnln OCCUT as & retult of gcnoral |
nnaclthonia. Nothing has bocu reported so fat on tho mcgakaryocyt. count
in p;riphoral blood aftcr gcnoral anaesthesia. Humo (1966) cluimnd to have
obaetv;d an incronno ii circulating mc;aknry?cytou tho£ surgic;l oﬁcracions
1nvhﬁman pnficntn, but she clsoéiatnd the increase with a diurnal variation
in the number of thesa cells in the pcrlph.rai blﬁod. Apart from a
suggestion made by ﬁolﬁo (1959), £here is no dcflnifo aevidence that mega-
karyocytes are associated with surgical trauma,

Circulating megakaryocytes have been studied in two groups of:
rats, one of which had general ansesthesis only, and the other laparotomy
under general ana¢sthesia. A comparison of the incidence of these cells
in the two groups on corresponding days showed no significant difference.
Both groups also failed to show significant differences whan compared with
a normal control group. These findings demonstrate that neither general
ansecthesia nor surgical trauma affect the incidence of megakaryocytes in

the peripheral blood,
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rinent 3

The Bffect of Naﬁ-!ggglfic Su!ogggghi and Granuloma

Rationale

There is nothing in the literature to indicate whether the
subcutaneous injection of bland or irritant substances, or a subcutaneous
granulona, produces an increase in the number of circulating megakaryocytes.
Subcutaneous injections of turpentine produce nasty looking ulcerating
granulomata. Morphologically these give the iwmpression of a tumour.
Arachis oil 13 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

tunour or tumour cell suspension which may be studied separately.

Materials and Method
30 rats with a wean weight of 264 gms. (SD + 8,73) were divided

;nﬁo three groups of ten each, The first group (a) were given a subcu-

~ taneous injection of 0.2 ml. of turpentine in the right fiank. Injections
~ were given with a ﬁo. 15 needle on the 1st, 3rd, 5th ;n& 9th days. The
rats in group two (b) were‘given ;rachls oil and those in group three (c)
‘saline,’ 1n the saue amount and at the saue intervals as for group onse,

The skin of the flank was shaved before - giving an 1nject£an. and sterile

ptocedure was maintained as far as possible.
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Regults

In the first group of rats (a) which had been infjected with
turpentine, none of the blood samﬁlas taken on days U and 7 ware poaitive,
On day 14, 207% of the 10 samples were positive, and on day 21 again 20%
were poaitive (Table 5, Pig, 16).

Croup two (b) were injected with arachis oil. On day 0, none
of the ten blood samples taken were positive. On days 7, 14 and 21, 10%°
wera positive (Table 6, Fig. 16).

Group three (c) were injected with saline. The incideuce of
positive samples was as follows: on day O, nonej on day 7, 20%s on daya
14 and 21, 10% of the tem blood iamples (Table 7, Fig. 16).

Statisticnl An.lznis

Chi square analysis of the results of the three groupn'an
corresponding days showed no significant differences. When the results of
difféerent days were combined and compared, these tco showed mo significant
differences, Nor were significant differences observed on comparing the
three experimental groups with the normal control group of rats (Expt. 1,

Cr. a)

Disgussian | .

| | Various toxin- and drugs have been reported to ceuse changoa in
thc peripheral blood cell count. But thnru is nothing in the litcraturo

to 1nd!catc vhether the incidence of circulating megakaryocytes ia affected.

Three subatances, turpentine, arachis oil and saline ware selected for
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Effect of turpentine injected subcutansously.

TAELE 5.
Day No, of Rats No. of Samples Nature of Incidence of
Treatment KGK in blood
0 10 10 Subeutaneous 0%
injection of
turpentine
7 10 10 05
U 10 10 205
21 10 10 20%
TABLE 6, Effect of arachis oil injeoted subcutaneously.
Day No, of Rats No, of Samples Nature of Incidence of
Treatment EGK in blood
o 10 10 Subcutanecus 056
injection of
arachis oil
7 10 10 2063
1% 10 10 30%
21 10 10 105
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TABLE 7. Effect of normal saline injected subecutanecualy.
Day No. of Rats No, of Semples Kature of Incidence of
Treatment EGK 4n blood
0 10 10 Subcutanecus 0%
injection of
normal saline
7 10 10 10,2
14 10 10 10,
21 10 10 105
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reasons given above. The systemic actions of these substances appear to
have produced no demonstzable effact on the incidence of megakaryocytes
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 iu the peripheral blood.
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EXPERIMENT 3
Effect of non-specific substances.

100

a 8ol GROUP a =TURPENTINE
% GROUP b = NORMAL SALINE
= GROUP ¢ = ARACHIS OlL
o

(Tg]

o 60

>

-

(Tg]

o T

S 40

e

o
=~ 20

FIGURE 16.

Graphic representation of Tables 5, 6 and 7
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'E§2eriment & o

The Effect of ACTH

Rationale

The effects of adrenocoxtocotrophic hormone on blood and on the
haematopoiatic systen are well documented. Antopal (1950 noted lymphopenia
in the perfpheral blood and lymphoid hyperplasia after injection of massive
doges of ACTH: Eosinopenia and lymphopenia after injections of cortisone
and adremocorticotrophic hormone were reported by several investigators
(Hill, 19483 Guittner, 19513 Yoffes, 1956). Repeated injections of ACTH
cause an increase in ths cellularity of bone marrow (Yoffee, 1967). Only
the nyeloid and erythfold elenents ware found to be increased, with
lymphocytes remaining unaffected {Yoffee, 1952). Adremocorticotrophic
hormone directly or indirectly sticulates the formation of cells in the
bone warrow (Hndlﬁn. 1952). Eosinopenia 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 adrenocroticotrophic hormone (Williams, 1961), Unfottunnteiy-notﬁing‘
has been reporied on the effect of ACTH on the imcidence of circulating
wegakaryocytes. It has baen demonatrated that surgical trauma increases
ACTH activity in the blood (Sayer, 19:9).

Investigations on the incidence of megakaryocytes in the peripheral

blood after injections of adrenocorticotrophic hormone thersfore aeened
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indicated:. It was also thought necessary to study the coubined effect
of this hornone 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 “‘!ﬂ'

40 rats vwith an average weight of 257 gms. (8D t 7.57) vere

. divided into four groups of ten each. The first group (s) were given
subcutaneous injections of 10% W/V Rheomacrodex which contsins Dextran
RMI 10gms., NaCl .9 gu. and water for injection to make up 100 ml. Each
anfimal received 0.2 nl. in the right flank on ths 1st, 4th, 7th, 10th,
13th, 16th snd 19th days, so that the local concentration of the drug
vas uaintained.

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

_in the xight 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) had a laparotomy done on the 1st
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 ACTH injections as group (b). The techmique of laparo-
tomy. wvas exactly the same as described for tha earlier experiment.

Blood was taken fyom the hsaxt om day 0, 7, 14 and 21, and

exsnined for megakaryocytes..
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Results

In the first group of rats (a). who Iﬁd been given subcutaneocus
injections of thamicrodcx, 0% of the 10 bdlood sanples were positive on
days 0, 7, 14 and 21 (Table 8, Pig. 17). In group two.(b) who had received
subcutsneous injections of ACTH, 0% of the 10 blood samples were positive
on days O and 7, 10% on days 14 and 21 (Tadble 9, Fig. 17). |

In group three (c), laparotoxy and Rheomacrodex, the results
were O% on day 0, 30% on day 7, 20% on day 14 and 20% on day 21 (Table 10,
Fig. 17). 1In the fourth group (d), laparotomy and ACTM, 0% of the ten
blood sauples were positive on day O and 20% on day 7, and days 14 and 21
had 30% and 10% positive respectively (Table 11, Fig. 17). |

Statistical is

‘l‘hi combined results of the different days were statistically
analysed. No significent differences wexre found baetween any two groups.
Comparison of the results of cach group with the mormal control group also

revealed no significent differences.

Discussion

Other workers have observed that aftexr ACTH therapy or surgical
operations the thrombocyte count in the blood goes dovn and th. rega-
karyocyte count in the bone marrow goes up. The results of the above
experinent indicate that no significant changs occurs in the incidence
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TABLE 8, Zffect of Rhecmacrodex..
Day lo. of Rats Ho. of Semples KHature of Incldence
Treatment
0 10 10 Subecutaneocus 0%
Rheounacrodex
7 10 10 02
I 10 10 20%
21 10 10 20%
TABLE 9. iffeoct of Adrsnocorticotrophic hormecne.
Day No, of Rats No. of Samples Nature of Incidence
Treatment
v} 10 10 Subcutaneous (174
injection of
ACTH
7 10 10 107
b7 10 10 105%
21 10 10 0%
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TABLE 10, Effect of Laparotomy and Rheooacrodex.

Day No. of Rats No., of Samples Rature of Incidence of

Trecetoent ¥GK in dlood
0 10 10 Laparotony 0%

and
Rhecnacrodex

7 10 10 3056
L 10 10 2055
21 10 10 20%

TABLE 11. Effect of Laparotony and Adrenocorticotrophlc hormone,

Day Ko, of Rats No, of Samples Hature of Incidence of
Treatuent KGK in blood

0 10 10 Laparotomy o
and ACTH

7 10 10 205

% 10 10 30/

21 10 10 10/
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of circulating wegakaryocytes after the adminjstration of ACTH, either
alone or in combination with surgical operation. It is therefore obvious
that ACTH on its own does not effect the megakaryocyte level in the blood.
Combining our results with those of others it may be assuned that the
incidence of circulating megakaryocytes is not related to thrombocytopenic
conditions of the blood or to an fncreased 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 ralation between the hlood platelet level

and the incidence of circulating megakaryocytes are given in a later

chapter.
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EXPERIMENT 4

Effect of surgery, ACTH and macro-
molecular substances.

100
GROUP a = RHEOMACRODEX
0 GROUP b= ACTH
'E- 80 L GROUP ¢ = LAPAROTOMY + RHEOMACRODEX
g GROUP d = LAPAROTOMY + ACTH
O
> 60
et
R
a
2 40
o
=~
20
'd /' V
0 ‘_,._/__-"/ l\x
T 19 21
Days after treatment
Q-@-D
b = x—X
c =0—0
d :A- ‘A
FIGURE 17,

Graphic representation of Tables 8,9, 10and 11,
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Egnériment 5

The Effect of Excising the Tumour

Rationale

Several 1nvést£gatofs have reported that in patfents with
cancér!the incidence of circulating megakaryocytes; pafticulurlf'intact
ones, 1s 1nCreased; Thés has already been'discusbed in ihb'historical
revlew'given in the first chaptef.’ Experimental evidence from aﬁlmél
studies so far has been inadequate, In the present study, the first
group of exﬁerimeuts héve alréady showvn that the 1ncidence of circulating
negakaryocytes is significantly increased in animals with tumcurs. Various
other control experfuents 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

turour,

Materials and Methods

44 male rats were divided into three groups, Group one (5a)
consisted of 12 normal rats, and a slzple skin excision was made in tha
flaogk of each, Group two consisted of 20 rats (5b) with inoculation
_tusours which were later rsaoved completely. Croup three (5c) consisted

of 12 rats only, These were givea tuzour incculations and later part of
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the tumour was cxcised. The wean weight of these rats was 2938.30 gus.

(sD + 9.58).

The techni.ue of tusour inoculation was the same as in the
previous experiments. It had then beem found that about 14 days after
the tumour transplantation circulating megakaryocytes would be found in
apptokimately 30% oi the sauples. It was dccided,~thete£cré,'t6 grow the

tustours for 14 days and then excise them either coupletely or incompletely.

Technique of Skin Excision
The tats were anaesthetlzed and the skin was painted with 51

hibitane, A :pindlo-shaped plece of skin, 3 cm. by 2 cm., was removed
together with the subcutaneous tissue. The wound narglus were apposed
in two layers, as in the othar two groups. Michel's clips and a light
sterile dreasing were applied and zemoved on the 7th day.

In group one (5a) which had only had the skin ex;ision. blood
was drawn on days O, 7, 15, 21 and 28, In group two (5b) with total
excision of the tumour, blood was taken om days 0, 7, 14, 21, 28 and 50,
and iﬁ group three (5¢) with partial excisiom, 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. -

Techuique of ngglgtc Rxcision of the Igzg ur

The animals were given general anaesthosll. The akln over the

tumout and in the surrounding azea was shaved wlth electric clippcru.
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Gteat- care was taken. .o avoid handling tha tumour wore than necessary and
~ to avold traunatiziog the local_skin. .

The oyezatian was performed under coupletely sterile couditions.
The tumour was exciged together with a 1 ca, wmargin of healthy skin. The
whole thickneas of'luﬁcutaneouS'tiséue was zrewuoved with the tumour, :
leaving & clean fascial bese. Bleeding points wers clauped and ligatad,
The wound wargins were apposed and closed in two layers, first the -
subcutaneous layex and them the skin, Good apposition was achieﬁad without
diffiéulty. because the skin of rats is very loose. Michel's clips were
used to hold the akin'togéthe:, aﬁd the wouﬁd was covered with ciean
3au£e an& a snall plece of elastoplast. Thin dfassing aﬁé the Hich‘l'l

clips wvere removed on the 7th day.

Partial Excision of the Tumour

The teclnique used for partial removal of the tumour was
eseentially the same as that of total excision. The tunour was dissected
out, keeping {ts blood supply intact. The so-called.capsule of the
tumour was incised beforehand. Then approximately two thizds of the
tunour vere revoved and:the capsule was sutured, Closure of the wound

and dressings were as for total excision.

Rasults _
Group one (5a) consisted cf nox:al xats who had had a skin

excision only. On day .0 none of the 12 blood samples were positive for
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megakaryocytes. On day 7, 8.3% and om day 14, 16,7% of the 12 samples were
positive; on day 21, 25% of 12 sanmples and on day 28, 16.7% of 12 sauples
-are positive (Table 12, Pig. 18).

.Group two (3b) had had the total tumour removed. On day O, the
tunours were 15 days old and the average volume was 4.818 cc (SD + 1.102).
603 of the 20 blood semples taken on &y o woro,pés!,tivc for megakaryocytes.
On day 7, Li.e. 7 days after corplete excision of the tumour, 70% of the
20 samples taken were positive. On day 14, 43% of 20 samples ware positive,
on day 21; 26,32 of 19 samples, and on day 28, 33.51.I of 19 samples. The
rats wers kept alive until the 50th day, vhen the lsst sample was drawm.
On day Sb. 27.8% 6! 18 samples were positive. (Table 1.3. rig. 18);

A careful postmortem examination of every r;t was done snd
sunp;ctcd tissues vere exanined for possible tututnu.} In fact, two
rats died bafoxe the 50th day cnd both lml lung metastases (Fig. 19).
One of them lud 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 tunours mu 15 days old, with an average
volum of 4.846 (SD + .921). Oa day 0, 58.3% o! 12 blood samples wers
pocuhn for mognhtyocytu.m day 7, i.e. 7 days oftcr partial excision
of tha tumour, 50% of the 12 sanples were positive; on day 14, 58.3% of
12 samples; on day 21, 66.7% of 12 samples, and om day 28, 87.5% of 8
samples, By the 28th day, 4 of the 12 rats had died and ell the rats
were dead by the 35th day (Table 14, Fig. 18). |



Careful postinorten exarinations and histological studies were
_deme on these rvats. Tio of the 12 also had lung metastases, The rest

died because of the huge local tunour.

Statistical Anaixsil
In group'cwo'(sy) with complete axcision of the tumour, comparison
of the results of individual days after excision with those of day b
showed no significant differences on days 7, 14 au& 28, But a significant
di{fqreﬁce at 10% level was found on deys 21 and 50. On day 21, X2= 3.230
‘and on day 50, ¥? = 2,706, |
o © *  Similar comparigons in group three, with partial excision, and
' group ome, mormal rats with skin excision, showed no significant differences
between the results obtained before and after the operation.
VYhen the results of the group with complete tumour excision
were compaved vlth those of the group with skin excisicn, significant
"differences were seer on days 0(P < 0,01) and 7 (P < 0.01). The other
days vere not significent,
Couparison of the results for the group with partial execision
of the tumour and the group with skin excision showed a significent
difference on day 0 (P < 0.01), no significant differeunce ou days 7, 14
and 21, and again a significant difference on day 28 (P < 0.01).
When the vesults of couplete excision were coupared with those

of partilal excisicn, no significaent differences were seen on days 0, 7
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TABLE 12, Effect of excision of skin,

Day lio. of Rats No. of Samples Nature of Incidence of
Treatunent ¥GK in blood

0 12 12 None (7

7 12 12 Excdsion "Be3%
of skin

b8 12 12 16,7

21 12 12 25%

28 12 12 16, To
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TABLE 13. Effect of complete excision of tumour.
Day ﬁo. of Rats No. of Samples Nature of Incidence of
Treatnent *¢K in blood
0 20 20 Hone 60%
7 20 20 Conplete 70%
excision
of tumour
U 20 20 45%
21 19 . 19 26435
28 19 19 33435
50 18 18 27.85%
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TABLE k. Effect of partial excision of tumcur.
Day No. of Rats No, of Semples Nature of Incidence of
Treatment EGK in blood
(o} 12 12 None - tumour 58,3/
transplanted
19 days ago
7 12 12 Partial 507
excision
of tumour
1% 12 12 58,35
21 12 12 66. 7%
28 8 8 87.5%
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EXPERIMENT 5

Effect of excision of tumour

0—o0 GROUP a = EXCISION OF SKIN.
100

80

60

40

20

M-

e—e GROUP b = COMPLETE EXCISION OF TUMOUR
O—0O GROUP ¢ = PARTIAL EXCISION OF TUMOUR.

7 14 2l 28

Days after treatment
GROUP b V GROUP a (EXPT 1)
‘0" DAY X2=11-396 P <£0-001
21 DAY = NO SIGNIFICANT DIFFERENCE
GROUP cV GROUPa (EXPT 1)
‘7’ DAY %2= 9.244 P<¢0-01

FIGURE 18,

Graphic representation of Tables 12, 13 and 14.

50






and 14, But the rasulis of days 21 (P < 0.05) and 23 (P < 0,05) were
signﬂficaucly different, the conpleie excision group belng lower,

© Cozpardison ‘of the results of coupleie excision wich those of
the norcal control group (a) of Experiuent 1 gave significan:t differences

on day 0 (? < 0.03) ang day 7 (P < 0.05), but none on the later days.

Discussion

Several authors have reported an increase in circulatiﬁg mega=

karyocytes In association with advanced carcinowa, Receatly Malmgren et
~al. (1966) have deseribed theeffect of cheuotherapy snd irradiation on the
" incidence of circulating megakaryocytes in cancer patients, WNothing has
béen reported so far on the Incidence of circulating wcegakaryocytes after
surgical oxcision of the tunour,

In this experiment, the anisals were divided in three groups.
Those in group (a) had a skin excision only., In group (b) an inoculation
tunour. was completely remsved, and in group (c) the tunour was partly
reaovad,

In the coumplate excision group, repeated megakaryocyte counts
at regular intorvals showed a steady decrease in the incidence of these
cells, An initlal rise 7 days after excision of the tumour way be’
attributed to othexr factors apart from any remaining tumour activity,
asong thég7;dded effect of surgical trausa and changes diue to general -

anaesthesia. The tuncur may have been producing an. eifect which regulated



viegakaryocyte circulation, and this uight have contiuuved for some time
after the tumour was vewveds Ox i: vay be that ine changes occuring in
the anatoniical sites of uegalkaryocytie producticn take scume tiwe to retumm
to thoe normal once the influence of the tumcur and its products is rewoved,

sfter excision of the tumour the incidence of circulating mega-~
karyocytes decreases slowly but steadily, In animals where the whole
tumour had been removed the decrease becaue siguificant 21 days sfter
exclaion of the tumour. The same result was obiained 55 days after the
operaiion. On both these days the difference was significant at tﬁa level
of 10 per. cent, | |

In the case of the aniuals which had had partial excision of the
tunour, the incidence of circulating megakaryocytes showed no ltgniflclni
changes on any day after the operation when compared to that before
cperation., The tumour continued to grow at the usual rate and ali 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
soce indicatfon that the tumour volume is to some degree related to the
incidence of circulating megakaryocytes, This relation may not be A
straightforward one, ,

On . postiuorten exauination, lung metastsses were found (Fig. 19)
in two enimals 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 uetastases, and in both :hesa casaes
the survival tiue was shorter than for the rast of the group. There was
no evidence ui Loue metastases, though it has been suggested that any
condicion which involves the bone warrow and causes softening (Minot,
1922, 1923) uay cause .egakaryocytes Lo enter the circulating blood.

It is apparent that it takes longer for the incidence 6f
circulatiﬁg uegakaryocytes to go down after excision of the tumour than
it took for it to increase during tuaour growth. 'The volume of the tumour
appears to shaw a direct.reiatian to the incidence of unegakaryocyces, but
it would geen that other factors are also involved, which afe ini.tiated

by the presence of the tuwour.
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Experinent 6

gffect of our and Other Tissue enates

Rationzle

In 1948 Nakahara and Fakuoka isolated a substance frum tumour
tissue vhich caused a decrease in liver catalsse activity vhen injected
into normal animals. This finding was soon confirmed by others (Grean-
Field and Miester, 19513 Kwamorita, Kosuge and Kikswa, 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 tisswe. This lowers the liver catalase activity
to a limited degree (Kempschuidt et al., 1959 and 1960). Kempschmidt
and his colleagues recorded various effects due to toxohormone. They
suggested that it way cause involution of the thymus, lower the plasma
iron 1.%3?732%1-. 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 vas s more sensitive index than the
reduction of liver catalase activity.

Bacteria and bactarial extracts produce effects very similar to
those caused by toxohormone, such as a reduction in liver catalase
activity and in plasua iron (Kempschmidt, Schults, McKinzie, 1962). In

the case of tumours contaminated with bacteria {t is possible that those
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two factors, the toxchorumone and the bacterial factor, might be additive,
The striking changes in liver catalase activity and plasma iron observed
by Iump‘achmldt et al. (1§63¢. '196‘ﬁl)ywith bacteria-contaminated tumours
night therefore be attributed to an additive effect.

Matsuoka et al. (1964) have shown recently that a toxohormone
prepared from a fibrosarcoms free from bacterial contamination produced
a marked depression of liver catalase activity in vivo. Nixon (1966) -
found that toxohoymons from uncontaminated tumour tissue showed significantly
higher activity than toxchormone from contaminated tumours. This might
signify that bacterial contsminstion antagonizes the Acﬁlvi.ty of toxo-
hormone from tumour tissue. Nixon used a Walker 256 carcimosarcoma, vhere
repeated cultures from tumour tissue had shown no bacterial growth. The
toxohormone prepared frou this bacteria-free tumour tissue showed
consistently sicilar results.

Extracts of bacteria-free normal kidney and splenic tissue were
also found to depress the serum ixon level in nmice (Nixom, 1966). Nixon
established that normal kidney and splenic tissue has a protéin content
comparable to that of many tumour extracts, whereas liver and muscle
extracts yleld 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 nedical
literature gives considerable support to the suggestion that soms 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 wany occasions been reported to produce Cushing's
syndrome with nothing to indicate involvement of the suprarenal gland
(Estridge et al., 1965; Golub, 1964).

No report is available on the effect of these tumours on the
bone marrow, particularly in relation to magakaryocytes at that site ét
in circulation, Very recently Catayee and Bicehieray (1966) demonstrated
an increase in the number of megakaryocytes in the splenic p’ulp'ami 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 negakaryo-

cyte count,

Hniafih: and Methods ,

65 nale rats w!.th an anngo walzht of 296 40 gus. (SD + 11.79)
were uud for t.hh cxpoti.mcnt. Group one (6:) conlhud ot 20 uu.
These wcrn glm lnjoctlom of 0 2 ml. o! Wnlknr 256 carclnm tluu;
homogmto in tln rl.ght tlnnk on tho 1lt. 3rd, Sth, 7th, 9th, 11th, 13th.
15th. 17th and 19th day.

GCroup two (6b) consisted of 15 rats. 'l'h-u ucund lubcutmous
lnjcctlons of 0.2 wl. of muclo homo;mtc at t.ho sane nltc md 1n th-
same fuqucncy as group one. The mulelc tluuc for tlu homogmte was

obuiucd from a nomal hogonlc rat of the same welght as the nean weight



98

of the group. _

15 zats formed group three (6¢c). They were given injections at
the sane site and in the same freguency of 0.2 ml. of a liver houogenats.
The liver tissue was obtained from an isogenic rat of spproximately the
sane weight as the rats in '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
wvas the same as for group one. The splenic tissue for the homogenate was
obtained from an fsogenic rat of approximately the same weight. as the
aversge for this group.

The technique of tissue homogenate preparation has been described
in a previous chapter. Before injecting the homogenate, a smear was nade
and vet stained with 0.5% methyl blue to make sure that it contained no
intact cells, The vhole procedurs was carried out under sterile conditions.

Blood was collected from the rats on day O, 7, 14 and 21,

Results

In group one (ea). mjccud wlth Walkor tumour homogenate, none
of thc 20 blood umpln ulun on day 0 ware positive for megakaryocytes..
On day 7, 20% wers positive, 40% on day 14, and S0% on day 21, (Table 15,
Fig. 20).

In group two (6b), fnjected with muscle homogenate, none of the
15 sauples were positive on day 0, 26,7% on day 7 gnd again on day 14,
and 13.3% on day 21 (Tsble 16, Fig. 20).
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. In group three (6c), injected with liver homogenate, agsin
none vere positive on day O, On day 7, 26.7% of the 15 .samplaes were .
positive, on days 14 and 21 likewise 26.7% (Table 17, ¥ig. 20).

In group four (6d), injected with splenic tissue homogenate,
none of the 15 savples ware positive on day 0, 13.3% on day 7, 20% on:
day 14 and 26.7% or day 21 (Table 18, Pig. 20). :

nthtlgd Q iz'-ia |
- sueuuuny, no upmun: auf.unc. could bc uubu-lud
whon ‘any two gtoupl wcr- com’u'cd.

Oompari.lon o! tlu ﬁut group, injccud with tumour homogmu.
with the noml conttol gtoup (n) of xxpuimont 1 .hmd no algniﬂmt
dlu‘crouen on dayl O, 7 and 110. lut thc tuuln o! day 21 apput to be
si;niﬁe.ntly different (P < 0 02). wlth thn hi;hct incldencc in the
tumour homogmtc group,

Comparim of the isecond. third md ‘““m gtou'po with the
control group (1a) revealed no significant differences.

Agsin, vhen 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 results of different days were combined and compared .
betwaen two groups, a significant difference was observed between the .
group of rats injected with Walker tissue homogenate (6a) nnd‘ 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 llo, of Rats Ko, of Samples Nature of Incidence of
. Treatment GK in blood
0 20 20 Subocutaneocus 0%
injJection of
Walker tumour
honogenate
7 20 20 205
U 20 20 Lo
21 20 20 505
TABLE 16. Effect of muscle tumour homogenate.
Day Noc., of Rats No, of Samples Neture of Incldence of
Treatment ¥GK in bdlood
0 15 15 Subsutaneous v 74
injection of
muscle tissue
homogenate
7 15 15 | 26. T
U 15 15 26,75
21 15 15 13435
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u{feet of liver honomanabo.

. . Tature of | Incidense of
Day flos of Rats| o, of lamaples Tre;mont LGE “:;:n
Blood
0 15 15 Subcutancous 0
injection of
liver
honorenate
7 15 15 26.7,5
14 15 15 2647,
21 15 15 2647

TABLE 1C.

Lffoct of opleonic tiscue honozcnatc.

) . Laturo of [Incidcnoe of
Lay Hoe of Nots| o of Cwmlaes Treateont [ in
Blood
0 15 15 Subeutancous g,
injcetion of
cplenle tissuo
homogenate . )
1 15 15 13.3-
14 15 15 20,5
2l 15 15 26T/
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Experiment 6

Effect of tissue homogenate
00—

°/,of positive samples

GROUP a= WALKER TUMOUR
80 TISSUE HOMOGENATE .
— GROUP b= RAT MUSCLE HOMOGENATE.
GROUP c= w LIVER
GROUP d " SPLEEN
60}
40
20—
0 | | B
7 14 2|

Days after treatment

GROUP aV GROUP a ( EXPT. 1)
%2=11-406 P= <0-001

GROUP ¢ V GROUPa (EXPT.1)
, x2 - 4885 P < 005

FIGURE 20.

Graphic representation of Tables 15, 16, 17 and 18,
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homogenate, injections and the normal comtrol group (1a) (P < .05).
Diicugsioﬁ - -

| " The recent ohurntlm by Clny« and llcchuny (1966) on

the cﬂcct ot tmur .xtncu on mcgckaryocyuc !uvc bun of cmid.nblc
lntctu:. 'l'luy obumd that. both ttnou and tmour cxt.net lncruu the
mnbor of mgahryocytu h tho oplcnic pulp nnd the vucular lm of

the splesn to a comidoublc extent, vhereas adr&nhcoiﬂcbtrophic hormone
hilcd to produce such an effect. This study has utablhhcd tlut
oubcutmouu hjncttml of a tumouy homogmto causs a ligalncaut rlu in
the incidence of circuhtlu; mnkuyocyul. It i.n most ukoly that
mcgahryocyul have migrated from that site to the blood and other tissues,

The obumt.iou mado in this experiment therefore fit in very
wall witli those of cuayu.

Nixon (1966) qhicmd that injectioms of tumourextract, normal -
kidney and splenic extract hivo 8 sinilar effect on the "um fron leval.
It appears that thess tissues contain a common factor, Could this be a
product of the mitotic cells? The numbezr of mitotic cells 2 much higher
in tumour tissus than in any mormal tissue. WNixon also demonstrated that
tumént tissua extract depresses serun iron protein to a greater extent
than kidney and splenic extracts do. In the present study, no iignlﬁunt
differance was observed in the incidence of circulating rwegakaryocytes
when groups imjected with nmuscle and splenic homogenate respectivaly

were conpared with the normal control group (1a). But comparison of a
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group injected with liver homogenate with the normal .control group (1a)

did show a significant difference (P < 0.05). All the experimental groups
showed a slight increase in citcuhti.ng mgakaryocytca. but this was not
statistically s!.gnulcant. It would he interesting to !ollaw up the

group of animals injected with normal tissue homo;ennte !'ot a ‘much longor
parlod. 'ﬂm signiﬂcsncc was much lower with livor homogmtc than for
the group wlth tumour homogcnate. Perhaps the active principle in quostlon
!.s contained in the rat liver rathcr than the oplccn.

'm- results of this study Justify the statemont that the Walker
tuméur contains some wbatmcu which induces megakaryocytes to migrate
from tito bonte marrow 61' réduces the fragiliiy of these cell s. It &8
possible that the tumour sharea the same active prineciple with the liver

of the rat, which ptoducu a sinilar effect.
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. The S_n_:grgrml qhndl and Cotthone and Thelr Influence on the
Megakaryocyte Count

Rationale

The previous experiments have established that the malignant
tumour directly influences the incidence of clirculating megakaryocyteas
in the rat, This effect may be produced directly by the tumour,. 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 (Romsdahl et al., 1964). It is known that two
very important endocrine glands are responsible for the raaction of the
body to any external or internal stress. These are the pituitary gland
and the suprarenal glands. Minot (1922, 1923) suggested that the
nigration of wagakaryocytes from the bone marrow to the blood suggests
a considerable strain on the boue marrow, If this is true, it will be
worth invesglgnting vhather this effect is wediated through the pituitary
and suprarenal glands, '

Recently Smith (1967) produced benign and malignant tumours in
rats by injecting DMBA (9f1Q-Dtmothy1-1, 2-Benzanthracene). Smith claimed
vthlat he found significantly heavier pituitary glgnds in thc’grou’ of rats
with boalgn tumours than in thou with malignant tunouu. At the same
tim- the onriu vere slgni.ﬂ.untly mllur in thc un with bcnlgn

tumours. The adrenals vers cllo mlghcd. but. no slgnlflunt urhtion
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wvas observed.

The fact that the pituitary and suprarenal glands taapond to
strcas ia woll cstablinhcd (Sclyc. Johnston. 19&6). Say.r and Say.t
(1949) classified the :ecetions to sttcls in four categories. It is
probably the third of Sayex's categories which is encountered in malignant
neoplasia, with hypertrophy of the suprarenal glands, and very low levels
of sudanophilic substance, cholesterol and asecorbic acid in these glands.

. The effect of cortisone and adrenocorticotrophic hormone on
the blood and bone marrow has been studied by varfous investigators. 1In
wice, massive doses of cortisone produced lymphoid hyperplasia and
lymphopenia in the peripheral blood (Aatopol, 1950), A decrease in
eosinophils and lymphocytes was also noted by Hill (1948), Quittner
(1951) and Yoffee (1967). Quittner studied the effect of cortisone om
cellular proliferation in the bone marrow and was unable to demonstrate
any inhibitory action. Yoffee (1933) demonstrated increased cellularity
in the bone nmarrow after repeated injections of ACTH. He found that the
myeloid and erythrold elements in the bone marrow increased, but the
lymphoid elements remained unaffected. ACTH way directly or indirectly
stimulate the foraation of new cells in the bone marrow (Hudson, 1952).

Rosinopenia and thrombocytopenis together with increased
negakaryocyte activity in bone marrow wers observed by William, Belko
and Warren (1955, 196%) after surgical operations, single or repeated
doges of ACTH, Unfortunately no data are available on the effect of ACTH

and cortisone on the incidence of cireulating megakaryocytes.
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In view of the fact that adrenocorticotrophic hornone and cortisone
control - gome cell elements in the blood and bone marrow under certain
physiological conditivtis, it was decided to study the effects of
adrenalectony and injoctiona of ‘cortisone on the incidence of circulating

megakaryocytes under nornal and pathological conditioms,

.Hnuxh nd M t.hodl |

92 zats with a wean walght. of 292 gma. (SD + 1. 71) were uud
in this oxpeumt. Thny were divided into Hve groupu. ’

Group one (70) consiated of 12 rats. Thue !ud a bilateral
adfoﬁahctomy and the ﬂ.nt blood umplo vas takeu alioui 14 daya'afur
thc oparatlon. the day of tha ﬂrst couoctlon countlng as day 0. After
that blood was couoctod on days 7, 14 and 21, | |

In group two (7b) a bilateral adreualectomy was done on 20 rets.
15 days after the opcration thcy received a tumour transplant, nnd the
day o! the trmsplmt counted as day 1. Blood was collected on dayu 0.
7, 14 and 21. ' |

m third group (7c‘) ‘also coﬁiisted ‘ofv 20 ‘animais'. “mu.o had
a bllateral adrenalectomy and 15 daya' later a tumour trensplint.. In
addition they were givcn 1 microgram of cortisone lntraperitonuuy on
alternate days fron thc day after the tunour transplant untn the 21st
day. (The cortisyl was suppliod by Roussel, London, England). The day
of the ‘tunour tiansplant ywn taken as day 1, Blood waé collected Vtrom

the heart on days 0, 7, 14 énd 21, and examined for mcgakaiyocytu.
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Technique of Adrenalectomy

"' ‘The rats were aniesthetized on the saie general principle as
followed throughout this etudy. They were pla‘éﬁ in t-.bc‘pi'dncvposttion
and the skin of the back was sbaved and painted with 5% bibitane. A
single midline fnciston was wads along the spines of the vertabral colusm
frou the 10th thoracic to the 3rd lunbar vertebra. This corxesponds to
the level of the kidney. The skin was zetracted on-the right side to’
exposs the right paravertebral wuscles and the back of the abdominal
parieties on that side. A longitudinal hgchi_on was made in the fascial
covering of the wuscle, parallel to snd about 1 cm. distant from the spine.
A gutthot incision was made along the lateral borvder of the dorsal muscles
and the kidney axposed. Full attention was pgid to hasmostasis. The
adrenal gland was identified at or mear the upper pole of the kidney. In
wost cases it is found to be sepirate from the kidney itself. The gland
was freed from the surrounding fatty tissue, its blood vessels were
clamped, liggud and divided, and the gland complets with its capsule was
excised,

The second adrensal gland on the other side was removed in the
same manner., During exploration a search was wade fpx; accessory adrenal
tissue, but this was never found to be present. The incision in the
uuscle vas closed with catgut No. 1, usiog an atrausatic needle. The
subcutaneous layer was sutured in the same way. The skin was apposed

and held together with Michel's clips, the wound dressed with clean gauze
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and strapped with leucoplast. The dressing and clips wers removed after
the 7th day.

All ;dtm;lectomizod rats ware given ulm to drink, In
nmost cases they were givn:i normal uligo until they diad or were killed

at the end of the experiment,

Rasults
In the firxst group (7a) of 12 rats with bilateral adrenalectomy,

none of the 12 blood samples taken on day O were positive for megakaryocytes.

On days 7, 14 and 21, 8.3% of the 12 o@npin were positive (Table 19, Pig.21)
| étoup two (7b) consiated of ad:eﬁaiectomizcd rats who were

later given a tumour transplant. In this group, 5% of the 20 samples

were positive om day O, 20%Z on day 7, 35% on day 14, and 60% on day 21

(Tsble 20, Fig. 21).

The 50 rats in group thres (7c) had been adrenalectomiszed and
later given a Walker tunour tramsplant. In addition they received
injections of cortisone. Out of 20 samples, 5% were positive on day O,

35% on day 7, 50% ou day 14, and 65% on day 21 (Table 21, Fig. 21).

Croup four (7d) consisted of 20 rats who had had a bilateral
adrenalectouy and later were given injections of Walker tumour homogenate.
In this group, nons of the 20 samples were positive on day 0. On day 7,
20% of the 20 samples were positive, on day 14, 30% and on day 21, 35%
(Table 22, Pig. 21).
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Rffoct of bilstoral cdrenalectony.

Day | To. of Rats| o, of Samples gﬁg’;egi %‘G“’Kiﬁ“" of
Blood
0 12 12 Bilaterol o
adrcnalectony
7 12 12 . 8,35
Y 12 12 8.35
.21 12 12 8.3
TABLE 20. Bffect of adronalectooy and Volkor tumour
transplanted subcutancongly.
Doy | Io. of Rats| MHo. of Samples Y;at%urf"egf Eg;i‘igme of]
Blood
0 20 20 Adronalectany+ 5%
oubcutancoug o
turour tranoplant
7 20 20 205
14 20 20 355
21 20 20 605




Iffcot of adrennleotony, subcutancous tumour -

1M1

TABLS 21,
ond cortigone,
a o lature of Incidence of
Doy o. of Rato| lio. ‘of uanples Troninent 1GE in
Blood
-0 20 20 Adronelectony + 5,
suboutaneous
tunour +
cortisono
7 20 20 355
14 20 20 50,5
21 20 20 65,
TADLE 22, Bffoct of adrenaleciony and Walker tunour
honogenate.
Day | No. of Rais| Ilo. of Samples lature of Incidence of
: Treatuent IGK in
Blood
0 20 20 Adrenalectory + 05
talkor tunour
homogenate
injection
7 20 20 207"
14 20 20 X
21 20 20 555
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TABLE 23« Effccet of adrenalectomys Vnlker tumour
_homogenate and corntisonos

laturo of

- - S
Doy ilos of Hutn | lios of ;uzglcs‘ Ppoat enk

Incidenco of
1GH in

Blood
0 20 20 Adronalectomy + 5,
‘ tusncur hooagonate
+ cortigone
7 20 20 35,5
14 20 20 55,°%
21 20 20 70,
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EXPERIMENT 7

Influence of adrenal glands

0—O GROUP a BILATERAL ADRENALECTOMY.
®—e GROUP b n n AND
TUMOUR TRANSPLANT.
00— 4—A GROUP ¢ = ADRENALECTOMY + TUMOUR.
TRANSPLANT + ADRENAL STEROIDS.
A—A GROUPd = ADRENALECTOMY + TUMOUR HOMOGENATE .

_D_D GROUPe= " n " 1"
+ ADRENAL STEROIDS

(o)
o

o
o

°/ of positive samples

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,
Latar they were given subcutaneous injections of Walker tumour tissue
honogenate and intraperitoneal 1njoctions'o£ cortisona. . On: day 0, 5%
of the samples wezs pqsiiive, oy day 7,35% , on day 14, 55% and on day
21, 707 (Tadle 23, Pig. 21),

Statistical knalzsil
: Por comparison between the rats given bilateralladrtnilcctomy

only and the normal controls 1.0, gioup (a) of»Expc:imeﬁt 1, the vresults
of the different days wers coubined. ALl othar comparigons.vere for
each day scparately. No signifizant difference was found between the
rats with bilateral adrenalectany and the comtrol group (a) of Experiment
1.

_Couparison between the rats with tumour in group 1b and the
other groups in this experiment showed no significant differences.
Similarly, conparisons between groups two (7b), three (7c), four (7d)

and five (7a) revealed no significant differences.

Discussion

The adrenal glands respond to trauma and other forms of stress.
This has 5een established conclusively by other !nveaﬁlgdtofs. Apart from
this response to atresn,'thiy will also affect the bone marrow and blood
cells, under eettllnvcoqdltioni. Chtdgea in tho.purlphdrnl blood count
havu'becn‘demohltfated after injections of cortisone, The adrenal glands

therefore play a most 1m§ortznt role in "stress response” snd also in the
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blood cell count., It must'be'assumed-;hat»tumou:s-prbduce stress effects
in the system just as other diseases do., Perhaps this is even more so in
cases of advanced carcinoma, It has already been reported that in cases
with advanced tumours the incidence of megakaryocytes is high:. The
earlier experiments in thig 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 ewperiments has demonstrated that tumours
produce the same £fect on the incidenca of circulating ﬁegakaryocytea in
the peripheral blood in rats with or without adrenals. The increase in
the 1ncideuce of megakaryocytea in the blood of rats with tumours is
therefore 1ndependent of the influence of the adrenal glands.

| Tumour homogenate produces the same effect on the megakaryocytes
in thé blood, as the tumout:. does. When tumour homogenate was injected in
rats with or without adrenal glands, again no significant change was
pbserved.=

To confirm the hypothesis that the adrenals h#ve no éonnection
with the increased incidence of: circulating mgghka:yocytes occurring with
tusiours, adrenalectomized rats with inoculation tumours or injectad with
iumour hoﬁogenate'weie given Supﬁiemeniary'cortiQOQe injéctiona.‘ Again
n0\sign1f£cant‘diffetgnces-were observed, ' - '

One point of interest is that in the group of adrenalectomized’
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rats given tumour homogenate only, 55% of the 20 samples were positive

on day 21. But in the group given the same' treatment and in additiom
cortisone injectious, 70% of the 20 samples'weie positive on day 21, This
difference may not 'be significant, but it does warrant scrutiny. ‘The
{incidence is obviocusly higher in the group given cortiscme. Though this
is a matter of opinion, the products of interaction between the tumour
homogenate and the cortisome may to some extent be responsible for
helping the cells to migrate from their anatomical site. This needs

further study.



117
Exgarimaut 3
The BEffect of Sglenectomz on Circulatigg Megakagxacztca

Rationgle
A xaviev of tha iiterature revealed that the incidence of

circulating megokeryocytes is not related to the propertion of these calls
in the bome warrow. JAn increased nunber of wegakaryccytes iu: the bone
narrow dees uot mnecessarily wean o aigher incidence of these cells in the
peripherui blood, It is therefore reascuabie to look for soue other
source from vhich cegukaxyccytes uay cigseminate into the blood.

Under normal circumstances (Fig. 22) ihe spleen does not fumection
as a heenatopoletic organ. It does act as a haswatopoietic centre during
intrauterine life and the early postnatal period, and under certain
conditions where the bone marrow fails to produce bleod cells in adequate
nunhers, Apart frum the spleen, the liver, iy.aph nodes and even ths
iungs have been observed to have haenatcpolietic centres under sone
abnorwal conditicus.

tHultinucleate glunt cells identical with megakaryocytes do not
norually occur in the spleen, but snall amounts are found during
exbryonic iife (Downey, 1933). In some rmaoials, l.e. rats, nice, bats,
chipaunks, bears and hedgehogs, egakaryocytes are frequently seen in the
spleen. Jolly and Roselloc (1909) traced the wegakaryocytes of the

exbryonal spleen to the lymphoid basophil stem cells., The same observation
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was made by Klaaschen (1922) and by Rotharwel (1930). Numerous mega-
karyocytes were also observed in the spleen of zabbits as a zesult of
sapoto#iﬁ.poisdﬁiﬁg (éustéf, 1933). | - o

Under pathological conditions uiany wmegakaryocytes are observed
in the spleen, especially with myeloid wmetaplasia. Extramedullary myelold
léukaenia, anaemia, infectious conditions like scarlet fever, diphtheria,
erysipelas, pneunonia, ueningitis, puluonary tuberculosls, and various
bleood conditions like polycythaezia vera, thrombocytopenic.purpura and
Banti's disease.

Myelold netaplasia of the spleen was produced experimentally
by repeated bleeding (Jaffe, 1921). The repeated use of various haemo~ °
toxins like phenylhydrazine, pyrodin and pyrogallol also produces myeloid
metaplasia of the spleen (Morris, 1907, Sternber, 1909), and injections
of various bacterial vaccines have beea shown to?%he sane (Dickmann, 19223
Lang, 1930).

Virchow's (1863) earlier observation on the mobilization of
egakaryocytes as emboli has been challenged by several investigators.
Expeririental obgservations have led to the suggestion that in cats mega-
karyocytes originatc in the spleen through fusiocn of lymphocytes (Downey,
1939). Some investigators have observed differentiation of uegakaryocytes
from local haemocytoblasts or stem cells in the spleen (Downey, Palmer
and Powell, 1930), The suggestion that megakaryocytes migrate from the

bone marrow to the spleeu and other extraxedullary sites has been refuted
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(Schwarz, 1954, 1956),. If migration takes place at:z2ll, there is no.
evidence to support the statement that the extramedullary negzskaryocytes
prolifétate té maintain thé,observed populéticn of thesze cells,

Schwarz (1953) said that the megakaryocytes tecn in the:
vascular system are. inective, He suggests a remote but possible connection
betwaen megakaryocytes snd gas exchange.

Megokaryocytes are seen in the splesn under some stress |
conditions, Recently Catayee and Coll (1968) found that there was a
significant increase of megakaryocytes in the spleen after tumour
transplants and alss after injecticns of,tﬁmour 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.

Hnematdloglcal Changes folldﬁigg Splenectomy
‘ Changes in the blood have been observed after splenectomy io

norzal animals and hﬁﬁan‘gubjectl. The mechaﬁism fnvolved remains obscure.
Both anaemié and polycythaemia have been noted. Morphological chan;ei
and changes in the physical behavicur of red blood cells were observed
after splenectony in norual uubjects (Krunbhaar, 19323 Siﬁger, Miilct.
Damelheﬁ, 1941), | | ' |

: Leukocytosis is more ptotractcd'aftei spleﬁectomy than after
other operationl.' This has been observed in both maﬁ and animals (Lauda,

1933). In albino Wistar rati the total white cell count 1ncredledvby up
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to. 100% within 7 days after splenectory, vemaining significeantly high
for 70 to 90 days and then returning to normal(Palmer, 1951). . The actual
role of the spleen in haematopciesis and its influence on. the bone marrow

and blood are still a matter of debate (Palmer, Remp, 1951).

Hatezials and Methodl

40 male rats with a cean weight of 301.95 gms. (SD + 10.65)
were used tn this experiment. They were divtded into two groups of 20
each, The rats in group one (8a) undctweut aplenectomy, the day of
oplenectomy counttng as day 1. Blood was taken on days 0. 7, 14 and 21.

The rats in group two (8%) also undarwent lplenectomy and in
addition received a tumour transplant in the right flank on the sane day.
The §uantity of tumour cills injected was the same as in the prcviodl
expeiiﬁdnta. The day of spieﬁectomy and tumour‘tiansplaut was taken as

day 1. Blood was drawn on days 0, 7, 14 and 21,

Technique of Szleneétggz

The rats were anaeatheti»ed and placed on the operating table in
the supine positlon. The antarior abdominal wall was shaved clean and
painted with a SZ‘hibitane solution. A laft paramedian incision was made,
extending 2.5 cn. below the left costal margin. The ﬁuscles'of ﬁhe aﬁferiot
abdominal swall vare split and retracted on bhoth sides, An incisicn was
nade in the peritoneunm anid/heapleen delivared through this, The éplenic

pedicle was ligated and the organ excised. V¥here more than one blood

vessel was found attached to the splenic hilum, each vessel was ligated
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and divided separately.

After excision of the spleen the peritoneum was closed with
catgut, ultnj atraunatic needles. The skin wound was closed and spposed
with Michel‘'s clips, covarad with clean gauze and strapped with leucoplast,
The dressings and Michel's clips were removed on the 7th day after |

splenectouy,

Rasults
In the fivst group (8a) none of the 20 blood ssmples taken on
day 0 were positive for megakaryocytes, On day 7, 15% of tha 20 samples .
were positive, on day 14, again 15%, and on day 21 only 5%. This was
the group in which splencctony only had bheen done (Table 24, Pig. 23).
The second group (8b) had had a splenectomy and on the same
day a Walker tumour transplamt. On day O, none of the 20 sanples wers
positive. On day 7, 35% were positive, on day 14, 60% and on day 21, 45%
(Table 25, Fig. 23).

Statistical Analysis
' Conparison of the combine resultsfor each group showed a

significant difference (P < 0.001), Mo significant difference was found
batween the spimctomy and the norwal control group (Q) in Experiment 1,
nor batween the group giﬁn splenectonmy :md a t@ur it@plﬁt and the
twiour group (b) in Experiment 1. Couparison on individusl deys for

these two ;roupi also revealed no significant difference.
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TABLE 24, “ffcct of splencectony..

Day ilos of Rata | Hoe of Samples flanture of Incidence of

: Trestnent HeK in

Blood

0 20 20 Splencctory 0,5

7 20 20 15,5

14 20 20 15,5

21 20 20 5,5

ABLE 25. Iffoct of splonectomy and VWali:or tumour.

Day ¥ue of Rata |[llos of Samples Hature of Incidence of
Treatnent IGK in
Blood
0 20 20 Splencctony + 0,
subcutanecous
tunour
7 20 20 35,5
14 20 20 60,
21 20 20 455
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EXPERIMENT 8
Effect of splenectomy.

100
GROUP a = SPLENECTOMY .
80} GROUP b = SPLENECTOMY +
TUMOUR.
60

40

°/s of positive samples

20

P

T 14 2l
Days after treatment

GROUPa V GROUP b
X2 .14-628
P = <0-001

FIGURE 23.

Graph showing the effect of splenectomy on the
incidence of circulating megakaryocytes
(Tables 24 and 25)



Discussion =

The group of rats with splenectuay and the normal control group
(1a) ahcweﬂ,A siuilar incidence of circulating megakaryocytes. This |
indicateq\that the splecn dues not influence the incidence under nommal:
condltions.

In this last group of experiments, the incidence of circulat!ng
negakaryocytes showed a significant difference between thp group of rats
vho 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
tunour still affects the megakaryc}te count in the sene waj as it did
before splenectom,. ' |

One important Ebsérvation 15 that in the greup of rats with tumour
and splenectomy only asﬁ 6f the 20 sa:ples wgre‘poaitive on.thé 21st day.
Tumour group 1b had :hown.7ozlof positive sanples on day 21, In‘thé group
Qf rats which had ﬁad a bilatefal adrénalectomy and a ﬁuﬁour transplant
‘(7b), 60Y of the 20 sarples had been pbsitive on day 21. 1In these three
groups the growth raée of the tuuours had been similar; In the first,
the wean tunour volume m;s 19,88 cc (SD.+ 2.74), in.the second, 21;36 cc
(SD + 5,11), and in the third, 17.48 cc (SD % 4.98), 'always on the 2131:
cay after the tumcur transplact., The tumour volumes,$£ these three groups
show no significant difference. |

.In rodents, the spleen acts as a punp, dischatzing-ité contents

into the circulation at regular intervals (Snell, 1941), Various factors
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aay 1wodify chis activity. Recentily Catayee and hiis colleague (1967)
have notlced increased nuabe:ss of wogakaryocytas in the spleaic pulp and
also {n the luman of the blood vessals of rats with tuwours, and also in
those of wrats given tusour axtract at regular intervals., Splenocmegaly
was obgervad in thase rats. Postmorten exasination of the rats with
tunours used in this study also revealad splenouegaly.

Extramedullary wyelold metaplasia has been observed in
infectious diseases, diseasaes of :the blood and neoplastic conditions
(Hickling, 1937; Carpenter and Flory, 1941). This is independent of any
influence of condition of the bone marrow (Schwarz, 1954). The spleen
13 the most ccomnon site for extramedullary myeloid wetaplasia (Schwarz,
1954). Both umature and immature megakaryocytes have beeu seen in these-
focl. Apart fron developing in these extrameduliaty sites, megakaryocytes
uay differentlate from the haemocytcblasts or stem cells pregent in the
splenic pulp (Downey, Palwer und Powell, 1930).

21 days after the tuncur trensplant the size of the tumours in
the present experiumeat was such that the disease could be regarded as.
advanced, On postmortem exaulnation, 17 out of the 20 rats given a
tumour traunsplant only showed ap.icnomegaly. It way be postulated that a
portion of the circulating wegakaryocytes seen in advanced mecplastic
c¢lsease are controlled by the spleen. This may be due cither to wyeloid
wetaplasia, or to lncreased differentiation of these cells from the

splenic stem cells or haemocytoblasts in the spleen (Fig. 24, 23). It
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1o possible that the lower incideuce of circulating megakaryocytes in
rats with advanced tumours who mideruant* splenectouy was due to this.,

“ It has been suggestad that the incressed platelet count:after’
.splenectony way -be attributed to the increased magakaryocyte count, and
vice versa. In the present experiwent no significantirise in circulating
negakaryocytes was seen which might account for the lncreased blvod
platelet count observed by other authoxs (Steinex, 1931; Krusbhaar, 1932;

Lauda, '1933).
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Expericient 9

between Blood Platelet Count

Blood platelets were first described by Domnne in 1842, who thought
they originated from the fatty particles of chyle, In 1882 Bisszoszoro
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 ars the precursors of
blood platelets.

Recently Thiery and Bessis (1936) used microcinematography of
uegakaryocyte cultures and demonstrated convincingly that platelets arxe
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,

1t is generally accepted that the megakaryocytes of the bone
marrow are the precursors of platelsts, but Howell and Domahue (1937) and
Kauffman et al. (1965) have suggested that the megakaryocytes of the
pulmonary bed also produce platelats. Fidler et al. (1941) opposed this
fdea. They considered thes megakaryocytes of the pulmonary bed to be effete
cells. The relatfon between platelets and megakaryocytes from extramedullary

tissue has not yet bean fully inveastigated.
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Prizivoit {1964) found that during tumour growth in man, and in
animals with exparimental tumours, the thrombocytogram was lower (2%) and
the number of megakaryocytes in the bone marrow increased. Other
investigators reported a general increass of the platelets level in the
blood of cancer patients (Odell, 19563 Theiry and Bessis,1936). They also
noticed degenerative changes in the megakaryocytes of the bone marrow. In
experinmental animsls with tumour, increased numbers of megakaryacytes wers
found in various tissues, especially the spleen (Catayse ot al., 1966).

The relationship between bleeding and the blood platelet level
has been thoroughly investigated. Craddock (1955) noted that in dogs the
blood platelet lavel rose for s brief period after hasmorrhage. He suggested
that this phenomenon might be due to the formation of platelets from
megakaryocytes in extramsdullary sites. Matter et al. (1960) noticed a
decrease in the plstelet coumt 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, 1933; Rosenthal,
1951), and during this period thrombocytopenia was observed after bleeding.

Odell (1951) noticed a brief period of thrombocytopemia after
bleeding, and 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 nunber of megakaryocytes in the bone marrow increased
after bleeding. Cronkite (1958) suggested that the presence of large
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nunbars of platelats in the blood arrested the mechanism which initiates
the rapid formation of platelets and maturation of megakaryocytes.

Thrombocytopenia occurs after wajor surgery and s immediately
followed by thrombocytosis. The early thrombocytopenia may be reproduced in
normal subjects by giving ACTH. . (Warrem et al., 1933)., Willfam (1952)"
observed that ACTH injections produced a similar effect on the bone marrow
megakaryocytes as najor surgery. - He noticed that the number of megakaryo-
cytes in the bone marrow increased during the phase of thrombocytopenis and
decreasad during the phase of throwbocytosis. Prizivoit (1964) suuélud-»
that a low platelet count during tumour growth might act as a feead-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 on the mechaniam
leading to the higher incidence of megakaryocytes in the blood of cancer.
subjects. In the present experiment, an atteupt has besen made to determins
whether a relation exists between the platelet lavel and the incidence of
circulating megakaryocytes in animals with transplant tumours and also in

norual animals,

Materials snd ﬁmdl

Bleading is followed by a brief period of thrombocytopenis and
after 5 to 7 days by thrombocytosis. That has bsen the experience so far
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vwith the rats used in our laboratories, and also agrees with the findings
of Odell (1951) and Matter (1960). The present experiment was designed to
study the relation between circulating wmegakaryocytas and the: blood platelet
level, .

Rats with a mean weight of 298,00 gms. (SD + 14.76) were depleted
of 2.5 ml, of blood, roughly 1/12th of the total blood volume in rats of
this typs. The blood volume was then rastored by injecting 2.5 ml. of
sterile saline intraperitoneally., The first day on ivhich blood was with-
drawn counted as day O in this experiment. A megakaryocyte count was done
- on 1 ml, of blood, and a 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 (9¢c), 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 retumn to normal on the 14th
and 21st day. This had been the pattern in pravious experience.

30 male rats were used and divided into thxee groups of 10 sach,

. In group one (%9a), 2.5 ml. of blood were taken from the heart
on day 0. Blood was also taken from the tail vein for a platelet count.
Then 2.5 ml. of sterile saline were injected intraperitoneally,

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 (8D + 2,12)., 2.5 ml, of blood wera taken from the heart on day O,

and a blood sample from the tall vein for a platelet count. 2.5 ml. of
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sterile saline were given intraperitoneally to restore the blood volune.-
‘The third group (9c) also had a subcutansous tumour of 7-day size

on' day 0; The ween tumour volume was .58 cc (SD +0.16). On day 0, 2.5 ul,

of blood were taken frou the heart, and blood for a platelet count waa

taken from the tail vein. 2.5 wl, of sterile saline were injected intra-

peritoneally to restore the blood volume.

Rc:m‘l.t‘a‘ ‘ _ ‘ . _ : ‘

o 'l‘hc ﬂ.ut group (9.) cmuud of uoml rats. Tho mgakaryoeyu
incidmo vas 0 out o! 10 on duy 0. 107. out of 10 on daya 1, 7 ~and 21
Q‘cbh 26, rltg.‘26.). f The mm‘phnlct_cptlmt vas 752,200 on day O, ?39;000
on day 1 npfl 1.496,000 on day 7 and §1A.800 on day 21 (Table 29, Fig. 21).

The second group (9b) cpnnhtcd of rats w‘oith"tpmog:. On “,hy 0,

401_0! the 10 umplv‘u ﬁcu pqgu_:in for megakaryocytes, on day 1, 507.A wers
pou_l.tj.n, 70"1. on'dgy 7, nnd 87,5'Llon day 21 (Table 27, Mg, »20'_). The mean
platelat count was 667..800 on day 0, 521,506 on éay_ 1;‘;)4‘4,20’0 on ghy 7 and
642,200 ou day 21 (Table 30, Fig. 27). | |

~ The third group (9c) also comi-tcd of rats wl.th tumour, 40% of
tho 10 samples were positive for{mvaka_tyocytn on day o, gnd ’SO'L on day 1.
No blood was taken on day 7. ‘On day 14, 90% vere poqitin A(T'M?., ,28' Mg.
The mean platelat cm£ on day 0 was 770,000, on duy 1, 57_6,800, on day 7
ﬁ. was 856,400 snd on day 14, 646,400 (Table 31, Pig. 27).
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TADLE 26, IIffect of bleeding in normal zato.
ey o. of Pats o. of Gemplea lature of Inclidance of
Troabucnt I in
Dlood
0 10 10 Dlceding o
1 10 10 10"
T 10 10 105
21 10 10 10,
TADLE 27,  Iffect of bleeding in zats with tunour
oy lo. of Tlato iloe of Jomnles Tature of Incldence of
Treataond T in
Dlocod
0 10 10 Dleocding 407
1 10 10 50,
7 10 10 70
21 8 8 575,
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TABLE 28. Bffect of bleeding in rats with tumour.

Day No. of Rats | Ho. of Samples Nature of Incidonco of
Treataent X in
Blood
0 10 10 Bloeding 407
1 10 10 507
Y 10 10 903
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TABLE 2.  Plateleot count of nommal zats aftor bleeding.

Doy Ho. of fats | ifo. of Sanples Ilature of I'con »latelet
Prcatnont couns
0 10 3 Dlecding 752,2C0
1 10 3 534,000
7 10 3 1,490,CCO
21 10 3 941,300
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EXPERIMENT 9

© NORMAL RATS EFFECT OF BLEEDING = GROUP a.
® 1st GROUP OF RATS, WITH TUMOUR = b
loo [ A 2nd n n n " " = " c
80
60
40
20
O O 0
0 | I T Y (N N [ T N N N N N NN TN N d
I 7 14 2|

Days after treatment

Group a vGROUP b ON 7 DAY x2=5.209 P<05
21 DAY X227 897  P< 001

FIGURE 26.

Incidence of megakaryocytes in the blood of
rats with and without tumour after bleeding
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WADLE 30,  flatelot count of rote with tunour afior blcoding.
Day o of Dats No. of Sanmnles Treatnont iean nlatolot
count
0 10 10 Bleeding 647,800
1 10 10 521,800
7 10 10 D44 4,20
21 8 3 642,200
TADLE 31,  Platelot count of rais with tumoun aftor blocding.
Doy tlo, of Mot To. of samplen Trentnomt can platoled
covnd
0 10 10 Bleoding 77C,CC0
1 10 10 576,800
7 10 10 856,400
Vi3 10 10 646,400
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EXPERIMENT ¢

O NORMAL RATS SHOWING EFFECT OF=BLEEDING
= GROUP «
A 1st GROUP OF RATS WITH TUMOUR= GROUP b

¢ 2nd GROUP OF RATS WITH TUMOUR= v c

. 4 1 & 1 & 1 1 1 1179 ;1 1 1.1

7 14 2|

Days after treatment

FIGURE 27.

Platelet count after bleeding of rats with and without tumour.
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Statistical Analysis
Cocparison of the incidence of circulating megakaryocytes between

groups (9a) and (9b) showed no significant differences on days 0 and 1,

But a significant rise becans apparent on days 7 (P < 0.05) and 21 (P < 0.01),
Comparison betwsen groups two and three showed no significant differences.
This seens couparable with the rvesulits of the tumour group {1b){Experiment

1) only.

D;;ggaglon

In group (9a), the thrombocyte level was low on the day after
2.5 ml. of blood wers taken and replaced with normal saline. The incidence
of megakaryocytes was 10% on that day. On the 7th day nﬁ-r 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 v@ lower than the initial count and lower than the
norzal 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%) snd 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 pattemn was found in

group three. There the rcsults om 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 oxder
to confiru 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 ievel 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

wi.ih the observations made by Malmed et al. (1966) on cancer patients.



142

Experiment 10

Relations botwui lmnune Reactions and Ngahgoczus

Rationale |

"Tissue imaunology dirvectly affects the ocutgrowth of tumours in
vhich a distinct abnormal antigen can ﬁe 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 wechanism sharing some characteristics with the
uechanisn of classical immunology suggesta that a related effect may occur
with tumours in which no clear ‘tumour antigen® can be dctoétcd.“ This
immunological concept of the tumour was first suggested by Professor Green
in 1954, After years of work a response mechanism in-aomo ways siuilar
to that of nornal {immune reaction has been poatulated.

Rejection of a skin graft occurs when there is a minor dcgrec» 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 ia a sinilar lymphocyte response, and the
imrune mechanisn may be transferred to isogenic animala by lymphocytes inatead
of u;'um (Gowans and McGregor, 1963).

Macrophages play no prominent role in the reactivity to skin

homografts, but they do to some extent in tumours (Gronmer, 1956; Old, 1962).
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The machanism of fimction is not yet clear, and it is not known whether the
nacrophages play a role in sensitization or vhether they emgulf the opsonized
tumour cells (Granger and Weisen, 1966),

Eosinophflia has been observed in asthma, nasal polyps and in
various intestinal conditions, These cells also play a part in hyper-
sensitive conditions (Gell and Coombe, 1963). \

There is no evidence that megakaryocytes are immmologically
active cells. According to Greem, the immune mechanism in tumours has
some factors in common with the normal immume reaction, but there is nothing
to indicate that the megakaryocytes are directly or indirectly involved with
the fmmunological processes of the tumour.. '

It was decided to deternmine experimentally whether the incidence
of circulating megakaryocytes changes after skin suto-, homo~ and hetero-

grafts,

Materials and Methods

36 rats with & mean weight of 261.00 gu. (5D + 5.48) were used
in this experiment, They were divided into three groups of 12 each.

The first group (10a) had & skin sutograft. The day befors the
operation was taken as day 0. Blood for a megakaryocyte count was taken on
days 0, 7, 14 and 21, o

The second group (10b) had skin homografts on day 1. Blood was
taken om days 0, 7, 14 and 21, | o
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The rats in group three (10c) were given a skin haterograft.
Blood was drawn the day before the operation and on the 7th, 14th and 2ist

days after it,

Technique of Skin Autotransplsut ‘, | o ,

- The rats were anaesthetized, both flanks were shaved and painted
with a 3% hibitane solution. A circular piece of skin 2 cm, in dlameter
was excised from each flank and replaced by the piece taken from the other
flank. The skin wmargins were sutured with black silk No. 1. The wound
was dressed with gausze and covered vith a bandage, to give protection for

the time being. The progress of the skin grafts was checked daily.

Tochnigug of gkg Homotransghnt

Isogenic rats were taken two at a time. They wera anaesthetised
and placed side by side, on their left sides. The right flenk of each rat
was shaved and painted with & 5% hibitane solution. A skin disk of 2 cm.
diameter, devoid of subcutaneous tissue, was taken frou the flank of each
rat and transplanted to the flank of the other. The grafts were sutured
vith black silk. The wound was covered with a clean plece of cloth and

daily checks were made to follow the progress of the skin graft,

Technique of Skin Heterotransplant
This was exactly the same as for the skin homotransplant, except

that skin taken from hamsters was transplanted into the flanks of the
experimental animals. The hamsters had been brad in the Animal Department
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of the Royal Postgraduate Medical School, Their average weight was 120 gms.
end 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,

Results
The zats in the first gtoup\(‘ma.) had had autotrlnnsp‘lmu., All

hﬁlod properly, ﬁMt_ujoctim or tufgeti.on. The ‘inci.dc'ncc of mega-
karyocytes was 0% out of 12 samples on day O end 8.3% on days 7, 14 and 21
(Table 32, Fig. 28). | o |

The second group (10b) had been given skin homografts from
isogenic animals. These ware only successful in two rats, and the remaining
10 grafts were rejeacted in seven days on the average. There was no evidence
of infection and the wounds healed gradually after rejection. In this
grohp, the incidence of circulating megakaryocytes was 0% on day 0, 8.3%
on day 7, 25% on day 14, and 8.3% on day 21, (Tsble 33, Pig. 28)

The rats in group thres had received skin heterotransplants, All
the rats rejected the hamater skin and the average period of rejection was
4 days. The incidence of megakaryocytee was O% on day 0, 25% 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 eontfol .group 1a, no significant
differences were found. Nor did comparison between any two groups in this

experiment show any significant differences.
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TASLE 32. EBffect of skin aubtosrafs
Day To. of Rats |ilo. of Sanples Hature of Ezzgidence of
Treationd M3 in
' Blood
o 12 12 Hone 0’
7 12 12 Slein cutogralt 8.3
21 12 12 Ge X5
TABLE 33. DBffeet of skin homo:rufit.
Doy To. of Ra%s. | Ifo. of Hamnles ature of Tncidence of
Treotnent oN in
Nlood
o 12 12 fone g"
7 12 12 Sldn honograls 8e3
14 12 12 25"
21 12 12 8e35
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EXPERIMENT 10

100 — .
Effect of skin graft.

v 80
= 0—0 GROUP a = SKIN AUTOGRAFT
E e—e GROUP b = SKIN HOMOGRAFT
: 60 A—A GROUP ¢ = SKIN HETEROGRAFT
>
=
3
a 40
o
o
<2 20

Days after treatment
X2 NOT SIGNIFICANT aVb, aVe, bVc.

FIGURE 28,

The incidence of megakaryocytes in blood following
skin grafts (Tables 32, 33 and 34)



14y

Discussion

Small lymphocytes and wmacrophages arc kiiown to be,imﬁuuologicalii
active cells. FEosinophilia has heen observed with hypersensitive conditions,
Thare is no avidence that the megakaryocytes are immmologically activeé.

In immune reactiona, lynphocytea nnd nacrophages are seen in the tlssua and
the blood count of these cells nay be 1ncreased.

Tho present experlment has shown that there is no relgtion
between the 1nciden;e of circulating uegakaryocytes and the phenomena
;ssoclate& with the‘rejection of skin grafts. Blopsies from the rejected
areas showed no megakéryﬁcyfe iﬁ!lltratlon. ‘ ’

| The spleen itself is related to the immune mechanisn through its
small lymphocytes and wacrophages. Cateyea (1966) observed splencuegaly,
and also found that the nunber of megakaryocytes in splenic tissue’ishvery
uuch increased 4f the splenoﬁegaly occurs as the result of a tumour. This
1ncteesc‘st111 requlres‘!urthcr fuvestigation, . If the megakaryocytes are
in any way felatad‘;o the irmmune mechanisn, thgs certainly does not ghpwi

itself in an ipcrcascd incidence of these cells in thg circulation.
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Eﬁgeriment 11

Tho'sttect! of Irradiation and Cancer Chimothctagz

Rationale

Hieneka (1905) firs: denonstrated the effect of irradiation on
the blood and haematopoiatic syster, and tha radiosensitivity of the
hasmatopoietic system. Later his observatlons were confirmed by other
investiga:ors (Langendorff, 19393 Brechar at al., 1948). The effect of
iadiation on individual components varias greatly. The differences observed
are presumably due to the variation of species, and particularly to the
different techniques of bone marrow evaluation (Dunlap, 1942; Dunstad, 1943).
The marked ffect of irradiation on erythroid, myeloid and lymphoid
elements has been extensively studied (Langendorff, 193§;.Bauer et al, 19403
Dunstad, 19433 Bloom, 1947), Less attention has been given to the mega-
karyocytes, reticulin cells and plasma cells, vhich are relatively less
sensitive (Rosanthal et al,, 1951).

Sprague-Dawley rats were given whole body irradiation with 700 r.
. After one day the mumber of megakaryocytes in the bone marrow showed no
change. During the mext five days there was & gradual decrease, and from
the 7th to the 15th day there was complete absence of megakaryocytes. From
the 15th day onmward these cells started to reappear, and by the 21st day
about 50% reappeared. The erythroid and myeloid elewents require very much

longer to regenerate (Rosenthal, 1951).
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Vith regard to chemotherspy, Krurbhaar (1919) and Herwann (1919)
reported the effect of mustard gas on the haematopoletic system, During
the Second Vorld Var, the>chem1ca1 warfare ;ervicés 6£.Canada, Great Britain
end the U.S.A. carried out extensive studies on the blological effects of
tustard gas :0d the newly developed nitrogen mustard. Gilman and Phillips
(1946) reported on the effdct of these substances as antineoplastic agents.
éince then'nitrogen mustard has been used in the treatment of can@er.
Basically, the rustards cause a transient hypoplasia of the lymphoid system
and bone marrow, accompanied by‘inhibition-of‘mitoais of the blast cells in
the bone marrow. This produces leukopenia of the circulating blood, with
uarked lymphopenia, followed by neutropenia (Kindered, 1946)., When Wistar .
rats were treated with nitrogen mustard, Kindered observed no changes in
the wegakaryocytes of the bone marrow, He pointed out that the megakaryo- .
cytes suffer the least change of all the cells of the haematopoietic
systen,

Cyclophosphamide, which is used also as an antineoplastic agent,
produces a short-tam depras#lon 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 mo record on the effect of these
agents on the megakaryocytes.

Elson (1958) observed thrombocytopenia 8 to 10 days after



raatrent with Myleran (chlorambucil). He also found that after treatment
with chlorambucil and busulphan there was a1 veduc:ion of negakaryocytés in
the bone marrow and thrombocytopenia, | |

Mathotrexate, a folic acid antagonist, produces leukopenia -
(Berlin, 1963), In the bome narrcw, its =xhibition led to ualitative
changes in rad blood cells within » few days, producing uegaloblasts and
intermadiate cells of naturation (Dacle, 1949). Therc is a marked absolute
and relatlve decreasc In early granulocytes and a slight increzze in late
ﬁegakaryocytes in the boné marrow., During treatuent a progressive depletion
of negakaryocytes was noticed (Speck, 1967). .The marrow lymphocytes showed
no depletion during the course of treatment (Speck, 1967). B

‘Kollar (1958) studied the response of the blood-forming systen
to cancer chemotherapy and observed thet  the megakaryocytes are extrenely
sensitiva to such agents, He found that pyknotic degeneration occurred
vithin 24hours,

Romsdahl (1966} observed that patients with cancer shoved an
increase In circulating megakaryocytes, He found 17,3 megakéryocytes‘per
10 ml, of blood in these patients, and after treatment with chemotherapaut{c
agents this rose to 23.6 per 10 ml,  The agents usediwere A=8103 and uracil
mustazd.

Cancer is treated by surgery, irradiation or chemotherapy, oz
with any combination of these. Blood has been examined for circulacing -

megakaryocytes on seversl occasions, either during or immediately after
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treatment (Wast, 19633 Huce, 19643 Romsdahl, 1967, e.0.). As irradiation
and chemotherapy are known to affect hasmatopoiesis, it was decided to
study their effects in an animal system. The incidence of circulating
unegakaryocytes after both frradiation and chemotherapy was determined in

normal rats and in rats with tunours.

Materials and &gm

60 male Wistar rats with sn average weight of 275.53 gms.

(SD + 6.85) were used in this experiment. They were divided into four groups
of 15 each.

The first group (11a) were given irradiation of the whole bedy,
the dose being 250 r per minute for 2 minutes om two consecutive days,

The total dose for each rat was 1,000 r,

Group two (11%) received 1.5 ug./kg. of body weight of methotrexate
(4-Amino-N10-nethyl pteroyl glutamic sctd 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 dlood sample was taken.
Blood was collected on days 0, 7, 14, 21 and 28,

" The rats in group three (11c) were given a tuxour transplant,
The first sample of blood was taken on the day before and this counted as
day 0. The tunmour 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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Intraperitoneal injections of 1.5 ug./kg. of body weight of methotrexate
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,

Technique of Irradistion
The set was a Marconi industrial model,; with electrically operated

shutter, rumning at 230 KV and 15 mA, to give a dose rate of 250 r per
minute. A 0.5 mm, copper and 10 om, sluminium shield was used for both
tunour and whole body frradfation. -

. The rats were immobilised by giving 0.1% Nembutal intraperitonsally.
They were then placed in a Thomlinsom's pressurs chamber (Thomlinson, 1960).
The pressure was kept normal and air was allowed to pass instead of 0;, to
maintain the snimals breathing normally, A dose of 500 r was given and
repsated on the following day. A total of 1,000 r was given to all rats,
both for whole body and for tumour irradiation. PFor whole body irradiation
thres rats at a time were placed in a perspex chamber.,

~the
Preparation of/Chemother tic Agent, Mathotraxats,for Injection

ﬁcthotrmtc. s ’opﬁlat sntimitotic agent, was selected for this
experiment. An adequate supply of this drug ﬁa available for experivental
purposes. lo-amlno-n"’-mnthyl pteroyl glutamic acid, ior methotrexate, is a
folic scid antagonist commercially known as methotrexate, It is
manufactured by the Lederle Laboratories Division, American Cyanamid Company,

Pexrl l’»“f. N.Y.
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 The drug is provided in powdered form. 2 ml. of sterile distilled
vater are added to a 5 mg. vial to reconstitute it for parentsrsl use.
The rats wers weighed before each injection snd 1.3 ng./kg. of
body waight was injected intraperitonsally.

lta

Croup one (11a) consisted of normal rats given whole body -
{rradiation. - None of the 315°/°im,1.. were positive for megakaryocytes on
days 0 and 7. On day 14, 13.3% were positive, and on day 21, 20% (Table 35,
rig. 29).

The second group (11b) had been treated with methotrexate.: On
day 0, none of tha 15 sanples ware positive. 6.7% were positive on day 7,
33.3% on day 14 and 26.7% on day 21 (Table 36, Pig. 29).

The rats in group three (11c) had been given tumour transplants
aud $rradiation. No sample was positive ou day 0. On day 7, 26.7% of the
sanples were positive, on day 14, 40% and on day 21, 53,3% and day 28, 73.3%
(Table 37, Pig. 29).

| Group four (11d) consisted 6! rats given c tumour transplamt and
treated with methotux;u. 0% of the 13 samples wu;c positive on day O,
26.7% on day 7, 66.7% on day 14, 86.7% on day 21 and 93.3% on day 28 (Table 38,

Fig. 29).

Statistical Anslysis
The incidence of circulating megakaryocytes showed no significant
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EXPERIMENT 11
Effect of irradiation and chemotheraphy

0—O GROUP a =WHOLE BODY IRRADIATION
e—e GROUP b = TREATED WITH METHOTREXATE
A&—2A GROUP c = TUMOUR +IRRADIATION.

&—4A GROUPd= " + METHOTREXATE

o
S
|

0]
o

an
o

N
o

°/o of positive samples

N
o

0 | ]
7 14 74 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 vhen the groups treated with irradistion or injections of
nethotrexate were eompand with tlu tom! control group 1a. cm.nm
between the results of the .roup with tusour and 1ruduum or ﬂn group
with tunour and wethotrexste and the rewuls of the tuzour group ) 1b also
revealed no significant differences. Similarly, no significant difference
was seen between the group with tumour and methotrexate and the '.group with
tumour and irradiation. The difference bctwun the group treated with
nethotrexate and ths group with Wr plul.mthommtc was found to be
significant, with a higher incidence in the latter (P'< 0.01). A signtficant
differsnce was also established batween the group given whole body
itradiation and the group whers the tumour only was irradiated. The group
with irradisted tumours showed a higher incidence (P < 0.01). The results
of day 28 showed no significant differences between the two groups with

treated tumours.

Discussion
In this cmrimnt. the inc!dane& of eircnlaung muahryocytu

lln rats with tumours truud with lrudutlcn shoud no ugni!icmt
difference tm that in rats with tunocurs given mo trntmont. Similarly
no ligniﬁmt difference vas seen when normal rats given wbolq body irrs-
diation wers compared with mormal rats given no treatment. It ﬁay be
concluded therefore that the incidence of circulating megakaryocytes is not
{ifluenced to any significant degres by irrvadiation of the whole body orx

of the tumour and its effect on the haematopoistic system. This would
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seen to confirm Rosenthal®s (1951) observation that the megakaryocytes are
' less sensitive to radiation than other bone marrow tells.:

In the groups of rats with tumours treated with methotrexate,:

: . the fncidence shcued no gignificant difference from that in rats with tumours

givan no treatment, It therefore a”"url that i{n :rats with tumours the
incidence of circulatimg megakaryocytes {s not l;gnificintly inﬂiunccd by
‘either irradiation or mathotrexate, On th. 21it'day, the inc'idence'ln‘ the
frradiated tusour group auci ﬂut ‘in the »t'unou‘f‘group' treated with’ nethotrexate
differ by 34.4%, the latter group having the higher incidence. On the 28th
day, the incidence was 20% highu" in the methotrexate than in the frradiated
group. At the same timo’ tha frradiated tumour group gin results 26.4%

lonr than the tumour group given no treatment. o

Irudutlon changu the ineidmcc to some oxtenc, tbou;h the

, 'rcsult- ars not luthtlauy different.
On the 28th dny, tln total mcgnhryocyu count in the gtoup of

» tatl gim ebemotheupy vas 480 colls per 100 ml. of blood. In the group
 treated with irzadiation it vas only 220 cells per 100 ml. of blood. It

‘ wonld appear therefore thnt tumoura tteated with frradiation have a different
" effect on the incidence o£ circulating megmryocytcs £rom that of tumours

“ truted with chemothiupantic agtnts.‘ In tlu bonc martow, the rcsponue of

~ megakaryocytes to 1rradhg;10n is a slow one (Rounthal, 1951). Duting
| tre;tmm.t. with methotu:_uté, progressive depletion of these ce‘n:l has been

observed (Speck, 1967). Kollar (1958) noted that megakaryocytes are
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extremaly lcnilclvi to cancer chemotherapy. In the dlood of normal rats
treated with irradiation ot'muthotttxntog th- 1nc£d¢nco of m-gakutyocytou
 showed no significant difference.

' " The reduction after irradistion my , be .mmm to effective

" control of the biological sctivity of the tumour. Howsver, the fact that
both tho incidence and the total count increased nfui zethotrexate doss
not prove that this agcﬁt is not affective against iho tumouf. vlhis aspect

requires more detailed study.
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. Study of Tumour Voiume in Experiment 1
Relations between the Tumcur Volume and the Incidence of Megakaryocytes
Rationale

Megakaryocytes are more comnon in the blood of cancer patients
and their incidence increases as the disease advancas. This has been
observed by several authora. Oune of the experimental series in this study
has demonstrated that tumour tissus 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 s large tumour would be
more active in this xaspect than s smaller one. It was therefore decided

to study the relationship bstween 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 {n the right flank. The tumours had
been produced by injecting 5 x 10° to 6 x 10° cells in 0.4 to 0.6 ml. of
sterile normal saline subcutaneously. 1 ml, of blood had been drawn : : .
from the heart on the day before this inoculation was given, this day
counting as day 0. Further samples hud been taken on dayl 7, 14 and 21,

The ¢ tumour volune was nlco determined on days 7, 14 and 21, using the
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technique described by Mori et al. (1964).

Results
In the first instance the relation of the tuncur volume to.tbo

progress of the len vas lt\lﬂh{i. Tqbl_o 3'_).3110“ tl'lu‘onvday 0 the
tunour volure was O. 7 days after inoculation the mesn tumour volune was
0.620 ul. (SD + 1.357), mdon the 21at day 29.838 nl. (Sbi i0.766); 'l‘hc
tunour volune therefore u;;cmdvligniﬂc;nt'ly vith the progress of the
disease, as can be seen from Fig. 24, \ o '
Table ”IMO that onvday 0 the hctduvu:c'ot mqgluryocytu in
the blood was nil, and obvioqsly tho‘lunge nunder of colls'pox' ml, of
blood was also uil. On the 7§h day, the incidence was 25%, with an
avarags of 0.50 cells per ul, On the Mth; day, the incidence was 551,
with an average of 1.60 ccus per wl. On the 21st day, the incidence was
70%, with an average of 4.00 cells per ml. These results have bean plotted
on two graphs. On the first (Fig. 30) the nunber of cells was plotted
against the volune of each individual tumour, inciuding the negative counta.
In Mg, 31, oniy the positive counts were plotted against the tumour -
volune. A positive relation was established between the tumour volume and
the nunber of cells, when the megative observations were included as *0°
cells. This is even nore clearly apparent in Fig.32, where a comparison
of regression of total nunbars of megaka‘ryocy’rés,t ir;r:each sample of blood

taken from the rats in Experiment 1 has been drawn.
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of mmmjocmes in blood.
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10~ EXPERIMENT I Grib} .
8 - . .

L . . 0:118x+0:678
6 d r 0-619

p<-00l

— oo wee l o ] o1
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TUMOUR VOLUME

No. of cells including positives and negatives (1. o cells|

FIGURE 30.

Scatter of tumour volume both positive and negative
of megakaryocytes in blood.
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10— EXPERIMENT I Gr (bl

y=0:107x+2 376
r=0-697
p<0-00(

| i ] 1 |
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TUMOUR VOLUME

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 I Just positives

Positives and negatives

I ] l ] ] ]
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.
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Discussion

The tumour volume was found to show a positive correlation to the
nunber of circulating megakaryocytes. This is in agresment with the
findings of several othar imvestigators, 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 counts., Once an animal became
positive it consistently remsined positive. Raversal to a negative count
is very rarsly observed in tuwmour-bearing animals. Some of the rats were
late in becoming positive and some nevar did become positive., In relation
to the megakaryocyts response in the prssence 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

negakaryocytes is givea in the following chapter.
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Megakaryocytes have been detectsd in the peripheral blood by
various techniques. As early as 1922 Minot detected these cells by making
siyple smears and using Gleusa's staining technique. For morphological .
identification, the conventional haematological techni.ues proved adequates.
It is possible to confuse various cells of haemstopoietic origin, tissue
cells and cancer cclis with oegakaryocytes, but the morphology of the
latter is very characteristic and identification is simple. The megs-
karyoblasts may give rise to some difficulty, but this can be circumiented
by identifying the basophilic and very scanty cytoplasm of these cells.
With most techniques, the morphological fdentity of the mcgnluiyocytu is
well waintained. It is also often possible to identify megaksryocytie
nuclei in different preparatiocus. The numder of thess cells in the blood
i3 nuch lower than that of other nucleate elements. It 13 necessary at
times to exanmine several slides before a single megakaryocyte is found.
This makes the technique of Jdetecting megakaryocytes in smears very tiriog
and tedious.

Several authors have mngl.oud that megakaryocytes ars not a
normal constituent of the blood. This comnent would be nd surprise vhen
it comes from those who tried to find these cells by the susar technique.
With the developuent of the newer teclmique of leuko-concentrationm it is
now possible to detect megakaryocytes moxe f£requently in the blood of
nornal 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 qinlng thess cells axe very high. Apart from
vaintaining clearer morphology of megakaryocytes, thc sﬁur technique has
not proved superior to any.othot. The problem of these cells even with
high ugakaryocyu counts is first one of ldentiﬂéati.on and then of
enuneration, So far fuconsistent results have been the sain source of
frustration in any attempt to determine the quantity of thece cous in the
peripheral blood.

With the leuko-coucentration uc!mique, detection and enumeration
bocomc usur, because it is poasible to axaminc & large volume of blood.
The moxphology of these cells is quite well presexved with the techmique.
'on .mau are nade from unfixed cells. The process itself may be
detrinental to the celll. F:agliit.y is moxe marke& in mezakaryocyua
(Hune, 1964), bocauu of the evantual fornation of platelet.s by cyto-
plaamic disintegration. The trauma of processing may cause damage to tbc
colls, and bare nuclef are umlly difficult o identify. In fact, most
of the publicatlons in relation to clrculeting wegakaryocytes include
various nuclear seguents in the count as fragments of megakaryocyte nuclei,
as they ro@led the bare nuclei of megakaryocytea, It must be realisad
‘that a clunp of .lymphocyt.u. nuclear fragments from osteoclasts m«i |
nucim fragments or bare nuclei of other immature hasmatopoletic cslle
may well resesble the bare nuclei of magakaryocytes or fragments of these.

Several observers reportsd the presence of bare nuclel of megaksryocytes
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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 commen., It is reason-
able not to accept the figures of those who included what they thought to
be nuclear f:ugmenta of mcgaknryocytos in the total count and incidence.
In the present study,. fragmeats of these cells have justifiably been
excluded from the count, The technique employed has been that of leuko-
concentration, The cells required for examination are trapped on the
surfact of millipore filter membranes, having been fixed bafore filtratiom,
The possibility of dsmaging these cells is practically nil, unlike with
the buffy coat tochniquc; Furthermore the total cell concentrate il
trapped in the willipore menbrane, so that this is a quantitative method,
which has been iacking so far, The norphology of the hngakntyocytau is
well maintained when stained with hasmatoxylin and gosin. This technique
enabled us to study both the incidence and the total count of megsekaryocytes
in the peripheral blood,

The plastic sieve technique of Seal (1964) and Romsdahl (1954)
13 equally satisfactory. The histochenical technique described by
Jackson always tends to give a higher count, simply because megakaryoeytic
fragments give the same reaction as intact cells and are counted as such.
The fmmunological texhnique descrided by Daheille et al, (1962) is also
satisfactory in detecting these cells and their parts, The incidence could
be more preciealy established. Aa 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 cella, But detection is
very precise and the technique is superior to many that have so far been .

u‘ed.
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Cytogenetics and Cztokinétics.

Megakaryocytes as a bone marrow element wéie first diicovcred by
Robin in 1849, -His 1dea wﬁs that these cells act as lining cells of the
TWATrTOW #m:ﬁids and-devalop from there. 'His findings were aooﬁ confirmed
by several other authors. The bone marrms has been the umdiasputed site of
development .and maturation of these cells, Aschoff (1893) ducﬂlnd the
embolization of these cells. According to him, substances with positive
chemotaxis for leukocytes also stimulated amoeboid movement of the mega=
karyocytes from the bone marrow, propelling them through the thin walls of
. small vessels and capillariée-into-chc blood strean, Most of these migrants
.are arrested in the lungs and mechanically stripped of their cytoplasm
. in the narrow and tortuous capillaries (Achenbach, 1949)., Foa expressed
this view much earlier (1899), Only a few pass through the pulmonary
capillaries and lodge in other organs. This idea was aiao expressed by
‘Lubarsch (1893). A controversy about the origin of these cells started in
1937 when Howell and Donchue observed glant cells in the pulmonary tissue
-and found more platélets in the pulmonary veins than in the attetiéa. They
- concluded that megskaryocytes were' generated in the lungs, This vieﬁ vas
quickly challenged by other 1nveutigatora (Jordan, 1940; Fidler and Waters,
1941). | Later studies showed that megakaryocytes are alwmost always present
in the lungs of both hymens and animals. Infection and other condltioha

megakaryocyte .

involving increased/formation have also heen associated with an increa

in the number of pulmonary megakaryocytes (Sharnoff, Kin, 1958; Orbisou,
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Laipply, 1945). Riechard, Kauffwan et al, (1965) carried ocut experimental
studies and concl.udcd that these cells do aot ouglnnte in the lungs, but
are gat:ied to the lungs in the venous blood. They further noted that
surgery :I.l a pot.am: stimslant to megakﬁryocyu .product.i.on. Postoparatively
the number of thasa colls in the lungs had increamd uign:lficantly. ,
~ Lengemann (1901) atated t.hat softening of the bone marrow |

thtough hypexplasia, hyperaemia and ha.awrthage is respansiblc for the
wobilization of megakaryocytes. This mjeloktnesis". as he designated it,
nay be experimentauy.vallid. but cannot be applied to clinical experience
} (5@3{:. 1955), for most of the conditions uémnpmied .by magakaty.ocy_tcv
«qboliution show only slight changes in the boue mﬁw. or none at all
(Schwars, 1956). The blood of normal individuals also contains megakaryo-
cytes. Foa .(1899) posed the questicn whethex the 'pat.hologi.cal instance
should not be zegarded as the ﬁere exaggeration of a normal occurrence.
Schwarz (1954) suggested that this event, the mobilization of megakaryocytes,
should be considered as of physiological aipiﬁcaﬁce rather than an ainless
epiphencuencn. He also suggested that in the searxch foi megakaryocytes,
blood from the right auriclae, obtainable during routine cardiac catheteri-
zation, might also throw svne light upon the subj;:cr.. |

Apart from the pulwonary origin of mngak'aryocytel. othar extra-
medullary: sites have also been suggested (Bushnelil and Hall, 1906}
Hegedorn, 19263 Dewmey et al., 19303 Anagnostu, 1933; Jordan, 19413 Japa,
1943; Kopsc, 19433 Churg et al,, 19443 Taylor Simpson, 1;)50; Schwarsz, 1954).
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In the bone marrow, either cells of the raticulum (haemohistbblasts) or
the uyeloblasts (haemocytoblasts) or both are at present ragarded as the
ancestors of megakaryocytes (Schwarz, 1955).. In ectopic sites, either
fixed cells or myc;oblaatl,hnvu been claived as the patcnﬁ cells, In
the first case, the extrawedullary caells would-be‘axclus;vely autochthonous,
in the sacond, the myeloblasts may e#thcr have arrived by way of the
blood stream ox have formed locally through weteplasia, but the trans-
formation itself would nlwa}s proceed in the ectopic site. Schwarg has .
accepted a variable origin and formative process for a cell wmorphologically
and functicnally as defined and spacified as the megakaryocyte. A twofold
origin from the reticulum and the m&cloblast is not quite incompatible
with the statement because of their close position in the genetic line
(Schwars, 1956). Cesa-Bianchi (1921), Di Guglielmo (1928) suggested
that these celils night originate through direct fusion of monomuclear
precursors. This is inscceptable, because it i{s the tendency of the intra- .
sinusoidal myaloblasts to agglutination which gives this deceptive
izpression (Schwarz, 1954). Kopac (1943) admits the fixed reticulum as.
the oanly source of ectopic megakaryocytes, but the cases reportgd by -
Schwars (1954) suggest a uyeloblastic origin. - A local transformation
of myeloblasts from rxeticulin cells i3 also possible.

The transformation of the myeloblast into a cell as specified
as the megaksryocyte 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 myelosis, the wmyeloblast has
preserved its competence, whether the case is regarded as yeactive or
necplastic hyperplasia, because all types of granulocytes and megakaryo-
cytes are part of the leukaemic population. 2ajicek (1957) carried out
histochenical studies of the localization of acetylcholinestersse and
concluded that the erythropoietic and uwegakaryocytic systeus derive from
a cell of comaon originm. This has been confixwed by autoradiographic’
studies (Texpka et al, 1965). It therefore appears that the precursors
of magakaryocytes are still the subject of dispute.

‘Megakaryocytosis 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 wmagakaryocyte
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 esaentially directly py any
tumour product, When tumour extract was used in the exporimtntl.;;robably
. had the same effect on the megakaryocyte differentistor, and produced
a marked increase in the incidence of wegakaryocytes in the blood and
spleen. The datection of the uegakaryocyte atimulating factor in the
blood by Stienberg and Cheng (1965) supports this idea,

As regards a local tissue factor which enhances magakaryocytosis,
the only infoxmation on this seeus to cone from Klemnperer (1938), Hs

found an accunulation of megakaryocytes in & leukaemic spleen in the
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naighbourhood of an anaenic infarct, and alss i{n two instances of .
throsbosis of the portal and splenic veins in non-levkaguie persons.

A similar ldga,qu also put forward by Rothermel, g,iv!_nz anaenia 38 a
possidle tg!ggetl_ug__ﬁcgor (1930). _j!gt _.se;pcitz ('1959),:0@::«! a whole
ssries of cases where infarcts had develsped in the spleen, but no relation
between the Infarcte and uu,-loutic_m.‘o‘l megakaryocytes was deronstrable.
Catayse (1965) detected még;htyoeytu {n the spleen after injcgtion of
tumour extrsct, dut thelr distridution appesred completely umrelated
vith the ischaenia or infarction, In the first of his cases, Scihvara
(1934) notteed nurercus waegakaryocytas in the hyperaenic lyoph nodas and
this clearly rules out that hypothesis.
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Response

Hypertrophy and hyperplasia, excluding neoplastic growth, are
linked with functional stress. It is necessary to know cellular function
in order to understamd cellular resactions and their causea. Convarsely
in the absence of such knowledge, the circumstances of a reaction may
give a hint of the role of a cell in the dody.

The response of other cell components of tha bloocd and bone
nmarrow has been studied, and some definite diological activity of thess
cells could be detacted. Polycythsemia in response to hypoxia, reticulo-
cytosis to high altitude and hypoxia (Yoffes, 1966). Anaemia with
abnornalities in erythrocytes has baen well documented, and so have
neutrophil leukocytosis in infections) neutrophil leukopenia with chromic
protoscal diseases, soue specific bacterial infections such as typhoid
faver and bdrucellosis, and drug reactioms; lymphocytosis with chronic
infections; lymphopenia after whole body irradiation and the exhibition
of ACTH, In additfon, momocytosis has besn associated with protozoal
infections like malaris, bilharsiasis and leishmaniasis; eosinophilia
with atopic hypersensitivity and helminthic infestation; plasaa cells or
plasmacytosis with rubella, measles and chicken pox (Waler and Isracl,
1966). All these cells respond to thess specific conditions with some
specific function, like phagocytosis, antitoxic or immme response. None
of thess functions ars known to be borlomd by megakaxyocytes. In the
present study thers has bewn no evidence to suggest that the megakaryocytes .
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are capsble of phagocytosis in the way that neutrophils or macrophages sre.
In the series of expotimtl wtth different nkin ;uttl, tho incidence
of circuutm mgnhtyocyul lbolnd no !.ncmu. wh-thcr nutc- homc-
hctcroguttl were innlvod. llor did bioply !rom tbc lite of tojcction l
shw any cvldcucn of mgnkaiyocyte tn!u.tution, wh!.h lymphocytu are
hnawn to Mutnu Illd.l’ thcu clrcunstncn. A raview of th. available
litcnwu ptovidcdno indication oi mc;ckaryocytu being associated wi.th
hypctmsuin tuctim. !lot hn any sntitoxic mction of ﬂuu ccnl
been rcporud. ‘l‘hc nulu of the pnunt utudy han shown that mogn-
luryocyul increase in tlu blood a!tor lajoctlons of tumour tium cxtuct,
so that t.lny may be lnvolnd in neutralising tho cthct of the extract.
But 11: h allo probable that the tunoux tissue extract and/or the serum
hctor acts on nomuy clrcnhtlng mqaluryocytu and alterxs thdr .
fugiuty. thul ptoducln; the incrsased :lncidoncl. lhlotlmu reduces the
fra;il:l.ty of mcgahryocytu by hardening their cell membranas (Bruce et al.,
1966). It is not yet known whether this substance increases the number of
mcgaur}uyu. in the blood. In this study ether has been used for
gmul anagsthesia, but no incrsase in tlu incidmcl of circuhting
negakaryocytes was observed after glviua gmnl muthuin to ratl.

So lat the only known function of the megakaryocytes is platellt
tomtim. Platelet productlon and its participation in the clotting
mcchani-n is & well established fut. The normal organism has mmy

precautions to pravent clottin;, so that {t only &cun under Abuormnl
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conditions like {nflaanation, embolism aud bleeding. Pew data are
availsble ou the relation between the platelet count and the incidence

of circulating megakaryocytes. Megakaryocytosis was not found to be
associated with a nigh platelet count (Sciwars, 1934), and subnormal and
even decidedly low counts hava been reported in such cases. The mega-
karyocyts level in the spleen frequently surpasses that of the bone
merrow (Cataee et al., 1966), Downey and Mordlend (1933) reported on a
patient with a spleen highly infiltrated with megskaryocytes and no rise
in the thrombocyts count, in fact, the count was low, The bone marrow was
hypocellular. ‘Awar‘mtl;y the sxtramedullary wegekaryocytes do mot assist °
in - maintaining -  the blood platelet level (Schwars, 1956). Epstein
ot al.(1934) suggested that the boue marrow megaksryocytes are in fact the
real precursors of the dlood platelets. This has been supported by

Hutt (1953). A very interesting observation was nade by Firkat and Llampos
(1922) who found a couplete aplasia of the bons nmarrow, possibly due to
exposurs to bensol fumes; there was an extensive myeloid metsplasia of
the spleen, liver and lymph nodes. Although megakaryocytes wers the most
nunerous ele ents in the uyeloid tissue, platelets wers practically absent
from the blood,

Frey(1928) regarded spheroid wegakaryocytes as inferior where
platelet formation was concerned. In the present study most of the
circulating megakaryocytes were spheroid. Amy distinction between spheroid
and "polymorphous” negakaryocytes was impossible. This is probably dus to
the fact that the semisolid cell assumes a physical equilidrium when
suspanded in blood plasma.
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The inactivation of phuht- formation doss not involve the
vegetative process, for mitosis was fairly frequently observed in adult
intrasinusoidal megakaryocytes (Prey, 19283 Schwarz, 19355). The fact
that remaunts of megakaryccytes surroundsd by accumulated platelets occur
in the dlood does mot oppose the concept that these. é.ous are a deviation
from platelet formation., These structures are mobilized shreds of
megakaryocytes, that have performed their function at the original site
in the tissus. This agrees vwith the findings in the present experiment
that the megakaryocyte level in the peripheral blood is independent of
the platelet leval and in no way associated with platelet producticn, '
and that the cells are to soms extent derived from extramsdullary sites.
Moreover, Cautier (1963) considers that platelet formation in megakaryocytes
is & cyclic phenonenon.

Paulas (1967) observed that 100% viable megakaryocytes could
be obtained from ths bome mntrow;:au after collagenase digestion. It {s
possidle that these cells become fragile and form platslets whenevar
necassary, but are otharwvise quite stable. Prizivoit's (1964) observation
of thrombocytopenia in rats with experimental tumours has no bearing on
the circulating megakaryocytes. Oms wonders i{f this thrombocytopenia is
due to the reduced fragility of megakaryocytes (Hume et al., 1964), bdut
so far there has been insufficient evidence in support of this thesis.

The fibrinolytic mechanisz is activated in cancer patients
(Dillard and Chanutin, 1949; Tegnon et al., 1953; Sirridge et al., 1938;
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Nilehn, 1966), This has been regarded as a defensive mechanisn on the
part of the body, to prevent the tumour fxom spreading by inhibiting:
throombus formation and subsequent seeding in distant sites. Thrombocyto~
penia in malignancy may be explained that way, as the result of reduced
foruation from megakaryocytes. These mid bs made less productive by
incressing their stability. This is probably controlled by sowe humoral
factor, as Stienberg and Cheng (1965) have recently demonstrated the '
presence of somwe albumin bond-stimulating factor in megakaryocytopoiesis.
This stimulating factor s mainly involved in the maturation of mega-
karyocytes and not in the migration of the cells from the bone marrow or
platelet formation. It is possible that the maturation factor was
umaffected in pattents with neoplasns, but that an alteration takes place
in the factors controlling platelet formation. Priszivoit's observation
that the blood platslet level was reduced in megakaryocytosis of the bone
marrow may therefors be valid. In some othexr throubocytopenic conditioms,
e.g. thrombocytopsnic purpura, abnormal basophilic, degranulated nega-
karyocytes and a reduction in numbers were noted in the bone marrow
(Rosenthal and Erf, 1943).

. In the case of thrombocytopenia following bleeding and surgical
opsrations, an incrcased rats of wmaturation and proliferation of these
cells have been cbssrved. But the observation of old forms in circulation
could not be confirmed in this experimental study., - '

When animals with tumcur bave a minimal thrombocytopenia, and
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wegakaryocytosis in the bone marrow, compsnsation for the reduced platelet
count dou not seen appamt. (P:!zivo!t, 1964). It is possibh that the
tumouy itnlf causes ptou!oration of thc bono marrow mtgaluryocyul.
Extracedullary mgakuryocytosh is uot dcmdnt on e!u bonc marTow
mahryocyul, ad t!m: is posaidbly true in tho!.r c!rcuhtln; counterparts.
5o far tha cmﬂmul evidlnce has been ﬂut tln hc!dmo of
cluuuting mumryoeytn is not influenced by the blood 91::.1.: levsl
and the bm TATTOW mtgakaryocyul. Ve are now couttoutod vuh two
pro!;;m_n 1) vhat is the stimulus for thou cou. to !.ucruu. aad 2)
vhat.v is the source of thesa cells. lxtrmdnunry megakaryocytes are
found in e ouzber of conditions. Experimental myelold oetaplasia may be
produced by several methods (Sternburgh, 19095 Jaffes, 1921; Dickmeun,
1922; Lang, 1930, Horriu. 1951). Mugakaryoeyto-h may be uen in the
extnmodullny nitu. Apart from boln. p.rt of tbo myclo!.d clmto in
| cxtrmdulury tissue, these cells have on smral occn!ons b«n seen in
| extranedullary sites without bolug part: of the myelotd elenents (Schwars,
195&; c:nyu. 1966). Vl.tchov (1863) obnrvad that thue col.l.a do
proli!.'anu 1n othor sitas !rom embon of bone mnrrow. "!his hn been

nttouny ehnncngcd and thcn is mfﬁclwt proof to ntabnsh its
| fanacy (Schwarz. 1954, 1956). Local fom-tion frcm mmmiut
precursors hu nlrudy bnn :ucgutad, lmt that hu also been questioned,

‘ bcuuu theto is 0o dimt evldmc. .
’ﬂle rnponu of mgakatyocyus to t.ho phcnanmon of gn 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 organisa and
the atmosphere, was conceived. There is very little on the subject in the
1iterature, Tigerstedt (1913) assumed that platelets have a high metabolic
activity. Such a high nmetabolic ratejresumes an sdequate oxygen supply
and proupt removel of carbon dioxide, so that the lung might be regarded
as an excellent site for such demands. An accunulation of platelsts at
this site, either thzough increased production or a slower rate of decay,
would be undarstandable. Clinical! obsarvations supportsd by experimental
£indings indicate a relation between impaired vemous circulation and local
magakaryocytosis (Schwarz, 1954). Rosin and Rachmilewitz (1948) made the
interesting chservation that vhen human bons marrow cultures are kept
under reduced oxygen pressure all the calls are severely damaged, with the
exception of the megaksryocytes vhich alons preserve their normal
appearsnce.

There is no reason toc delieve that the same fact is also respon-
sible for megakaryocytsemia in cancer, In that case blood or serum should
be responsible for this condition. One does not find increased megakaryocytes
in hypoxsemic conditfons vhere polycythaemia is seen. No direct study has
so far been done., But it is possible that the blood oxygen level way
rvemain sudbnorwsl through increased mstabolic activity of malignsnt tumours,
though local anoxaenis is morve likely. We very rarely obssrved increased

numbers of meghkaryocytes in tumour sections. Hume (1964)



187

suggested that it ias possible to get a high incidence of circulating
megakaryocytes in blood draining the tumour. But she later concluded
that these cells cane frou the bone marrow rather than the tumour itself.
Pruitt and his colleague (1962) also noticed a higher incidence of mega-
karyocytes in the blood draining the tumour arsa. If higher metabolic
activity were the cause for attracting megakaryocytes to the tumour area,
the reverse would be thecase, PFewer megakaryocytes are found in the blood
of the pulmonary vein than that of the pulmonary artery. But again this
effect could be due to the nechanical sieving effect of the pulmonary
capillaries. Relations between the gas exchange and this effect and
tenours are still difficult to explain. A thorough study should be made
wnder various conditions of blood and tissue gas exchange to confirm or
refute this postulate.

Megakaryocytasmia as s terminal sign of malignant disease has
been associated with leukoerythroblastic anaemia (Minot, 1922; Whithy,
1949). But in a considerable proportion of cancer cases no anasnia at
all is seen (Shen, Houmberger, 1951), Extensive bone marrow involvement
through tumoura may produce a striking hassatological effect. This is
usually leukoerythzoblastic snaemia 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. 5%) had cancer
cells in the sternal bone marrow. Anaemia has been seen in patients with

cancer of the left side of the colon (Lahey, 1939), cancer of the rectum
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and snal canal (Raven, 1953) and cancer of the stomach (Raven, 1958);
Patients with lung csncer may also present with ansemfa (Britton, 1963).
But the majority of superficial cancers ars mot associsted with anaemia.
Ansenia may be seen in cancer of the breast and cancer of the p‘zé-ﬁnu
because of bone involvement. With disseminatsd malignant diseases
hasuolytic snaemia way be seen with increased iron turmover and increased
plasua volune (Lockner, 1960).

' In the present experiment all the tumours were superficial, and
careful postmortem examination gave no evidence of bons involvement., In
the rats of Experiment 1, group b, the incidence of circulating megakaryo-
cytes was high on the 7th day, vhen the tumour volums was 0.620 cc
(SD + 0,273). The increase becams statistically sigaificant on the 14th
day, when the mean tumour volume was 5.685 cc (SD + 1.357). Though no
assessnent of ansenia was done, anaenia was unlikely st that stege, when
the tumours were so small. Blood smears never showed any abnormality in
red blood cellsy reticulocytes and megaloblasts wers just occaiionilly ‘seen,
Though one finds increased numbers of megakaryocytes in the blood of
patients with advanced carcinoms, amnd 'also leukcerythroblastic ansemia,
snaemia cannot be associated with this increase in early cases, or even
after {njecting tumour homogenate. But thers are still gaps in these
precises, to prove the validity of my observatiom.

The respouse of these cells as a result of splenomegaly has
been studied by Schwars (1954). But there has baen no report suggesting
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that the spleen may be one of the sources of.cltculntingympgnkazyocytas,
Splencmegaly has been seen as a result of sepsis, bleeding and other _
chronic conditions (Britton, 1961). Extramedullary haematopoietic centres
were noted, and megakaryocytes have been seen in association with these
centres. It is possible that umder these conditions the spleen, and
partieulatly 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 Catayees injected
tunouxr extracts and found increased wegakaryocytes in the splenic pulp
even though there was no extramedullary haemstopoietic centre in the
spleen. In the present study, increased megakaryocyti; were observed in
the blood after tumour homogenate injections. Interestingly enough, there
was also an increase after liver tissue homogenate injections. Houever,
this shovs that anaemia and megakaryocytaemia when present in neoplastic
disease are controlled by & different stimulus.

Paulus (1967) described the megakaryocytes as polyploid cells,
Polyploidy is comron in plants, and normally sssociated withvdiffet'nt;atlon
end ighidbition of reproductive mitosis (Palay, Das, Skoog, 19573 Torrey,
1958). In megakaryocytes polyploidy may have many additional comsequances.
Some of these aze morphological, e.g. the large size of both the nucleus
and the cytoplasm may be explained dy polyploidy. More important, however,
may be the metabolic and genetic disturbance associated with s high

chromosome number, As Frankhauser (1952) pointed out, the increase in
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cell size could influence the relationships bgtwcen~cytopla;m and‘quéqus,
and cytoplas@ and environmqnt. In tetraplol#.yellcw-gorn.éhq am;unt of
catottnoid.pigmﬁnt per gene is Increased, In.trlploid.humnnsqbnofmal. |
development has also been.opservad, showing ;ho.abnqrmal\cumulaglve;ugtect
of an extra gene.,  Perhaps this difference in morphology snd.congequently
in cell physiology renders these cells more prone to migration from the
bone marrow to the circulation, because of their role in the body's,
reaction to the pathogenesis of neoplasia,

Puck and Murcus (1956) showed that polyploid cells are more
susceptidble to virus accumulation, The same has been shown for megakaryo-
cytes (de Haven, Friend, 19603 Dalton, Law, Moloney, Manaker, 1961;
Jerushalmy, Kaminski, Kohn, de Vries, 1963). De Haven and his colleague
carried out electron microscopic studies in gniﬁalo with virus leukaemia
and found numerous characteristic particles inside the channels ot:mega-
karyocytes which were different from intracellular organelles. If these
perticles are accepted as a morphological representation of oncogcnous,,
agents, then we have an example of non-malignant cells functioning as a
site of replication for oncogenous viruses., Megakaryocytes may have served
as & site of virus raplication. |

. Paulus described both platelets and megakaryocytes as endocytic
elements. Platelets have been described as sponges (Adelson, Rheingold, .
Crosby, 1961). The endocytosis of platelats has been clearly. established

through electron microscope pictures of phagocytosis (David-ferreirg, 1964)



191

as well as of pinocytosis (Bessis, 1953), Im vitro, endocytic intervention
may induce the liberation of ADP and the loss of platelet granules. In
vivo it may lead to a more prolonged thrombocytopenia (Tail, Elvidge, 1926).
Thronbocytopenia in malignant disease may bs ascribed to this phcnmuon
(Prizivoit, 1964). The megakaryocytes may be acting like a mop and.alsoc as
an endocytic element for the products of neoplastic tissue.  In the .abunec
of malignant disease their presence in the blood is not essential, - That 1is
vhy not all thrombocytopenic conditions axe associsted wltﬁ negakaryocytaenia.
A process of microphagocytosis of virus particles (de Haven et .al., 1960)

1s suggested, rather than a site of virus replication, but the phenomencn -
requires confirmation by other {nvestigators. . In fact, characteristic .
fnclusion bodies are seen in cells where virus replication takes place.

But no report so far published refers to any characteristic inclusion
bodies in megakazyoccytes.

. Minot (1922)(1923) suggested that the: appearance of megakaryocytes
in the peripheral blood was an indication of the done marrow being under
extreme stress. Recently Malwed (1967) found megakaryocytes and their.
fragments in the blood of normal subjects with no changes in the bone marrow.

Surgery and ACTH injections hava been shovn to increase the
nunber of megakaryocytes in the bone marrow. Hume and her colleague (1964)
nﬁd Pruitt (1964) also noticed o higher incidence of circulating megakaryo-
cytes after surgery, but there is insufficient evidemce to link this

phenomenon with the effects of surgery.
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~ "Sttllo" has been lald to ‘cause thn mcgakatyocytcn to mtgrctc ‘
from the bone maxrow to tho blood. but thorc is no cvtd-nco that thtl |
stress factor 1- rslatcd to the sttess Tesponse of tha adrtunl nnd
pituitary axiu.‘ In thn preseut study, no slgniftcant altcrattun in thc
incidence of wagakaryocytes vas observed after tumoving the lﬂptltllll
glands from both normal‘aqd tunour-bearing rats. Nor dtd any dlft.tcnccu
become. apparent when such rats were given cortisons. Somo chan;co vers
observed in adyenslectomized rats injected with tumour hoﬁog;natﬁ. The
increase was lovw, but atatiatically significant. This cleatlﬁ pté';l that
tuncur products are either directly ox indiructly involvud in caulln; thc
migration of wegskaryocytes. And the megakaryocytes ara cells uhtch for
soms biological reason respomd to meoplastic growth.

One should be aware of the fact that a deflnlﬁe response of
m.gakaryoéytea is associated with neoplastic oonditions. 1f the inctduncc
of circulating megakaryocytes is increasaed in the absence of zny clinical |
signs, the possibility of an occu1£ neoplastic condition ahould be
cousidared. ‘ | |

~ Im thn study of circulattng cancer cella, care muat bs takcn to
dtscingntsh these cells from circulating megaknryocytas. Earlier
investigators did find up to 327% of cancer cells in the per!phorﬁl blood,
but these figures decreased when more becams knovm of various otﬁct | |

haemstologigal Tesponses to tumours,
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CONCLUSIONS
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The incidence of circulating wegakaryocytes is greater {n
Wistar rats bearing Walker tumours thau in norual rats. It incresses in
direct uhtipa to tha volt_uc of the tumour, Surgical traums and general
ansesthesia do not affect the incidence of megakaryocytes in the blood of
Wistar rats. Subcutanscus injections of the blamd substances arachis oil
and normsl saline also have no effect. Subcutaneous injections of |
turpentine produce granulomatous ulcers, but do not affect the incidence
of cizculating megakaryocytes. Tha ulcers produced by injections of
turpentine were left open and it was possible for them to becoms infected.
It wvas found that thess open granulomatous ulcers did not affect the
incidence of circulating negakaryocytes.

Laparotomy, ACTH injections following laparotomy and ACTH
fnjections without laparotomy had no effect on the incidence of circulating
megakaryocytes, It im of interest that other investigators have
demonstrated that in the bone marrow the nunber of wegakaryocytes increases
after injections of ACTH and aiter surgery.

The present study has shown that the suprarenal glands have no
direct affect on the incidence of circulating megakaryocytes. It is
assuned that ACTH injections cause increased secretion of cortisome from
the supravenals. Norwal rats infected with ACTH showed no increase in the
incidence of clrculating usgakaxyocytes, However, when adrenalectomized
rats were injocted with Walker twscur homogenate and cortisone, the
incidence of circulating megakaryccytes was higher thean in a group of

adrenalectonized rats who had received Walker tumour
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homogenate only, This suggests that a factor other than tumour, tumour .
homogenate and corthone ueutcd in the.at's otgan!sm may be responsible
but that 1njcctcd cort!aono causes -n increase, If thc lnjoctcd cortlsone
lc not the causc,thcn the actlvity of this othor faetor appcarl to be
fncreasad by a tunour or by tumour ttsnuo homogenat., and h.lghtened
further by injections of cortisonc.

A}ntt.f:om tunour homogenate, liver humogcﬁate from nonnal rats
is also ‘capable of increasing tha incidence of circulating mcgakafyocytes.
Thi. may be due to a product of cell division, a phcnom-non comrmon to both
tumour .nd normal tissue, Other inwtatigntorl hav. already demonstrated
a serun protein factor which imcreases the number of mogakaryocytca in the
bona marrow without altering the blood platolet count, It i{s not yet
known vhnthct the same factor is responsidble for the increased incidence
of circulating maglkityocytcl. If the effect is pfoduqed by a tumour
factor, it may be assunad that the liver of rats also contains this factor,
although in a lesser concentration. Other.uork.ru have demonstrated that
the protein content of tumoui tissue is similar to that cf the kidney and
spleen in ﬁice. In this study it has becn'obsorvud that liver as well as
tumour homogenate from rats produces an increase in the incidence of
circulating megakaryocytes, vhereas spleen homogenat§ doss not.. Tﬁls |
shows that tumour and liver homogenate have some similar effact.

Iﬁ Soth aotﬁﬁl rats and rats with tumours, the 1ncidence.of
eirculating megakeryocytes is in no way related to any éhangei in.the

blood platalet lavel.
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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 nomrmal Tats given no treatument.
Rata with tumours given irradiation and cancar-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 vesponse to tumours is not yet under-
stood, but it has deen suggested by other workers that there is some
similarity between the {mmme response to tumours and that to skin grafts.
In this study the {mmyme reaction produced by skin grafts did not affect
the incidence of circulating megakaryocytes.

Cilrculating megakaryocytes derive primarily from the bone marrow.
In the present study it has been shown that in advanced stages of Walker -
tunour in Wistar rats the spleen alsgo contributes to the increased
incidence of these cells in the blood.

So far we know that the function of megskaryocytes is to form
blood platelets., In this study it has been observed that the incidence
of circulating megakaryocytes increases in rats with transplant tunours.
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,



196

These findings would suggest that in humans, the possibility
of an occult neoplasm should be considered 1f the megakaryocyte count
in the peripheral blood continues to be positive in the absence of any

clinical signs,



1.

2o

3.

be

Se

197

Sucmary

The 1ncideucc of circulating megakatyocytes is significantly higher

in Uistar rats with Walker 256 tumours than im normal rats.

The incldence of citculatinu megakaryocyt.- is dircctly proportlonal

to the volume of the timour,

General anaesthesis end surgical trauns have no effect on the incidence
of circulating megaknryocytéa.

Azachis oll and noimal saline, injected subcutaneously, have no affect
un the incidence of circulating megakaryocytas. ‘

The irritant substance turpontinc. injected sﬁbcﬁtancously.'pioducel

| granulomatous ulcers, but this apparently has no effect on tha incidence

6.

7.

8.

9.

of cifculatlng megakaryocytes.

Subcutaneous injectioni of adremocorticotrophic horaone and Rheouscrodex
(Dextran RMI 10 G, NaCl 0.9 G, water for injection 100 nl.) have no
effect on the incidence of circulating megakaryocytes.

When Rheomacrodex or ACTH are injected after laparotouy, the incidence
of circulating megakaryocytes is not significently changed.

Couplete excision of the twoour reduces the incidence of megakatyoéytes
in the blood, which bad originally increased after the tumout‘iranSplant.
Partial excision of the tumour is followed by a tesporary drop in the
incidence of circulating wegakaryocytes, but later it continues to

increase as the volums of the tumour increases.
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Subcutanecus injections of tumour tigsue homogenate also increase
the incidence of circulating wegakaryocytes.

Injections of a homogenate of liver ;iahpe‘frq@Anotmalgraps increase -

‘the'inéidgnce‘of eirculating .megakaryocytes, but the lavel of ,

significance is wuch lower in this case than with tumour tissue.

Homogenates of muscle and splenic tissue of rats injected asubcutaneously

- seem to have no effect on the incidence of circulating negakaryocytes.

13,

14,

15.

16,

17.

In normal rats, bilateral adrenalectony appears to have no effect on
the incidence of megakaryocytes in the blood.

When rats who have undergone bilateral adrenalectomy are givem tumour
transpiants, the incidence of circulating megakaryocytes increases in
a similar way as it does in rats with tumours who have not undergone
this operation. , . o ‘ _
The incidence of circulating megakaryocytes is slightly higher in

the group of adrenalectomized zats with tumours who werc given injecticns
of corticosterone. But this incidence is stiil in the same range as

that of rats with tumour only,

When adrenalectomized rats are given injections of Walker tumour tissue
homogenate, the incidence of circulating megakaryocytes is significantly
higher.

Vhen adrenalectomized rats are given injections of Walker tumour

tissue honogenate and of cortlsone, the incidepce shows an increase

- which is slightly higher than that seen in adrenalectomized rats given

tumour tissus homogenate omly. ’
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In normal rats, splenectomy has no effect on the incidence of
circulating megakaryocytes, ‘ .

In rats with tumours, splemectomy apparently does not affact the
fncidence during the earlier stages of tumour growth. During the
later stage of tumour growth, the group shows a:lower incidence.
ITomune reactions produced by skin homografts and heterografts have .
no effect on the incidence of circulating megakaryocytes.

In normal rats, irradiation and cancer chenotherapy does not affect
the incidence of circulating megakaryocytes.

Vhen rats with transplanted tumours are treaged with irradiation and
cancer chemotherapy, the increase in the incidence of circulating
megakaryocytes is comparable to that observed {n the group of untreated
rats.

Haemorrhages do not affect the incidence of circulating megakaryocytes
in the blood,

The withdrawal of blood causes an initial drcp in the blood platelet
count, which is followed by a rise to up to 180 to 200 percent of
the initfal count by the 3rd to 5th day, and return to the mormal by.
the 9th to 12th day,

The blood platelet level shows no relation to the incidence of
circulating megakaryocytes,

In rats with transplant tumcurs, the blood platelet level remains

on the low stde of the nmormal range, or 'slightly below the nomal,
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A serun fector has besn postulated, which is respousible for the
incTeased incidence of circulating megakaryocytes., This factor may

be acttvniad or stimulnt&d‘by the products or secretions of the tumour,
and St may be a protein.

This activator is mot uniqué for malignant cells, but may'bclcommon

to all dividing cells. It is probably present in the liver cells of
Wistar rats and in the spleen and kiduey of mice.

When studying wmalignant cells in the blood, care must be taken to
differentiate these from circulating megakaryocytes.

The presence of intact megakaryocytes in the blood of human patients

might indicate an occult neoplastic conditiem.
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EXPERIMENT 1 APPENDIX 1
Group a Group b

No Treatment Transplanted

Walker Tumour
No. of 0 7 14 21 0 7 W4 21
rats davs days days days days days days days
* - L * L
1 S T " @ o O
2 - - - - I ¢ ) I )
* - - - [
’ ! L, @
4 - - = - S ¢ B
s - - - - ' - - - -
- L L 2 L 2
¢ - - - - ) @ @
7 - - - - -
- - - L 2
8 - - - T (6)
9 - . - - - .
. . v ¢ +
10 m - - - 3 () (8)
L + R
1 - = = T3 W ®
12 - - =T N ¢
13 - - - ) (5
* - - -— -

14 Y ¢ b

_ _ » +
15 - - - = @) @
N . N
16 e W 3
17 - - - - - - - -
- - L 2 L 2
18 = (I) - (6) (:)
19 - - = B )
20 T (2) (10

(Number in parenthesis represents real cell count)



APPENDIX 2

EXPERIMENT 2
Group a Group b
General Anasesthesia Ceneral Ansssthesia
& Laparotomy
No. of o 7 14 21 0 7 4 21
rats days days days days days days days days
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
+ +
3 (2) (2

6 - - - - - - - -
7 + - _ - - + *
(2) (1) @

8 _ + + _ _ _ -

(1) (2
9 - - - - - - - -
10 - - - - - - - -
.

1 -0 T T ST @ T
+ +

12 (1 (1

(Nunber in parenthesis represents real cell count}
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EXPERIMENT 3 APPENDIX 3
Group a Group b Croup ¢
Subcut Turpentine Subcut Normal Subcut Arachis 0il
Saline
No. of o 7 14 21 o 7 14 21 0 7 14 21
rats days days days days days days days days days days days days
1 - - - - - - - - - ? - -
B ¢
2 _ _ + _ _ _ _ _ +
3 1)
3 _ + + _ - _ _ - _ - _
(2 (1)
& - e - ¥ - - * - - e -
(3 (2)
5 _ _ _ _ _ + + + +
(1) () (2 (@)
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
. N
8 (1
9 - - - - - - - - - - - -
*
10 )

(Number in parenthesis represents real cell count)

| XA




EXPERIMENT . APPEIDIX 4
Group a Group b CGroup ¢ Group d
Subcut Rheomacrodex Subcut ACTH Laparotomy & Laparotomy &
Subcut Rheomsacrodex Subcut ACTH

No. of o 7 14 21 o 7 14 21 o 7 14 21 0 7 14 21
rats days days days days days days days days days days days days days days days days
1 _ _ + _ + _ ' _ _ _ _ _ + -

(1) (3) 1)
2 - _ - * _ * _ _ - - - - - - _ -
(2) (1)
3 - - - - - - - - - * - + - * - -
2) ¢)) 1)
4 _ - _ - - _ - - + * _ - - _
3 3
+*
3 N B - - - B - - - - - - - Q1)
6 - - + + - - - _ _ - - - - * - -
1y () (3)
7 - - - - . - - - - - - - - - - -
8 - - - - - - - - - - - - - - - -
*
9 . - T T R ¢ )| - T T T
* * + +
10 - - - - - - - - a (@) - 3 @

(Number in parenthesis

represents real cell count)

VA4



EXPERIMENT 5 APPENDIX 5
Group a Group b Group ¢
Excision of Skin Coaplete Excision Partial Excision
of Tumour of Skin
No. of 0 7 14 21 28 50 o 7 14 21 28 SO 0 7 & 21 28
rats days days dzys days days days days days days days days days days days days days days
1 L ~ - L + + ¢+ ¢ + ¢+ o+ ¢
() a) @ @) 6) W) (3) () 9
2 - _ o+ st ead _ e
) ) @) ) a @
L 4 L L 4
3 - - - - - dead - - - - - - T @) (4) 3) dead
+* ¢+ o+ o + ¢+ 2+ o + +
4 @ M @ @ 5) W) (@) (3) % R )
5 _ - _ _ _ + ¢ 9+ . - ¢ ¢+ o _*
%) () @Q) 3) (3 Q) @ (2)
6 - + _ - _ _ + - _ _ _ + _ _ - _
(2) ) (3)
7 - _ .+ ¢ + + @ * + o + ¢ + o+ e
@) 1 ) a1y @ @O Q) (5) (3) (5) (&) (6)
+ +
8 - B - - - I ) R - B - - B ¢ ) dead
9 _ - _ _ _ _ S S - - . .
2) 1) @) (2)
+ + * + +
10 S 6> J Y ¢ W " @ () e

(Number in parenthesis represents real cell count)

Continued/....

gt



EXPERIMENT 5 (Continued/....)  APPENDIX 5
Group a Growp b Group: e
Exeision of Skin Complete Exeision Partial Excision
of Tumour ' of Skin
No. of 0 7 14 21 28 50 0 7 14 21 28 50 1] 7 14 21 28
rats days days days days days days days days days days days days days days days days days
1 _ _ _ _ _ _ * r - _ . . . . * _ .
(1 Q) 1) (@) (1 @ QO &)
* + . .
12 - T @ - - =T @ (6 (s) desd
13 - - - - - -
14 . * . + + *
@ 3 » ) @ @
15 + * - _ _ -
3 Q)
* + +
16 @@ o - T T
17 - - - - - -
“ - - - - - -
19 * * + + . .
2) 3 1) @ @ @
20 . + _ _
) ()

(Number in parenthesis represents real cell count)



EXPERIMENT 6

APPENDIX 6

Group a

Group b

Croup ¢

Group 4

Subcut Injection
of UHalker Tumowr

Subcut Injection of
Muscle Homogenate

Subcut Injection of
Liver Homogenats

Subcut Injection of
Spleen Homegenats

Homogenate
No. of 0 7 14 21 0 7 14 21 o 7 14 21 0 7 14 21
rats days days days days days days days days days days days days days days days days
1 _ * * - _ _ * _ _ _ + - _ _ _
2 ) 1) Q)
2 _ _ _ _ _ . _ _ _ + + _ _ _ _
1) 1) 3
3 _ - _ - _ _ - _ _ * _ _ _ * * +
3) 2 Q) (3
M _ * + 4 - - +* _ - - - _ - - - -
3 @ 3 (1)
5 - _ _ _ _ * * * _ * * _ - _ _
) @ 3 1 @
6 _ _ _ _ _ + _ _ _ * * _ _ _ _
(2) ) Q)
7 - - -t - - - - . A - - - -
1) (2)
8 - _ + + - - - _ _ _ _ _ - + _ +
3y 9 1) 2)
9 - - - - - - - - - - - - - - - -
o - + + - _ + - _ * _ _ + +
t w - @ @) (1 » W

(Number in parenthesis represents real cell cowmt)

Coﬁhﬂd/....
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EXPFRIMENT 6 (Continued/....) APPENDIX 6
Group a Group b Group ¢ Group d
Subcut Injection of Subcut Injeetion of Subcut Injection of Subcut Injection of
Walker Tumour Muscle Bomogenate Liver Homogenate Spleen Homogenate
Homogenate
No. of 0 7 14 21 0 7 1 21 o 7 14 21 0 7 1% 21
rats days dsys days days days days days days days days days days days days days days
1 + * * - + - _ - _ - - - -
(2) %) Q) )
12 - _ * + - - - - + * - _ - -
n @ a @
+ *
13 - - T (2 } R N o}
+*
14 B O -
+ * +
B ST ® a0 - 7T T @ -
16 - - - -
+
17 - - @
+ +
18 =) )
+
19 )
20 - - - -

(Number in parenthesis represents real cell cpmt)
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EXPERIMENT 7 APPENDIX 7
Group a Group b Group ¢ Group d Group e
Bilateral Bilateral Bilateral Bilateral Bilateral
Adrenalectomy Adrenalectomy and Adrenalectomy, Adrenalectomy and Adrenalectomy,
Transplanted Tumour |Transplanted Tumour Walker Tumour Tumour Homogenate
and Injected Homogenate Subcut and Subcut

with Corticosterone

Corticostarone

No. of 0 7 14 21 0 7 14 21 0 7 14 21 0 7 14 21 0 7 14 21
rats days days days days |days days days days |days days days days |days days days days |days days days days|
1 _ + + _ _ + + - . + + _ - + + _ _ + +

2 Q) (3 3 1) @) (1) Q) (2) )
2 _ _ _ _ _ _ _ _ _ _ + * _ _ _ _ _ + + +
(5) (4 (3) @ @
3 _ _ _ _ _ _ _ + * + + _ + + + _ _ _ +
(2) 2 @ G 1 @) Q) (5)
s _ _ _ _ _ _ + + + + + _ _ _ + _ _ _ _
a @ 1 G @ (2)
5 _ _ _ _ + * + _ _ - __ _ _ - _ - _ _ _
2 W @
6 _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ + + +
1) @3) (@)
7 _ _ - _ _ _ _ _ * + + _ + + + _ _ _ -
3 O O 2 @ &)
8 _ _ _ _ _ _ _ + _ + _ _ _ _ _ _ - _
(6) ¢))
9 _ _ _ _ + + * + _ + _ _ _ _ + + + +
) (1) &) (@) (11) 2 b ) O
10 + _ _ - ~ _ _ _ _ _ _ _ + _ _ + +
(1) (2) (2 &)
(N_ber in parenthesis represents real cell count) §
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EXPERIMENT 7 (Continued/....) APPENDIX 7
Group a Group b Group ¢ Group d Group e
Bilateral Bilateral Bilateral Bilateral Bilateral
Adrenalectomy Adrenalectomy and Adrenalectomy, Adrenalectomy and Adrenalectomy,
Transplanted Tumour | Transplanted Tumour Walker Tumour Tumour Homogenate
and Injected Homogenate Subcut and Subcut

with Corticosterone

Corticosterone

No. of 0 7 14 21 o 7 14 21 o 7 1 21 0 7 14 21 0 7 14 21
rats days days days days | days days days days | days days days days | days days days days | days days days days
1 _ _ _ _ - - _ - - _ + + + _ - _ +

(S) %) @ (1)

12 _ - _ _ - _ - - _ + _ _ _ + _ - - +

(1) (2) (1)

13 _ + + + - - - _ - - _ _ + + +

3) &) (2) 2 @ )

14 - _ _ + - - _ - + + + _ + + +

(5) 2 3) @ (2) (6) (&)

15 _ _ _ _ - + + + - - _ * _ + + +

% @ @) (83 5y @ @

16 + * + _ + + + _ _ _ _ _ + + +

(2 @ @) 3) @ Q) %) (@) (@)

17 _ _ _ + _ + + + - _ _ _ _ _ _ _

3) (2) () (o)

18 _ _ _ + _ _ _ _ + + + _ - _ _
(5) 3) )

19 _ _ _ _ _ _ + + _ . _ _ _ _ + +

5) () (1) 1)

20 + * + - _ + + _ _ _ + - - + +

1) 3) ) 2 M (3) (1) (3)

(Number in parenthesis

represents real cell count)

0€e
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EXPERIMENT g APPENDIX 8
Group a Group b
Splensctomy Splensctomy &
Transplanted Tumour
No. of o 7 W 2 0 7 14 21
rats days days days days days days days days
1 _ s .+ + e
(1) (2 (@) (@)
2 - = - - - - -
) .
3 - T T T I ¢ ) T
4 R . T
(2 (1 (3 O
s - - - - - - - -
‘ - - - - - - - -
7 - - - . R . S
1y ¢
8 - - - - - - 2 -
(1)
9 - - - I I
(2) (6)
L g
10 - T T ST M m
11 - - - = - - - -
K L J L J
12 ST T T @ 6
B I - T T
14 @ - T T
13 @ - T T T
¢ ¢+ o+
16 - T T T @) Ay W
17 _ _ - - _ o+ ¢+ ¢
N @« 13)
18 - - - - .+ o+ +
2) 3
L
19 - T ST
20 - - - - - - - -

(Number in parenthesis represents real csll count)




EXPER YMENT 9 APPENDIX 9
Group a Group b Group ¢
Normal Bleeding Tumour with Tumour with

Bleeding (a) Bleeding (b)

No. of 0o 1 7 21 0 1 7 21 0 1 15
rats days days days days days days days days days days days

1 - _ - _ . + + . +
(1) 2 @ Q) O

2 _ _ _ _ + + » + + _ +
6 (2 @ @ 3) (2)

3 _ - _ _ * _ + * _ +
(2) (11) (2) Q10)

4 + + _ _ _ + _ - _

1) () (2)

s _ _ _ _ - _ + + _ . +
@) (©) (2) (6)

6 _ _ _ _ _ - _ - _ _ +
4)

7 _ _ _ _ _ _ + ~ _ _ +*
(5) (6)

3 _ _ _ _ * + + + + + +
2) 3) @& (@) ) 6 o)

g _ - _ _ + * + _ + + +
@) (4) (5) %) @) )

10 _ _ + - + + + _ + +
1) @» 3 @ a1 @)

(Number in parenthesis represents real cell count)



EXPERIMENT 10 APPENDIX 10
Group a Group b Group ¢
Skin Autograft Skin Homograft Skin Heterograft
No. of 0 7 14 21 0 7 14 21 o 7 14 21
rats days days days days days days days days days days days lays
1 _ _ - _ _ _ +* _ .
(2) (D
2 4 + * - + _ - - - _ -
(2 1) @) (3)
3 _ _ _ - - _ - _ _ - _ +
(1)
+
¢ - T T T - T T T T @ T T
.
3 - T B 4))
: .
6 - 3
7 _ _ - - - _ _ _ _ + - +
Q1) (3)
8 - - - - - - - - - - - -
9 - - - - - - -— - -— - - -
10 - - - - - - - - - - - -
11 - - - - - - - - - - - -
12 _ - - _ _ _ _ + - + . .
(1) (3) )

(Nmmber in paranthesis

represents real cell count)

£eT



EXPERIMENT 11 APPENDIX 11
Group a Croup b Group ¢ Group 4
Vhole Eody Intraperitoneal Irzadiation Treatment by
Irradiation Injection of - of Tumour Methotrexate in
Msthotrexate Rats with Tumour
No. of o 7 14 21 0 7 14 21 0 7 14 21 28 0 7 14 21 28
rats days days days days days days days days days days days days days days days days days days
1 _ _ _ _ _ _ * * _ _ _ _ + _ _ _ + +
) (@) ) 2 G
2 _ _ _ _ _ _ _ - _ * * + * - + + + +
(3 @ @ &) 2 2 ¢y 3
3 - - - _ - _ _ - _ - _ _ - _ _ + + +
1) @ W
‘ - - - - - - - - - - - - -~ - - P - -
5 - _ _ - _ _ _ _ - * + + + _ _ + * +
) ay 3 Q) @) @ 3
6 - _ _ - _ _ + » _ _ - + + - _ + + +
(1) @ 1) (@ a) @ (¢
7 _ _ * + _ _ * * _ _ * + * - _ + + +
3 & 3) &) “) k) () 3) (9 Q)
3 - _ + + _ _ _ _ _ * _ + + - - _ + *
3 6 2) a & )
9 _ _ _ _ _ _ - _ _ _ - - _ - _ * + *
(M &) @)
10 - - _ _ - _ _ _ _ _ - _ * - - _ * *
(2) 6) (5)
(Number in parenthesis represents real cell count) o
b3

Continued/....




EXPERIMENT 11 (Continued/....) APPENDIX 11
Group a Group b Group ¢ Group d
Whole Body Intraperitoneal Irradiation Treatment by
Irradiation Injection of of Tumour Methotrexate in
Methotrexate Rats with Tumour

No. of o 7 14 21 o 7 14 21 0 7 14 21 28 0 7 14 21 28
rats days days days days days days days days days days days days days days days days days days
11 - _ - _ _ _ _ _ _ +* * . - * . + .

1) Q) @) Q) G @) @™

12 _ _ _ _ - - _ ~ _ _ - - . - + + * +
(2) 1) ) @) @)

13 _ - _ _ - + _ _ _ _ _ _ _ . * *
(1) 1) 9) (@)

14 _ _ _ * * . - * . + - . _ + .
1) (2) (2) 1) ¢) 3 (%) s @

15 - _ _ - - . * + * . _ - . _ *
%) 2) 3) W (2 3) 3)

(Number in parenthesis represents real cell count)

1114




EXPERIMENT ¢ APPENDIX 12
PLATELET COUNT

Group a Group b Group ¢
in Thousands in Thousands in Thousands
No. t:f Day 0 Day 1l Day 7 Day 21 Day 0 Dayl Day 7 Day 2l Day O Dayl Day 7 Day ié
za
1 780 800 1,842 1,000 700 680 800 472 980 670 1,011 586
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
3 554 350 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
10 580 326 1,380 920 588 458 1,000 450 492 390 508 402
Mesn 752,200 534,000 1,490,000 914,800 647,800 521,800 944,200 642,250 770,000 567,800 856,400 646,400

9t
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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 x 1.0 x 0.5 3.0x 2.4 x 1.2 5.6 x 4,0 x 3.2
2 1.2 x 1.0 x 0.5 3.8x2.5x 1.5 4.9 x 3.8 x 3.5
3 1.4 x 1.0x 0.75 2.9x2.2x1.5 5.0x 3.9 x 3.0
4 1.6 x 1.2 x 1.0 3.2x 2.5x 1.2 5.3 x 3.7 x 2.8
5 1.7x 1.0x 1.0 3.8 x2.7x1.2 6.2 x3.0x1.9
6 1.4 x 0.7 x 0.9 3.8x2.1x1.3 6.5 x 4.0 x 2.7
7 1.8 x 1.1 x 0.9 2.7x 2.6x1.9 4.5 x 3.8 x 2.0
8 1.5x1.3x1.0 2.6 x2.0x 1.3 4.8 x 3.2 x 2.3
9 1.2 x 0.9 x 0.7 3.7x2.5x 1.5 4.2 x3.0x 2.9
10 1.8 x 1.2 x 0.8 3.0x 2.1 x1.3 6.8 x 4.1 x 3.0
11 1.5 x 1.3 x i.O 3.0x 2.1 x 1.5 5.0x 3.5 x3.0
12 1.2 x 0,9 x 0.7 2.7x1.9x1.9 5.1 x 3.2 x 3.1
13 1.0 x 1.0 x 0.9 2.5 x 2.0x 2.0 5.7 x 3.8 x 3.2
14 1.4 x 1.0 x 0.7 3.2x1.9x1.9 4.8 x 3.0x 2.5
15 1.5 x 1.0 x 0.6 2.9x 2.4x1.0 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 3.5x 2.1 x1.9 6.7 x 4.3 x 3.0
18 1.2 x 0.9 x 0.5 2.4x19x1.5 4.2 x 3.2 x 2.8
19 1.0 x 1.8 x 0.5 2.9x2.5x 1.7 3.9 x 3.1 x 2.7

»N
o

1.3 x 0.7 x 0.5

3.1x2.8x1.9

6.7 x 4.8 x 3.0




EXPERIMENT 11

Group ¢

Measurement of Tumour

APPENDIX 14

No. of
rats

Day 7

Day 14

Day 21

Day 28

W 08 N N s Wy e

et
o

1.1 x 0.9 x 0.7
1.2 x 0.5 x 0.8
1.5 x 0.7 x 0.4
1.3 x 1.0 x 0.4
1.5 x 1.0 x 0.6
1.4 x 1.0 x 0.7
1.2 x1.1 x 0.6
1.7 x 1.1 x 0.5
1.1 x 1.1 x 0.8

/
1.3 x 0.9 x 0.7

2.2x1.2x21.0
2,4 x 1.3 x 1.2
2,6 x1.,5x 1,2
3.0x 2.1 x 1.0
3.0x 1.8 x 0.9
2.8 x1.4x 1.2
2.5 x 1.8 x 1.0
3.1x1.9x1.4
3.2 x2.2x 1.6
3.4 x1.6 x 1.2

3.9x2.5x 2.0
4.0x 3.0 x 2.1
3.7x2.9x2.5
4.6 x3.0x 2.5
4.5 x 3.2 x 2.7
4.6 x 3.4 x3.0
5.0 x 3.2 x 3.1
4.2x3.8x3.0
5.0x 3.2 x 2.9
3.9x2.6x2.0

§.5x3.5x 2.5
5.4 x 3.9 x 3.1
6.2 x 3.4 x3.5
7.1 x 4.0 x 3.4
5.0 x 4.1 x 3.2
5.4 x3.9x 3.5
5.6 x 4.2 x 3.9
6.2 x 4.5 x 4.0
7.2 x 4.2 x 3.5
6.5x3.9x 3,8

Continved/....
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EXPERIMENT 11 (Continued/....) APPENDIX 14
Group ¢
Heasurement of Tumour
No. of
rats Day 7 Day 14 Day 21 Day 28
11 1.4 x 1.0 x 0.7 2.4x1.6x1.0 3.7x 2.7 x 2.0 5.5x 4.7 x 3.1
12 1.7 x 1.2 x 0.9 2.3x2.0x1.5 4.1 x 3.2'x 2.1 7.0x S.1 x 3.1
13 1.0 x 0.9 x 0.6 3.0x1.9x 1.0 3.6 x3.1 x2,2 5.8 x3.9x3.1
15 1.2 x 0.7 x 0.5 2.5x1.6x1.,2 4.3 x3.5x 2.7 7.0x 5.1 x 3.8

1.7 x 1.2 x 0.9

3.6 x2.1x1.5

4,7 x2.9x2.5

6.1 x4.0x 3.6

6¢7



EXPERIMENT 11 APPENDIX 15
Group d
Measurement of Tumour
No. of
rats Day 7 Day 14 Day 21 Day 28
1 1.0x 0.9 x 0.6 2.3x19x 1.0 4.9 x 3.9 x 3.2 6.1 x 3.11 x 3.0
2 1.9x 1.0 x 0.5 2.7 x2.0x 1.1 5.1 x4.0x 2,9 5.9x 4.5 x 3.2
3 1.5x 1.2 x 0.7 3.1 x1.9x1.2 5.2x 4.1 x2.5 6.5x4.5 x 3.0
4 2.0 x 0.75 x 0.6 2.8x2.4x1.1 4.2 x3.1x2.6 5.1 x 3.5 x 3.2
5 1.8 x 1.0 x 0.9 3.4 x2.7x1.5 5.4 x 4.1 x 2.4 6.9 x 5.0 x 3.1
6 1.5x 1.0 x 0.7 2.5x2.2x1.4 6.5 x 4.2 x 3.1 6.9 x 5.4 x 4.0
7 1.9x1.2 x 1.0 2.7x2.4x1.75 6.2 x 4.4 x 3.0 6.4 x 5.8 x 3.2
8 2.0 x 1.1 x 0.9 2.9 x2.5x1.9 4.2 x 3.6 x 2.7 6.2 x 4.2 x3.5
9 2.1 x 0.9 x 0.9 3.5x2.4x1.4 4.8 x 3.7 x 2.9 6.1 x4.2x 3.5
10 2.1x 1.4 x 0.6 3.6 x 2.6 x 1.7 5.2 x 4.4 x 3.0 5.7x 5.0 x 3.8

cmtinudl . o ve
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EXPERIMENT 11 (Continued/....) APPENDIX 15
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 3.2x 2.8 x 1.6 4.1 x 4.0 x 2.9 6.3 x §.7 x 3.1
12 1.7 x 1.2 x 1.0 3.3x2.7x 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 2.5x 1.2 5.1 x4.0x 2.9 5.9 x 4.9 x 3.7
14 1.9 x 1.4 x 0.9 3.0x 2.1 x1,7 6.2 x 5.0 x 3.1 6.5 x 5.8 x 3.6
15 1.8 x1.5x 1.0 3.7 x2.8x1.9 4.0x 4.0x 3.1 6.0 x 4.2 x 3.5
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