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A transplantable colon adenocarcinoma of the mouse 
(MAC16) was utilized as a model of human cancer cachexia. 
The MAC16 tumour produced extensive weight loss in the host 
at small tumour burdens and without a reduction in either 
food or fluid intake. The weight loss was characterised by 
a decrease in both carcass fat and muscle mass which were 
directly proportional to the weight of the tumour. 

The weight loss has been correlated with the production 
of circulatory catabolic factors by the tumour, which 
degrade host muscle and adipose tissue in vitro. 

These factors were further characterised and have been 
shown to be distinct and separable by gel exclusion 
chromatography. The proteolytic factors (molecular weight 
>150k daltons) were distinguishable from the lipolytic 
factors which appeared related with molecular weights of 
approximately 3.0, 1.5 and 0.7k daltons. 

Lipolytic factors of the same molecular weights were 
identified in other tumour models and in the body fluids of 
tumour-bearing animals and cancer patients. These factors 
were not present in healthy individuals or in patients with 
other weight-losing conditions. 

Various treatments studied reversed the weight loss 
seen in the cachexia induced by the MAC16 adenocarcinoma in 
vivo. The effects of these treatments could be linked in 
vitro to the inhibition of the catabolic factors produced by 
the tumour. These results suggest that these factors may be 
responsible for the cachexia the tumour confers on its host. 
These factors may be useful in the understanding and therapy 
of cancer cachexia. 

Keywords: Cancer cachexia, weight loss, lipolytic factor, 
catabolic factors, MAC16 adenocarcinoma
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1.0 General Introduction 

The word tumour was introduced by Galen around 164 A.D 

and comes from the greek word "tymbos" meaning a 

"sepulchural mound" and the latin word "tumere" meaning "to 

swell". The earliest references to what we now know as 

cancer are to be found before the time of Galen in the Ebers 

Papyrus which was written in Egypt in 1500 B.C (Braun 1977). 

Even now three and a half millenia later, many of the 

debilitating effects that tumours have on their hosts are 

poorly understood. All tumours are characterized by the 

fact that they grow at the expense of the host leading to 

extreme loss of weight and debilitation known as cachexia. 

Cachexia comes from the greek words kakos meaning "bad" and 

hexis meaning "condition" (Shamberger 1984). 

1.1 Weight loss associated with cancer 

The presence of cancer can produce significant 

nutritional deficiences in the tumour bearing host. Weight 

loss is an important diagnostic factor in patients with 

cancer and may influence the side effects of treatment, 

response of treatment and overall survival (Dewys et al 

1980). The incidence of weight loss varies with the tumour 

type, stage of disease and performance status. Pancreatic 

and gastric cancer have the highest frequency of weight loss 

(83-87%) due to their site. While 48-61% of patients with 

colon, prostatic and lung cancers experience weight loss 

only 31-40% of patients with leukaemias, breast cancer and 

sarcoma lose weight at sometime during their illness. 

Another factor to be taken into account is the speed of
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treatment. In patients with either operable or treatable 

tumours the patients are treated as quickly as possible 

before any weight loss can manifest itself. This is the 

case in breast cancer and sarcomas as the location of the 

tumour often leads to an early detection (Dewys 1986). 

In addition to the disease itself the treatment given 

may have an effect on the nutritional status of the patient. 

Surgery is the first line method of treatment for almost all 

cancers of the alimentary tract. The amount of weight loss 

experienced after surgery depends on the site of the tumour 

and the effect the surgery has on the patients ability to 

swallow and take in food. The stress element of surgery 

will also cause a transient weight loss after the operation. 

Chemotherapy and radiation have side effects that result in 

the patient experiencing weight loss. Both chemotherapy and 

radiation can cause nausea and vomiting, stomatitis and an 

anorexic feeling (Kokal 1986). Thus this weight loss is a 

further complication in the treatment of cachexia in the 

cancer patient. 

1.2 Cachexia/Anorexia syndrome 

The relationship between cancer and nutrition is a 

complex one. Nutritional factors may influence the 

incidence and development of tumours. Once estabilished the 

cancer may cause nutritional abnormalities in the patient. 

Cancer cachexia has been recognised since 1932 (Warren, 1932 

) as a syndrome characterised by anorexia, weight loss, 

satiety, anaemia and asthenia (Lindsey 1986) (fig 1). Two 

thirds of cancer patients experience cachexia and it has
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been listed as the cause of death in many of these patients 

(Harnet 1952). Cancer patients may experience vast amounts 

of weight loss with no reduction in food intake. Therefore 

anorexia and cachexia may coexist, but cachexia may be 

experienced in patients with no anorexia who are eating 

normally or even larger amounts than usual. 

1.3 Pathogenesis of Anorexia 

Anorexia is the syndrome of loss of appetite, a loss of 

the desire to eat leading to a reduced food intake. 

Normally food intake is controlled by chemoreceptors 

located within the ingestive apparatus and by the physical 

effects of accumulation of ingested material in the 

intestinal tract. These chemoreceptors and volume receptors 

are regulated by neurotransmitters in the central nervous 

system (Dewys 1979). 

The pathogenesis of anorexia is complex and cannot be 

attributed to any single factor. It has been proposed that 

sustained stimulation of receptors in the gastrointestinal 

tract results in satiety and decreased stimulation of 

appetite (Knox 1983). Theologides proposed that anorexia 

was due to the cancer itself. He hypothesised that the 

tumour secretes peptides, oligonucleotides and other small 

metabolites that produce anorexia via a peripheral effect on 

neuroendocrine cells and neuroreceptors and a direct effect 

on the hypothalamus. These tumour by-products may be 

mediated via the circulation. Increased lactate production 

has been postulated to be an anorexigenic factor (Baille et 

al 1970). Cachectin/TNF, a macrophage produced peptide, was
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originally isolated as the mediator of wasting in chronic 

diseases by Rouzer and Cerami in 1980 (Cerami et al 1985). 

However recent reports suggest cachectin plays a major role 

in the pathophysiology of anorexia rather than cachexia 

(Mahony and Tisdale 1988, Stovroff et al 1988). No 

correlation between wasting and cachectin levels have been 

reported. However, no experiments have been designed to 

assess cachectin levels in anorexia in chronic diseases. 

Changes in taste perception, food aversion and 

self-induced malnutrition are seen in some cancer patients 

leading to a decreased appetite. It has been suggested 

(Morrison 1976) that the immediate cause of weight loss seen 

in cancer cachexia is due to the failure of spontaneous food 

intake. In addition, the diagnosis of cancer alone may lead 

to a stress related anorexia. The location of the tumour 

can effect food intake, for instance head and neck cancers 

make it difficult to ingest, digest and absorb nutrients. 

Weight loss in many patients is out of proportion to 

the decreased intake of nutrients and may even occur in the 

absence of anorexia. 

1.4 Pathogenesis of Cachexia 

1.4.1 Cancer cachexia 

The characteristics of cachexia are: 

1. anorexia and nausea 

2. weight loss 

3. anaemia 

4. altered host metabolism



5. muscle weakness 

6. malabsorption and diarrhoea 

Cachexia is not directly correlated with food intake or 

type, size or site of the tumour. It may occur with a small 

primary tumour and precede the clinical diagnosis. Many 

theories have evolved on the pathogenesis of cancer 

cachexia: 

INCREASED ENERGY EXPENDITURE 

increased Cori cycle activity 

increased nutrient requirement by the tumour 

increased gluconeogenesis 

ANOREXIA 

decreased food intake 

ALTERATIONS IN METABOLISM 

tumour by-products 

synthesis of peptides/biochemical substances 

Gold in 1968 concluded that the energy expenditure due 

to excessive gluconeogenesis by the host to support. the 

tumour produced the cachectic state. The increase in Cori 

cycle activity (fig 2), results in the tumour gaining two 

molecules of ATP at the expense of six molecules of ATP to 

the host used to convert lactate back to glucose. As the 

tumour grows it consumes increasing amounts of glucose and 

the energy resources of the host become increasingly 

depleted by its attempts to maintain a normal blood glucose



me eg 

Figure 2 

  

      

  

      

TUMOUR/MUSCLE 

Glucose-6-P 

Pyruvate 

Lactate 

— 

LIVER 

Lactate 

Pyruvate 

Glucose-6-P 

Glucose Ps 

BRAIN 

THE COR! CYCLE



Ses 

level. This hypothesis does not explain how small tumours 

produce cachexia. In addition some tumours can produce 

cachexia in their hosts but do not have an increased Cori 

cycle activity (Ainsenberg 1961). 

Theologides in 1972 hypothesised that the tumour 

produces metabolites which activate enzymes in the tissues 

of the host to cause the cachectic state. He also proposed 

the production of anorectic peptides which are interpreted 

by the brain. However to date no substances with these 

properties have been identified. Following this hypothesis 

if the satiety signals were blocked then the cachexia should 

be reversed. However, destruction of the ventromedial 

hypothalamus, the location of the satiety centre, does not 

prevent cachexia in tumour bearing animals (Liebelt et al 

1971). 

Other reports have explained cachexia by a competition 

for nutrients between the tumour and the host with the 

tumours needs being preferential to the hosts needs (Stein 

1978). Again this does not explain why small tumours 

cause cachexia in cancer patients. Cachexia can appear in 

patients with tumours of less than 0.01% of their total body 

weight (Lindsey 1986). 

Evidence that both anorexia and cachexia are the result 

of circulating tumour by-products is found from parabiotic 

experiments illustrating that when animals are linked via 

the circulation cachexia can be conferred on to a non 

cachectic animal from a cachectic animal ( Norton et al 

1985). These peptides could be anorexigenic factors, lipid 

mobilizing factors or other factors that alter host
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metabolism. It has been hypothesised that the synthesis of 

peptides by the tumour results from impairment of repression 

of selected genes (Cox et al 1978). This explains why some 

cancer patients never experience cachexia, as the impairment 

of gene repression does not occur, or they do not possess 

the genes required to produce the tumour peptide. However, 

this has still to be proven and it is plausible that no 

single theory can explain all the observed cases of 

cachexia. 

1.4.2 Cachexia in trauma 

There is now a better understanding of cachexia 

associated with trauma. Weight loss and fatigue are one of 

the common features found in the trauma due to an injury or 

a major illness. Weight loss can be as great as 30% after 

multiple fractures, whereas after uncomplicated surgery only 

a 6% weight loss occurs (White, Middleton, Baxter 1984). In 

this cachexia there is an intial shock/stress phase which 

involves a release of adrenaline. The injury or insult 

itself then stimulates the hypothalamus and hindbrain to 

release a number of hormonal releasing factors. These then 

act on the pituitary to release many hormones such as ACTH, 

prolactin and growth hormone. Therefore the weight loss 

produced is associated with a massive increase of normal 

hormonal effects causing a general mobilization of 

metabolizable substrates such as the breakdown of 

triglycerides from adipose tissue. 

After this period of depressed metabolism there follows 

a hypermetabolic stage which can last for many weeks. This
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is characterised by an increased heat production and 

respiration. These effects are further accentuated in 

patients suffering multiple burns where there 2 oid 

considerable evaporative heat loss. In burns patients 

further weight loss is experienced due to vast amounts of 

water loss. The resting metabolic expenditure can be 

increased by 50-100% in patients with major burns. This 

high metabolic rate results in fat and protein breakdown to 

supply the extra glucose requirement. In a patient with 

major burns secondary infections may also be involved and 

their total nitrogen loss may be >300g. This loss of lean 

body mass can be the cause of death (White, Middleton, Baker 

1984). 

During these two phases the weight loss experienced is 

Mainly due to an increase in normal hormonal release and a 

hypermetabolic rate. Specific nutritional support is 

critical for recovery during these phases and for 

replacement of lean body mass. 

1.5 Metabolism in starvation and cancer cachexia 
  

The major difference seen clinically between starvation 

and cancer cachexia is in the basal metabolic rate. 

Starvation leads to a hypometabolic rate whereas many 

cachectic cancer patients have a hypermetabolic rate. Thus 

energy expenditure is high in the cachectic cancer patient. 

In the case of the cancer patient the important questions to 

be answered are a) is the patient starving primarily because 

of a lack of food intake or an inability to digest and 

absorb food, and b) does the cancer patient adapt to
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starvation as does the normal man? Before addressing the 

problem of cancer cachexia the effect of simple starvation 

on the metabolism of humans will be reviewed. 

1.5.1 Starvation 

Starvation or fasting is defined as the state- of 

deprivation of food (White, Middleton and Baker 1984). The 

body fuel reserves of the average 70kg man are as follows: 

FUEL TISSUE ENERGY kcal 

Fat (triglycerides) Adipose tissue 100000 

Carbohydrate 

(glycogen) Liver 200 

Muscle 400 

(glucose) Body fluids 40 

Protein Muscle 25000 

(<8000 available) 

Fat accounts for the majority of fuel reserves and is the 

main source of energy used in starvation. Protein is less 

available as the breakdown of more than one third of the 

bodies protein can lead to death. In a controlled medical 

study obese volunteers survived fasting for up to six months 

and more (White, Middleton and Baker, 1984). The first 

hormonal response to starvation is a fall in plasma insulin 

and a rise in plasma glucagon concentrations. These events 

are triggered by a decrease in the blood glucose level. The 

body then adapts to maintain its blood glucose level to 

satisfy the glucose requirements of the brain. Glucose is
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the major energy source used by the brain. It undergoes 

glycolysis (conversion of glucose to pyruvate and lactate) 

and enters the tricarboxylic acid cycle to be ultimately 

combusted to CO, and H,0 (fig 3). The complete oxidation of 

one mole of glucose by glycolysis and the tricarboxylic acid 

cycle to CO, and H,0 produces 36 moles of ATP. Transient 

excesses of glucose are converted and stored as glycogen 

ready to be broken down when required. The supply of 

glucose is maintained by 3 mechanisms: 1. the conversion of 

glycogen to glucose in the liver (glycogenolysis), 2. 

production of glucose from precursors (gluconeogenesis) (fig 

4), and 3. a decrease in glucose oxidation by the muscle and 

other peripheral tissues capable of using alternative fuels. 

In acute starvation there is a rapid proteolysis with 

mobilisation of amino acids from muscle, an increase in 

gluconeogenesis in the liver and the kidney and an increased 

excretion of urinary urea (Tisdale, 1982). To allow all the 

available glucose to be used by the brain other peripheral 

tissues adapt to use other fuels. Alternative fuels used in 

starvation are excess free fatty acids and ketone bodies 

(fig 5). The liver responds to the rise in glucagon/insulin 

ratio by increasing oxidation of fatty acids leading toa 

significant ketogenesis (fig 6). Ketone bodies produced by 

the liver readily diffuse into the blood and are carried to 

extrahepatic tissues where they are converted back to acetyl 

CoA and then follow the tricarboxylic acid cycle to CO, and 

H,0. These intial effects last for three to seven days 

after which the body adapts to conserve protein and so avoid 

a life threatening catabolism of proteins.
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Figure 3 
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In the latter phase of starvation the brain also adapts 

so it too can use ketone bodies as an energy fuel (Owen et 

al 1967). How the brain adapts is unknown but it may 

involve an increase in activity of ketone body metabolising 

enzymes and transport system for ketone bodies into the 

brain. During starvation renal tubular reabsorption of 

ketone bodies occurs to prevent loss in urine which 

increases their plasma concentration and thus circulates 

more to the brain. After a month of starvation ketone 

bodies will supply 50-60% of the brains energy requirements. 

This leads to a decrease in overall glucose requirements and 

a decrease in gluconeogenesis from alanine and lactate in 

the liver. High ketone body levels also stimulate secretion 

of the potent antilipolytic hormone insulin from the 

pancreas (Hawkins et al 1971). Ketone bodies have been 

shown to directly reduce lipolysis in adipose tissue 

(Bjorntorp 1966) (fig 7). 

By these adaptions a chronically starving man is now 

living off his major source of stored energy, fat, and will 

lose about 2% of total body muscle mass in twenty days.Once 

the body adapts a man can survive for longer periods of time 

in this fasting state (Brennan 1977).
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Figure 7 
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1.5.2 Cancer cachexia 

Fora better understanding of the weight loss 

experienced by cancer patients it is also necessary to 

understand both tumour and host metabolism. The tumour and 

host must be considered metabolically as two separate 

identities (Costa 1963). 

1.5.2.1 Tumour metabolism 

Tumours display a high aerobic glycolysis which may 

relate to the malignant state. Radiotherapy studies have 

shown that large solid tumours have a poor blood supply and 

contain many hypoxic tumour cells. Hence glucose is the 

only substrate the tumour can utilize in these conditions 

via the Embden-Meyerhoff pathway to supply the energy it 

needs for growth in the absence of oxygen (Tisdale, 1986). 

The increased glycolytic activity leads to large amounts of 

lactic acid produced by the tumour. In the Walker 256 rat 

carcinoma the pH decreases from 7.3 to 6.2 with increasing 

tumour mass up to 50g (Jain et al 1984). Ehrlich ascites 

tumour cells have shown a high activity of the enzyme 

lactate dehydrogenase (Lazo and Sols 1980). This may be the 

reason for their increased glycolytic activity. The 

nutritional requirements of the tumour reflects on host 

metabolism and may cause the changes in body composition 

seen in cachexia. 

1.5.2.2 Host metabolism 

Cachectic cancer patients experience changes in 

carbohydrate, lipid and protein metabolism.
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A. Carbohydrate metabolism 

The tumour has a vast requirement for glucose which 

leads to a strain on the hosts ability to maintain normal 

blood glucose levels. Thus gluconeogenesis from glycerol is 

increased in cancer patients (Lundholm et al 1982). The 

drug clofibrate, which lowers plasma levels of 

triglycerides, has been shown to reduce the growth of Walker 

256 carcinosarcoma in rats (Gold 1978). Thus lowering the 

levels of glycerol available for gluconeogenesis reduces the 

glucose available to feed the tumour. An increased Cori 

cycle activity (conversion of lactate to glucose in the 

liver) has been found in patients with metastatic carcinoma 

and progressive weight loss (Holroyde et al 1975.5 

Gluconeogenesis from alanine is also increased in cancer 

patients (Waterhouse et al 1979). Thus there is an overall 

increase in gluconeogenesis to supply the glucose required 

to maintain normal blood glucose levels in the host. 

Glucose intolerance is seen in cancer cachexia due to an 

abnormal insulin production and insulin resistance (Kisner 

1978). The use of insulin in the nutritional management of 

cachectic cancer patients has been suggested (Schein et al 

1979) and is discussed further in section 4.7. 

B. Lipid metabolism 

A progressive decrease in carcass lipids is an 

important feature of cachexia in both animals and humans. 

This is due to mobilization of free fatty acids from the 

hosts adipose tissue, and occurs even when the tumour mass 

is small. Frederick and Begg in 1956 demonstrated that the
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weight loss seen in tumour bearing animals was a result of a 

decrease in body fat directly associated with an increase in 

plasma free fatty acids. Recently lipolytic substances 

produced by the tumour have been identified, which appear to 

act directly on adipose tissue. One example is 

Toxohormone-L which has been isolated from the ascites fluid 

of mice with sarcoma 180 and patients with hepatoma, Grawitz 

tumour, ovarian tumours and fromthe pleural fluid of 

patients with malignant lymphoma (Masuno et al 1981). 

Another is cachectin which has been isolated from endotoxin 

stimulated macrophages (Beutler et al 1985). This peptide 

inhibits lipoprotein lipase and it has been suggested that 

cachexia is mediated via this action. The effect of 

cachectin in cachexia is further reviewed in section 4.2. 

As stated previously ketosis is a common phenomena in 

starvation; however ketosis in cancer cachexia is very rare. 

Ketonuria is uncommon in cancer patients (Conyers et al 

1979) and in tumour bearing rats (Mider 1951) although 

extensive weight loss still occurs due to mobilisation of 

FFA from adipose tissue (fig 8). If these patients are 

given an exogenous supply of FFA ketonaemia is observed. 

Thus there is no deficiency or impairment of the livers 

ability to synthesize ketone bodies (Magee et al 1979, 

Conyers et al 1979). This absence of ketosis can explain 

the loss of muscle protein, breakdown of adipose tissue and 

decreased insulin secretory capacity seen in cachectic 

cancer patients. Many tumours have shown to be deficient in 

enzymes that utilise ketone bodies as an energy fuel, for 

example a range of animal and human tumours of peripheral
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Figure 8 
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tissues have been shown to have low or no activity of 

3-oxoacidCoAtransferase (Tisdale and Brennan 1983). Thus it 

may be possible to selectively starve the tumour with a 

ketogenic regimen whilst at the same time promoting 

maintenance of host proteins. 

C. Protein metabolism 

Another characteristic of cancer cachexia is a loss of 

skeletal muscle mass. This can be one of the most 

devastating effects produced in cachexia. In tumour bearing 

rats, skeletal muscle protein synthesis is reduced and 

protein synthesis is depressed by 70% in muscle and by 40% 

in the liver in cachectic tumour bearing mice (Emery et al 

1984). At the moment it is not known to what extent a 

decreased rate of synthesis or an increased rate of 

catabolism contribute to the depletion of muscle protein. 

Tumour cells have the ability to concentrate amino acids 

from the plasma pool in preference to normal cells. The 

tumour acts as an nitrogen trap competing with the host for 

nitrogen compounds. Thus a negative nitrogen balance has 

been shown in a variety of animal and human tumours 

(Theologides 1972). An amino acid imbalance can arise in 

the host due to the tumour preferentially taking one or more 

of the essential amino acids it requires from the hosts 

pool. Decreased plasma levels of serine, glycine, aspartate 

and hydroxyproline were found in rats bearing the Walker 256 

carcinosarcoma (Krause et al 1979). In theory the addition 

of the depleted amino acids should correct the imbalance 

caused by the tumour and limit the cachexia. Some tumours
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cannot synthesize some non essential amino acids, for 

example some leukaemic cells cannot synthesize L-asparagine. 

Administration of the enzyme L-asparginase will deplete the 

host of asparagine and so decrease the effect the tumour has 

on the host. Therefore, if the tumour is dependent ona 

certain amino acid again it is possible to selectively 

starve the tumour. 

Hence cancer cachexia may arise from the biochemical 

requirements imposed on the host by the tumour or 

circulatory catabolic factors produced by the tumour or 

associated macrophages. A better understanding of the 

host-tumour interaction will help in the development of 

treatments for cancer cachexia. 

1.6 Nutritional therapy of cachexia 
  

Nutritional support of the cancer patient is used for 

three purposes 1) to reverse the cachectic state, 2) to 

prevent weight loss and 3) to improve the host tolerance to 

chemotherapy, radiotherapy or surgery (Calman and Fearon, 

2986)". Response to nutritional supplementation in the 

cachectic cancer patient appears less than the response 

achieved in the malnourished patient (Nixon et al 1981a). 

Thus increasing food intake does not completely abolish the 

cachectic syndrome. When weight gain is acheived it is 

usually due to fat deposition rather than a repletion of 

vital lean body mass (Cohn et al 1982). Nutritional support 

can be given enterally or parenterally and can range from 

simple dietary advice to hospitalization and total 

parenteral nutrition. The benefits of this type of
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treatment have to be considered against any detrimental 

effects to the patient. Clinical indices that prompt 

nutritional support are (i) a weight loss in excess of 10% 

of preillness weight, (ii) a decrease in serum albumin to 

less than 3.5g%, (iii) a decrease in the creatinine-height 

ratio to less than 80% of the normal value and (iv) a 

demonstrated immune competence (Harvey et al, 1979 and 

Hickman et al, 1980). The type and amount of nutritional 

support will be determined by the degree of weight loss, 

progression of disease, ultimate prognosis and the type of 

treatment the patient is receiving. 

£.650 Diet: 

The easiest way to provide nutritional support is by 

the patient eating voluntarily. Unfortunately anorexia is a 

common phenomemna seen in cancer patients (Dewys 1979). In 

many cancer patients taste abnormalities have been reported 

and this may be due to an elevated threshold for sweetness 

(Dewys 1977). Thus these patients may benefit from 

increased seasoning or flavouring of their food. If 

vomiting asia problem standard antiemetics may be 

prescribed. Another method to increase oral intake is 

education of the patient to establish a target weight , to 

Measure and provide regular feedback. Regaining lost weight 

is often not possible and so the maintenance of the patients 

current weight is the chosen target. Milk-based oral food 

supplements are available that are high in calorific value. 

These supplements have a high protein content and will help 

the patient regain weight. Many commercial products are now
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in retail stores, for example Complan. In patients where an 

increase in oral intake is possible, a dietician assesses 

their nutritional status and instructs them on how to eat a 

balanced diet. 

1.6.2 Enteral hyperalimentation 

If the cancer patient is unable to consume enough food 

on a voluntary basis nasogastric feeding may be used to 

supply nutritional support. The nasogastric tube by passes 

the mouth, oesophagus and stomach and supplies nutrients 

straight into the gastrointestinal tract. Diets used in 

these tubes are usually one of four types (Calman and 

Fearon, 1986) 

1. Blenderized diets: these are prepared by liquidizing 

ordinary foods and contain whole protein , carbohydrates and 

a mixture of fats. 

2. Milk-based diets: these diets are high in protein and 

other nutrients found in milk. 

3. Lactose-free/whole protein diets: these are commercially 

produced diets containing egg albumin, soy or caesin as the 

protein source. 

4, Elemental diets: these diets are formulated 

synthetically out of chemical nutrients for example Vivonex. 

These diets do not need proteolytic or lipolytic enzymes for 

digestion and so are useful in patients who have impaired 

gastrointestinal function. 

The side effects of nasogastric feeding are generally 

mild. Some breathing difficulties may be encountered when 

the patient is wearing the nasogastric tube. Other more
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common side effects are diarrhoea and metabolic 

irregularities due to dehydration and electrolyte imbalance. 

However, in many patients nasogastric feeding is well 

tolerated. 

1.6.3 Parenteral hyperalimentation 
  

When the gastrointestinal tract cannot be used to 

provide adequate dietary intake, nutrients may be 

administered intravenously. Peripheral veins are not used 

for this purpose due to a high incidence of 

thrombophlebitis. Total parenteral nutrition (TPN) is 

administered via the central venous system. A major 

disadvantage of this technique is that the financial cost is 

high. Thus TPN is not used without careful consideration of 

the advantages and disadvantages to that particular patient. 

of 119 small-cell lung cancer patients, 66 had a 

prediagnosis weight loss greater than or equal to 2% of 

their original body weight and were considered to be 

malnourished. Of these 32 received TPN for four weeks 

whilst the others continued with normal oral intake (Hardy 

et al 1986). This treatment, however, didnot improve 

survival or response to chemotherapy. With further 

knowledge of metabolic alterations in cancer cachexia 

concern has been raised that hyperalimentation may 

accelerate tumour growth by selectively feeding the tumour. 

Hyperalimentation has been shown to stimulate the growth of 

several experimental tumours (Balducci and Hardy 1985). 

Patients with metastatic colorectal cancer were randomised 

to receive hyperalimentation or to eat a regular diet. In
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the patients with liver metastases hyperalimentation 

decreased survival. However no increase in tumour growth 

was noted (Nixon et al 1981b). Holroyde and Reichard (1981) 

found increased serum levels of lactic acid during 

nutritional support. The tumour is the main producer of 

circulatory lactic acid in the cancer patient and therefore 

this suggests a stimulation of tumour growth. Hence it is 

important that nutritional support be less aggressive since 

the increased nutrition may accelerate tumour metabolism to 

the detriment of the patient (Dewys 1985). All these 

factors must be considered before any nutritional support is 

administered to the cachectic cancer patient. 

1.6.4 Future therapy 

A better understanding of the cachectic mechanisms 

occuring in the cancer patient may improve the future 

therapy of this syndrome. Contrary to hyperalimentation 

a new approach is to starve the tumour whilst preferentially 

feeding the host. The observation that tumours do not 

metabolise lipids (Weber 1982) to any extent has lead to the 

idea that a diet high in lipids may starve the tumour whilst 

being able to feed the host. Ketone bodies maintain 

homeostasis in starvation and so may be able to reverse some 

of the cachectic effects seen in cancer patients. Most 

solid tumours are unable to utilise ketone bodies as an 

energy source due to enzyme deficiencies (Tisdale and 

Brennan 1983). This again provides away of starving the 

tumour whilst feeding the host (Tisdale 1986). 

Recent discoveries of circulatory catabolic factors
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produced by the tumour may lead to a new approach to the 

treatment of cancer cachexia. In the future these factors 

could be isolated, inhibitors synthesized, and these 

inhibitors administered to the cancer patient as a treatment 

for cachexia. 

1.7 Aims of this investigation 

Cachexia, a serious and potentially lethal consequence 

of cancer, has been reviewed in section 1.0. Cancer 

cachexia has previously been investigated using various 

experimental tumour models. These animal models were not 

analogous to the human situation as cachexia in many of the 

models used did not appear until the tumour burden was 

large. The initial aim of the work described in section 4 

was to establish whether the MAC16 adenocarcinoma when 

transplanted in NMRI mice, is a suitable model of the 

cachexia witnessed in cancer patients. This was 

investigated by measuring the weight loss and body 

composition in tumour bearing mice and determining their 

food and water intake. The metabolic effect of the tumour 

on the host was investigated by monitoring the levels of 

various plasma metabolites and of nitrogen excretion. 

Once the MAC16 adenocarcinoma was established as a good 

model of cachexia, the mechanism by which cachexia is caused 

in this model was investigated. Evidence has been reported 

indicating that some mammalian tumours produce catabolic 

factors which may be responsible for the cachectic condition 

of the host (Kitada et al 1980, Masuno et al 1981). The 

primary aim of this study was to detect the presence of any
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catabolic factors produced by the MAC16 tumour. Two in 

vitro assays were used to measure the lipolytic and 

proteolytic activity in the MAC16 tumour and that released 

into the circulation of the host. 

Catabolic factors detected were characterised by both 

the effect of numerous catabolic enzymes and inhibitors on 

their activity and by gel filtration. Using these methods 

the possible presence of similar catabolic factors was 

investigated in non cachexia-inducing tumours and in the 

circulatory body fluids of both patients with cancer or with 

other weight losing diseases, to determine whether these 

factors were present only in cachectic tumours. 

The mechanism of action of catabolic factors released 

by the MAC16 adenocarcinoma was further studied using three 

separate approaches. (i) The role of endogenous second 

messengers in the action of these factors. (ii) The effect 

of various drugs and dietary treatments were considered in 

their abilities to reduce or even abolish the cachexia 

induced by the MAC16 adenocarcinoma. (iii) Relationship 

between inhibition of tumour cachectic factors and tumour 

growth. 

The overall aim of this investigation was to increase 

the knowledge of the etiology of cachexia in cancer, to 

provide a better understanding of the effects the tumour has 

on its host and to investigate possible treatments for use 

in eleviating cancer cachexia as well as new approaches in 

the treatment of solid tumours.
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2.1 ANIMALS 

Pure strain male/female NMRI, Balb/C, BKW and MF1 mice 

(age 12 - 15 weeks) were purchased from Bantin and Kingman, 

Hull, SUK. Rat and mouse breeding diet was purchased from 

Pilsburys Ltd, Birmingham, UK. 

2.2 CHEMICALS 

The following compounds were obtained from: 

ALPHA LABORATORIES LTD, Hampshire, UK. 

Wako NEFA C kit 

AMERSHAM INTERNATIONAL, Amersham, Bucks, UK. 

cAMP kit 

ASDA SUPERSTORE, Birmingham, UK. 

Corn oil (100% pure) 

BDH LIMITED, Poole, England. 

Ethylenediaminetetraacetic acid, disodium salt 

Potassium hydroxide 

Sodium hydroxide 

Trichloroacetic acid 

BIO-RAD LABORATORIES, Richmond, CA. 

Biogel P2 

Biogel P4



Bradford reagent 

BOC LTD, London, UK. 

Nitrous oxide 

Oxygen 

EVANS MEDICAL LTD, Greenford, Middlesex, UK. 
  

Isophane insulin 

FISONS SCIENTIFIC APPARATUS, Loughborough, UK. 
  

Magnesium sulphate 

2-methoxyethanol 

FSA LABORATORY SUPPLIES, Loughborough, UK. 

Acetone 

Acetonitrile 

Chloroform 

Diethylether 

Ethanol 

Hydrochloric acid 

Perchloric acid 

Propanol 

Sodium chloride 

GIBCO LTD, Paisley, Scotland. 

RPMI 1640 medium
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ICI CHEMICAL INDUSTRIES PLC, Pharmaceuticals 

Macclesfield, Cheshire, UK. 

Halothane 

IMPERIAL LABORATORIES LTD, Andover, Hants, UK. 
  

Foetal calf serum 

PILSBURYS LTD, Birmingham, UK. 

Dicalcium carbonate 

Rat and mouse breeding diet 

Rodent 006 premix 

Sodium caesinate 

Soya 

SIGMA CHEMICAL CO, Dorset, UK. 

Acetoacetic acid, lithium salt 

Acid phosphatase 

Adenosine-5-triphosphate, trisodium salt 

Adrenocorticotrophic hormone 

Alanine 

Alkaline phosphatase 

Antitrypsin 

Bentonite 

Calcium carbonate 

Collagenase 

Creatinine kit 

Docosahexaenoic acid 

Eicosapentaenoic acid 

Glycerokinase 

division,
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3-Hydroxybutyrate dehydrogenase 

Indomethacin 

Isobutylmethylxanthine 

Lactate dehydrogenaseNicotinamide adenine dinucleotide 

L-Methionine 

Nicotinamide adenine dinucleotide reduced form 

Ninhydrin reagent 

O-Toluidine kit 

Palmitic acid 

Phenylmethylsulphonylflouride 

Phosphoenolpyruvate 

Prostaglandin E, 

Prostaglandin E, 

Prostaglandin F, 

Prostaglandin F, 

Salbutamol 

Sephadex G50, G150, G25 

Sodium butyrate 

Sodium 3-hydroxybutyrate 

Sodium periodate 

Sulphatase 

Triethanolamine 

Triflouroaceticacid 

Triglyceride kit 

Urea/ ammonia nitrogen kit 

SCIENTIFIC HOSPITAL SUPPLIES LTD, Liverpool, UK. 
  

Liquigen Medium chain triglyceride solution
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WEDDEL PHARMACEUTICALS LTD, Wrexham, UK. 
  

Multiparin (Heparin) 

WHATMAN BIOSYSTEMS LTD, Maidstone, Kent, UK. 
  

DE52 

2.3 GIFTS 

The following compounds were kindly donated by: 

M.C.M. KLOSTERFRAU, Koln, Germany. 
  

Fish oil 

DR J. DOUBLE, University of Bradford. 

Flavone acetic acid 

SOLVAY ET CIE, Brussels, Belgium. 
  

3-hydroxybutyrate, arginine salt 

BRISTOL MYERS, Evansville, USA. 

Megace 

BOEHRINGER INGLEHEIM, Bracknell, Berks, UK. 
  

Tumour necrosis factor
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2.4 BUFFERS 

16 mM Tris- 0.32 mM hydrazine hydrate buffer, (pH 8.5) 

Hydrazine hydrate 2 ml 

0.1M Tris- HCl buffer (pH 8.5) 40 ml 

The pH was adjusted to pH 8.5 with concentrated hydrochloric 

acid and the final volume was made up to 50 ml with 0.1 M 

Tris-HCl buffer (pH8.5). 

0.1 M Tris- HCl buffer (pH 8.5) 

Trizma base 6.05 g 

Distilled water 400 ml 

The pH was adjusted to pH 8.5 with concentrated hydrochloric 

acid andthe final volume was made up to 500 ml with 

distilled water. 

0.1 M Phosphate buffer (pH 6.8) 

Solution A: Potassium dihydrogen orthophosphate (13.609 g) 

was added to 1000 ml of distilled water. 

Solution B: Dipotassium hydrogen orthophosphate, trihydrate 

(22.82 g)was added to 1000 ml of distilled water. 

Solution B was added to 200 ml of solution A until a pH of 

6.8 was reached. 

0.01 M Phosphate buffer (pH 8.0) 

Solution A: Potassium dihydrogen orthophosphate (1.36 g)was 

added to 1000 ml of distilled water. 

Solution B: Dipotassium hydrogen orthophosphate, trihydrate 

(2.28 g) was added to 1000 ml of distilled water.
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Solution B was added to 200 ml of solution A until a pH of 

8.0 was reached. 

0.4 M Hydrazine- 0.5 M glycine buffer (pH 9.0) 
  

Hydrazine hydrate 25 ml 

Glycine 11.49 

Distiiled water 200 ml 

The pH was adjusted to pH 9.0 with concentrated hydrochloric 

acid and the final volume was made up to 300 ml with 

distilled water. 

Krebs-Ringer bicarbonate buffer (pH 7.6) 
  

0.9% Sodium chloride 100 ml 

1.15% Potassium chloride 4.0 ml 

1.22% Calcium chloride 3.0 ml 

2.11% Potassium dihydrogen 

phosphate 1.0 ml 

3.82% Magnesium sulphate, 

hydrated 1.0 ml 

1.3% Sodium bicarbonate 20)0) ml 

On the day of the experiment bovine serum albumim 30 g/l and 

0.55 mM D-glucose were added to the above. 

0.1 M Sodium acetate buffer (pH 4.5) 
  

Sodium acetate 1.3608 g 

Distilled water 50 ml 

The pH was adjusted to pH 4.5 with glacial acetic acid and 

the final volume was made up to 100 ml with distilled water.
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0.05 M Tris- HCl buffer (pH 7.5) 

Trizma base 35025 10 

Distiiled water 400 ml 

The pH was adjusted to pH 7.5 with concentrated hydrochloric 

acid and the final volume was made up to 500 ml with 

distilled water. 

0.2 M Citrate buffer (pH §..0)) 

Citric acid 21.008 g 

NaOH (1N) 200 ml 

The pH was adjusted to pH 5.0 and made up to 500 ml with 

distilled water. 

Ninhydrin reagent 

0.8 g of ninhydrin powder was dissolved in 500 ml of 

citrate buffer pH 5.0. This was then added to 500 ml of 

2-methoxyethanol in which 20 g of ninhydrin powder had been 

dissolved. This solution was protected from light.
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3.1 In vivo characterisation of MAC16 colon adenocarcinoma 

in_ mice 

3.1.1 Transplantation of tumours 

The MAC13, 15A and 16 colon adenocarcinomas were 

originally induced with 1,2-dimethylhydrazine by Dr J. 

Double, Bradford University (Bibby et al, 1987a). Of these 

tumours only the MAC16 colon adenocarcinoma showed symptoms 

of cachexia inthe host. The MAC16 adenocarcinoma was 

excised from donor animals, placed in sterile isotonic 

saline and cut into small fragments 1 x 2 mm in size. Using 

a trocar, fragments _were implanted subcutaneously into the 

flank of the right hind limb of NMRI mice (Mr. M. Wynter, 

Aston University). The doubling time of this tumour was 10 

days determined by Mr Mike Wynter, Aston University. Mice 

were weighed and food and water consumption were measured 

daily. Before any of the animals had lost more than 30% of 

their original body weight, they were sacrificed. Carcass 

and tumour weights were recorded and blood samples collected 

(see section 3.1.2). The carcasses were stored at -20°C 

prior to analysis of body composition. 

3.1.2 Collection of blood samples 
  

Between 9.30 and 10.30 am blood was removed from mice 

by cardiac puncture under anaesthesia using a mixture of 

halothane, oxygen and nitrous oxide. Approximately 1.0 ml 

of blood was collected from each mouse using a heparinised
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syringe. Blood samples were transferred to microfuge tubes 

on ice and assayed to determine the levels of glucose, free 

fatty acids, 3-hydroxybutyrate (3-HB), acetoacetate and 

triglycerides in the plasma (see sections 3 lyse ot 0). 

3.1.3 Determination of blood glucose levels 

Glucose levels were determined on whole blood with the 

use of the Sigma o-toluidine kit (no 635). This kit 

utilises the methods of Hyvarinen and Nikkila (1962), and 

Feteris (1965). 1rd the presence of heat and acid, 

O-toluidine reacts readily with glucose to form a blue-green 

complex (figure 9). The intensity of the colour, which was 

proportional to the glucose concentration, was measured at 

635 nm using a Beckman DU70 spectrophotometer. 

Figure 9 

H eOH heat 

H 
IH en + O-toluidine ———_> Blue Green Complex 

40 
acid
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3.1.4 Determination of plasma free fatty acid levels 
  

Plasma was obtained by centrifuging whole blood for 1.0 

min in a Beckman microfuge. Free fatty acid levels were 

measured in 20pl of plasma using a Wako NEFA C kit (Alpha 

laboratories). The kit utilises an in vitro enzymatic 

colourimetric method following the scheme illustrated in 
CHs 

figure 10 (Duncombe, 1964 7 C2Hs 
2H, O2 +H; cg ee + N 

NegH, OH 
H; C-N=C=0 

Figure 10 

RCOOH + ATP CoA Acs Acyl-CoA + AMP + PPi 
(NEFA) ie CpHs 

ACOD 
nC Acyl-CoA + 02 eee 2,3-trans-Enoyl-CoA + Hz O, He a iss C,H,OH 

H; on g=0 

+4H,0 

final reaction product (purple) 

pis Leto: Determination of plasma 3-hydroxybutyrate and 

acetoacetate levels 

3.1.5.1 Preparation of blood samples 

Whole blood (100y1) was transferred to a microfuge tube 

on ice and deproteinised by adding 100pl of ice cold 10% w/v 

perchloric acid. This was mixed thoroughly and centrifuged 

ina Beckman microfuge for 1.0 min. The supernatant was 

used as follows for analysis of 3-hydroxybutyrate and 

acetoacetate. 
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3.1.5.2 Analysis of 3-hydroxybutyrate levels 

The levels of 3-hydroxybutyrate in the plasma were 

determined using the method of Williamson and Mellanby 

(1974). This utilises the oxidation of 3-hydroxybutyrate by 

3-hydroxybutyrate dehydrogenase with the concominant 

reduction of NAD. 

CHsCHOHCH COOH + NAD -—~— oe > CH3;COCH,COOH + NADH + Ht 

The formation of NADH was measured spectrophotometrically at 

340 nm. Assay cuvettes contained 16 mM Tris-0.32 mM 

hydrazine hydrate buffer (pH 8.4), 0.45 mM NAD and 50 pl of 

sample in a total volume of 3.1 ml. The reaction was 

initiated by the addition of 10 wl of 3-hydroxybutyrate 

dehydrogenase (150 mU/ml) and the increase in absorbance was 

measured for 40 - 60 min at a temperature of 25°C. 

3.1.5.3 Analysis of acetoacetate levels 
  

The levels of acetoacetate in the plasma were 

determined using the reverse of the reaction shown in 

section 3.1.5.2 (Mellanby and Williamson, 1974). Assay 

cuvettes contained 33 mM phosphate buffer (pH 6.8), 0.2 mM 

NADH and 50 pl of sample in a total volume of 3.1ml. The 

reaction was initiated by the addition of 10pl of 

3-hydroxybutyrate dehydrogenase (50 mU/ml). The decrease in 

absorbance was measured at 340 mm | for 20 “min at «a 

temperature of 25°C.
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3.1.6 Determination of plasma triglyceride levels 
  

The level of triglycerides in the plasma were 

determined using a Sigma diagnostic kit. The kit utilises 

the methods of Kessler and Lederer (1966), and Fletcher 

(1968) and is a colourimetric determination following the 

scheme shown below: 

triglycerides + KOH ------ > glycerol + fatty acids 

glycerol + periodate ------ > HCHO 

HCHO + NH,+ + acetylacetone ------ > 
diacetyldihydrolutidine 

Samples of plasma (50 - 100 pl) were extracted with 

isopropanol and triglyceride purifier. Aliquots (0.5 m1) 

were added to 0.125 ml of potassium hydroxide (1N) and 

incubated at 60°C for 5 min. To these solutions were added 

0.125 ml of periodate solution (125mg Sodium periodate in 

50ml of 2N acetic acid) followed after 10 min by 0.75 ml 

of colour reagent consisting of 20 ml of ammonium acetate 

solution and 40 ml of isopropanol. The samples were covered 

and placed in a water bath at 60°C for 30 min. The yellow 

product, diacetyldihydrolutidine, exhibited a maximum 

absorbance at 410 nm. The absorbance of the samples at this 

wavelength was proportional to the concentration of 

triglyceride. 

3.1.7 Body composition analysis 

The gastrocnemius and thigh muscle were carefully 

dissected out from the left leg of the carcass and weighed.
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Carcass and muscles were placed in an oven at 80°C until a 

constant weight was reached. Dry weights of the carcass and 

muscles separately were recorded. The water content for the 

muscle and total carcass was then calculated from the wet 

and dry weights. Total fat content of the carcass was 

determined using the method of Lundholm et al (1980). Each 

carcass was broken up into small pieces and then extracted 

in turn with 25. mL of acetone:ethanol (lel v/v); 

chloroform:methanol Kiet, viv) and diethylether. The 

extracts were combined in a preweighed round-bottomed flask. 

The solvents were then removed under vacuum using a Buchi 

rotary evaporator to leave a fatty residue. The flask was 

reweighed and the total fat content per carcass calculated. 

3.1.8 Urine analysis 

3.1.8.1 Metabolic cage experiments 
  

Urine was collected from mice for 24 h in a metabolic 

cage (Jencons). Water and food was available ad libitum and 

the amount of food eaten was measured so nitrogen intake 

could be calculated. The apparatus was set up with a 

mechanical pump to circulate air throughout the cages. At 

the end of the 24 h period the urine was stored at -20°C 

prior to determining the levels of urea, ammonia and 

creatinine (see sections 3.1.8.2 and 3.1.8.3). An aliquot 

of.urine (100p1) was also used to determine the presence of 

lipolytic factors as described in section 3.4. In the 

weight loss and nitrogen output studies the same mice were
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put back into the metabowls at varying intervals (usually 

consecutive days). This allowed nitrogen excretion to be 

determined at varying amounts of weight loss. Weight loss 

was compared to nitrogen excretion in the same animals. 

Control animals with no tumours were also put into the 

metabowls on the same days but showed no difference in 

nitrogen excretion with time. 

3.1.8.2 Urea/ammonia determination 
  

Urea/ammonia nitrogen were determined/ using a Sigma 

diagnostic kit which utilised the methods of Fawcett and 

Scott (1960) and Chaney and Marback (1962). This procedure 

was dependent upon the action of urease to produce ammonia: 

Figure 11 

HN Urease Reo + H,O meee 2NHG+ co, 

Urea
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The ammonia was reacted with alkaline hypochlorite and 

phenol in the presence of a catalyst, sodium nitroprusside, 

to form indophenol: 

NH, + OCI" + 2 ( \-on 

Phenol 

Sodium 

nitroprusside 

Orie 
Indophenol (blue) 

The concentration of ammonia was directly proportional to 

the absorbance of indophenol which was measured 

spectrophotometrically at 570 nm. 

3.1.8.3 Creatinine determination 

Creatinine was determined using a Sigma diagnostic kit. 

This method of creatinine measurement was an improved method 

based onthe Jaffe reaction, where yellow/orange colour 

forms when the metabolite is treated with alkaline picrate 

The method was improved by Slot (1965) who noted that under 

acid condition the creatinine picrate colour faded, and by



ism 

Heingard and Tiderstrom (1973) who further simplified the 

procedure by eliminating the need for protein precipitation. 

The colour was destroyed by acid pH. The difference in 

colour intensity, which was measured spectrophotometrically 

at 500 nm before and after acidification, was proportional 

to creatinine concentration. 

3.2 Other experimental tumours studied 
  

3.2.1 MAC13 colon adenocarcinoma 

Fragments of the MAC13 adenocarcinoma, supplied by Dr J 

Double, Bradford University, were implanted in the flank of 

male NMRI mice. This tumour was found to have a doubling 

time of 7 days as determined by Mr Mike Wynter, Aston 

University. There was no weight loss experienced during the 

growth of the tumour. 

3.2.2 MACI5A cell line 

MAC15A cells were grown in tissue culture in RPMI 1640 

medium under an atmosphere of 5% CO,: 95% air. These tumour 

cells were derived from an ascites tumour grown in NMRI mice 

by Dr M. Bibby, Bradford University. The tumour “did not 

induce weight loss in the animals. MACI5A cells were 

transplanted into mice from tissue culture to produce a 

tumour identical to the original.
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3.2.3 Raji and GM892A cell lines 

Raji and GM892A cell lines were obtained from Burkitts 

lymphoma and human lymphoblastoma respectively and were 

maintained by Dr M. Tisdale, University of Aston in RPMI 

1640 medium containing 10% foetal calf serum. All cells 

were maintained under an atmosphere of 5% COz;: 95% air and 

were passaged twice weekly. 

Cells were seeded at an initial density of 5x10+ 

cells/ml and cell counts were determined by Dr M. Tisdale 

using a coulter electronic particle counter. 

3.3 MAC16 cell line 

The MAC16 tissue culture line was one of many cell 

lines derived by Drs J.A. Double and M. Bibby at the 

University of Bradford from the in vivo MAC16 tumour. It 

was the only cell line capable of producing cachexia when 

re-injected into NMRI mice. Cells were grown by Dr M. 

Tisdale, University of Aston, in RPMI 1640 culture medium 

with an atmosphere of 5% CO,: 95% air. Doubling time of the 

cells was approximately 38 h. 

3.4 In vitro determination of the presence of lipolytic 

factors in the MAC16 colon adenocarcinoma 
  

The following two methods were employed to determine 

the presence of lipolytic factors:
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3.4.1 Measurement of free fatty acid production 
  

Male Balb/c mice were killed by cervical dislocation 

and their epididymal adipose tissue was quickly removed and 

minced in Krebs-Ringer bicarbonate buffer (pH 7.6) = 

Approximately 50-100mg of the adipose tissue was incubated 

with homogenised tumour supernatant in a total volume of 

0.25 ml of the Krebs-Ringer bicarbonate buffer. Controls 

containing adipose tissue and buffer alone were included in 

each experiment and the spontaneous release of free fatty 

acids was subtracted from the values obtained with tumour 

present. Incubations were continued for up to 2 h at 37°C 

and the FFA concentrations in the cell-free supernatants 

were determined using a Wako NEFA C kit (section 3.1.4). 

3.4.2 Measurement of glycerol production 
  

3.4.2.1 Preparation of isolated adipocytes 
  

MF1, BKW or Balb/c mice were killed by cervical 

dislocation and their epididymal adipose tissue removed and 

placed in isotonic saline. The adipose tissue was then 

minced and incubated at 37°C for 2 h in Krebs-Ringer 

bicarbonate buffer containing collagenase (1.5 - 2.0 mg/ml). 

The cells were gassed prior to incubation with 95% 0,2: 5% 

CO,. Digestion of the tissues was detected by the 

disappearance of intact pieces and an increased turbidity of 

the medium. Undigested and non-adipose matter was removed 

by allowing the fat cells to float to the surface of the
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buffer and the infranatant was aspirated, being replaced 

with fresh buffer. This washing procedure was repeated five 

times to remove all collagenase, non adipose cells and any 

endogenous hormones. 

After washing the cells were suspended in an 

appropriate amount of buffer, stirred to uniformity using a 

Magnetic stirrer, and aliquots taken for cell counting. The 

cells were counted using a Neubauer haemocytometer and the 

volume of buffer adjusted to give a cell density of 1-2x105 

adipocytes/ml. 

3.4.2.2 Lipolysis assay 

Cell samples CLEO> tL) were incubated with the 

appopriate test substance and gassed again with 95% 02: 5% 

cO,. The incubation was for 2 h at 37°C in a shaking water 

bath. Control samples containing adipocytes alone were also 

analysed to measure any spontaneous glycerol release. When 

assaying serum samples a control (no adipocytes) was also 

included to measure the initial amount of glycerol present 

in the serum. At the end of the incubation period 0.5 ml of 

the incubation buffer was added to 0.5 ml of perchloric acid 

(10% w/v) and the mixture was shaken to ensure 

deproteinisation. The precipitated protein was sedimented 

by centrifugation at 2,000 rpm for 10min ina Heraeus 

labofuge 6000 centrifuge. The supernatant was aspirated 

using a Pasteur pipette. The supernatant was then 

neutralised with KOH (20% w/v) after which the volume was 

recorded and used to calculate the dilution factor. The
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potassium perchlorate precipitate was sedimented by 

centrifugation (2,000 rpm for 10min) and the supernatant 

was aspirated. Assays were then either performed 

immediately or after storage at -20°C for between 18-72 h. 

The concentration of glycerol was determined enzymatically 

-by the method Wieland (1974). 

3.4.2.3 Glycerol determination 

The level of glycerol in the samples was determined as 

indicated in the scheme below: 

Figure 12 

Glycerokinase 

Glycerol ————————"_ a-Glycerophosphate 
ATP Se ee eRe SP 

Mel ee Pyruvate kinase 

Pyruvate 

NADH 

Lactate dehydrogenase 

NAD+ 

Lactate 

The reaction buffer was made up of triethanolamine (100 mM), 

MgSO4* (2.0 mM), phosphoenolpyruvate (0.4 mM), NADH (0.25
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mM), ATP (1.2 mM), pyruvate kinase (1 U/ml) and lactic 

dehydrogenase (7 U/ml). In each cuvette 0.83 ml of reaction 

mixture was added plus 200 yl of sample. The blank 

contained 0.83ml of reaction mixture and 200 pl of distilled 

water. All samples were calibrated against distilled water 

alone (no buffer). The optical density was read at 340 nm 

for 2) mig until it was stable and then LO pl of 

glycerokinase (lmg/ml) was added to each cuvette. The 

absorbance measurement continued to be read for a further 25 

min. The change in absorbance was proportional to the 

concentration of glycerol present. 

ABSORBANCE x dilution factor 
  = pmol glycerol/ 

6.22(NADH extinction coefficient) 105 adipocytes 

3.4.3 Tumour slice experiments 

3.4.3.1 Preparation of tumour slices 
  

MAC16 and MAC13 tumours were excised from male donor 

NMRI animals and placed in ice cold isotonic saline. The 

tumours were sliced evenly and the weights of the tumour 

slices recorded. The slices were kept in ice “cold 

Krebs-Ringer bicarbonate buffer prior to experimentation. 

3.4.3.2 Tumour slice lipolytic activity 
  

Each tumour was cut into 3 slices and put into 0.5 ml 

of Krebs-Ringer bicarbonate buffer. One slice was 

homogenised and lipolytic activity determined as described
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in section 3.4.2. The other slices were incubated at 

37°C for either 1 or 2h. After incubating, the lipolytic 

activity in the buffer surrounding the slices was 

determined. The tumour slices were then homogenised and 

reincubated for 2h with fresh adipocytes. At the end of 

the incubation the lipolytic activity was determined. The 

decrease in lipolytic activity in the slices that were 

incubated for fo 2 h was due to the release of some of the 

lipolytic factors into the surrounding buffer. Therefore: 

lipolytic activity of initial slice homogenised 

- lipolytic activity of slice incubated for 2h 

= amount of activity released into buffer 

Control fat cells without any tumour slices were also 

incubated for 1 or 2h to take into account any spontaneous 

lipolytic activity. 

3.4.4 Protein determination 

Protein was determined by the method of Bradford (1976) 

using Bio-rad reagent. Dilutions of protein samples were 

made (1:200 to 1:1000) and 0.8 ml was mixed with 0.2 ml of 

dye reagent and allowed to stand for 5 min. The absorbance 

"was read spectrophotometrically at 595nm. All samples were 

calibrated against a control containing distilled water in 

place of the protein sample. A standard curve was 

constructed using bovine serum albumin and used to determine 

protein concentrations.
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3.5 In vitro determination of the presence of proteolytic 
  

factors in the MAC16 colon adenocarcinoma 
  

3.5.1 Preparation of samples 

Mice were killed by cervical dislocation and their 

diaphragms removed and placed in ice cold isotonic saline. 

The diaphragms were cut into two and blotted. The 

hemidiaphragms were weighed and placed in 0.75 ml of 

Krebs-Ringer bicarbonate buffer where they were gassed with 

95% O2: 5% CO, for 10 s. The hemidiaphragms were incubated 

for 30 min at 37°C. This pre-incubation period removed any 

proteolytic breakdown caused by the removal and dissection 

of the diaphragms. The hemidiaphragms were then transferred 

to clean microfuge tubes containing test substances and made 

up to 0.75ml with Krebs-Ringer bicarbonate buffer. These 

were gassed with 95% 0,: 5% CO, for 10 s and incubated at 

37°¢ for 2 h. At the end of the incubation period 0.5 ml of 

the surrounding buffer was removed and added to 0.125 ml of 

50% cold TCA. The tubes were mixed and then centrifuged in 

a Beckman microfuge. The clear supernatants were 

transferred to clean tubes and were neutralised with 1N 

NaOH. 

The hemidiaphragms were homogenised in 1.0 ml of 0.01 M 

phosphate buffer (pH 7.4). The homogenates were transferred 

to centrifuge tubes containing 0.5 ml of 50% ice cold TCA. 

The samples were mixed well and centrifuged. The clear 

supernatants were transferred to clean tubes and neutralised 

with 1 N NaOH. All neutralised samples were assayed for



= ote 

amino acid concentration. Control samples containing 

hemidiaphragm alone were also analysed to measure 

spontaneous proteolytic breakdown. 

3.5.2 Spectrophotometric determination of amino acid 

concentration 

A standard curve (0-10 mM) was constructed for alanine 

using 200 pl samples. This was used as a measure of total 

amino acid concentration in the surrounding buffer. 

Ninhydrin reagent (1.0 ml) was added to 200 yl of each 

sample and mixed well. The tubes were placed in a water 

bath at 100°C for 20 min. After cooling the diluent (1:1 

propanol:water, 5 ml) was then added to each tube and mixed 

on a whirlimixer. The absorbance of the solution was read 

at 570 nm and the concentration of amino acids present in 

the samples calculated from the standard curve. 

3.5.3 Tumour slice experiments 

This was the same as described in section 3.4.3 but 

proteolysis was measured from mouse diaphragms. XKI 

hypernephromas were also assayed. Control diaphragms 

without any tumour slices were also incubated for 1 and 2h 

to take into account any spontaneous proteolytic activity.



= eS 

3.6 Characterisation of catabolic factors 
  

3.6.1 Dialysis 

A 10% w/v homogenate of the MAC16 tumour was prepared 

in Krebs-Ringer bicarbonate buffer and dialysed against 

distilled water overnight. After dialysis both the contents 

of “the tubing and beaker were assayed for lipolysis as 

described in section 3.4.2. 

3.6.2 Heat treatment 

MAC16 tumour homogenate (0.5 mi) OL partially 

purified factor (50 pl) was heated in a boiling tube at 90°C 

for 10 min. The homogenate was centrifuged and the 

supernatant was assayed for the presence of the lipolytic 

and proteolytic factors. 

3.6.3 Acid treatment 

The MAC16 tumour homogenate (0.5 ml) was added to 100 

pl of 1N perchloric acid, mixed thoroughly and centrifuged 

for 10 min at 2000 rpm. The supernatant was transferred to a 

clean tube and was neutralised with 1 N KOH. The 

neutralised sample was recentrifuged to precipitate any 

KClO, formed. The supernatant was decanted into a clean 

tube and assayed for the presence of the lipolytic and 

proteolytic factors.
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3.6.4 Periodate treatment 

An aliquot (100 pl) of the partially purified factor 

was oxidised by treating it with 100pl of 0.1 M_ sodium 

periodate in sodium acetate buffer (pH 4.5) at 25°C for 16 

h. The excess periodate was removed from the factor by 

passing it down a biogel P4 column and eluting with 

distilled water. Prior to the experiment periodate was 

passed down the biogel column of size 1.0 x 14.0 cm and the 

elution position was determined by adding KI. If periodate 

was present in the fraction then iodine woud be liberated 

shown by a brown discolouration. This showed that the 

periodate was clearly separated from the lipolytic factor on 

the biogel column. 

3.6.5 RNAase/DNAase treatment 

50pl of partially purified lipolytic factor was treated 

for 24 hr with 1.0 mg/ml of RNAase or DNAase at room 

temperature (20°C). Then 0.5ml was assayed for lipolytic 

activity using the glycerol assay as described in section 

3.4.2 The activity measured was compared to the lipolytic 

activity of untreated factor. 

3.6.6 Phosphatase/Sulphatase treatment 

50u1 of partially purified lipolytic factor was 

treated for 24 hr with 10 units/ml of alkaline phosphatase, 

acid phosphatase or sulphatase at 37°9Cr in sterile
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conditions. Then 0.5ml was assayed for lipolytic activity 

using the glycerol assay as described in section 3.4.2. 

The activity measured was compared to the lipolytic activity 

of untreated factor. 

3.6.7 Effect of other compounds   

The following compounds were assayed invitro for their 

effect on the catabolic activities of the MAC16 tumour: 

Conc. Solvent 

Propranolol 1.0 mM Water 

Indomethacin 1.0 mM Water 

RNAase and DNAase 1.0 mg/ml Water 

Insulin 10 U Water 

3-Hydroxybutyrate 8.0 mM Water 

Tumour necrosis factor 105 U saline 

Prostaglandins 

E,, Ez, Fi , F2 5-20 pg/ml Ethanol 

Antitrypsin/ trypsin 1 mg/ml Water 

Phenylmethyl- 

sulphonylfluoride 0.5 mM Water 

Isobutylmethylxanthine 0.1/1.0 mM Water 

3.6.8 Guanidinobenzotase activity 

These experiments were carried out in collaboration 

with Dr F. Steven, University of Manchester.
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3.6.8.1 Tumour preparation 

MAC16 frozen tissue sections were prepared by immersing 

the solid tumour in isopentane and immediately quenching 

in liquid nitrogen. The frozen sections were prepared by L. 

Wilcox, University of Manchester. 

3.6.8.2 Staining procedure 

A flourescent probe, 9-aminoacridine, was used to stain 

guanidinobenzoatase. The staining and flourescent 

microscopy techniques were performed as described by Steven 

et al (1988) and were carried out at the University of 

Manchester. 

3.7 Chromatographic techniques. 

3.7.1 DEAE cellulose column chromatography 

Supernatants from crude tumour homogenates were 

fractionated by anion exchange chromatography using a DEAE 

cellulose column eluting under a salt gradient. The DEAE 

cellulose column (dimensions Guest: 30.0 cm) was 

equilibriated with 0.01 M phosphate buffer (pH 8.0). The 

material was eluted with a linear gradient of 0 - 0.2 M Nacl 

in 0.01 M phosphate buffer (pH8.0). The column was eluted 

at a flow rate of 30 ml/h and the effluent from the column 

was collected in 5 ml fractions. A smaller DEAE column was 

also used (dimensions 1.0 x 14.0 cm) under the same
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conditions as described. The column was eluted at a flow 

rate of 15 ml/h and the effluent from the column was 

collected in 1.0 ml fractions. Tumour protein (1.3 mg) was 

applied to the column. The lipolytic activity and the 

proteolytic activity of each fraction was measured by the 

lipolytic assay and proteolytic assay techniques described 

in sections 3.4.2 and 3.5. 

3.7.2 Sephadex gel filtration exclusion chromatography 

Fractions from the DEAE cellulose column that possessed 

significant lipolytic activity were concentrated by vacuum 

dialysis and the concentrate was applied to a Sephadex G150 

column (size 1.6 x 30.0 cm). The column was equilibriated 

with 0.01 M phosphate buffer (pH8.0) and active material was 

eluted with the same buffer. The flow rate was 15 ml/h and 

the effluent was collected in 1.0 ml fractions. The 

lipolytic and proteolytic activity of each fraction was 

measured as described in sections 3.4.2 and 3.5. 

The initial separation stage with the MAC16 tumour 

extracts used a Sephadex G150 column. In a further 

separation stage the active fractions from the DEAE 

cellulose chromatography were passed down a G50 Sephadex 

column to achieve a better resolution of the active peaks. 

A Sephadex G25 column was also used but it was not effective 

in retaining the active material. To determine an accurate 

molecular weight for the peaks the column used was 

calibrated with standards of known molecular weight.
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3.7.3 Column chromatography of patients samples 
  

Blood was removed from cancer patients and allowed to 

clot at room temperature for 10 min before centrifuging to 

collect the serum. The serum was stored at -20°C until use. 

Plasma, serum or urine (1.0 ml) was passed down a DEAE 

cellulose column as described in section 3.7.1. Active 

fractions from this column were subjected “to Sephadex 

exclusion chromatography as described in section 3.7.2. 

Control serum samples from non-tumour-bearing individuals 

were also analysed for comparison. Plasma samples from 

Alzheimers patients were also assayed. Plasma samples from 

these patients were also combined (18 ml) and lyophilised 

and the concentrate was chromatograqphed on a Sephadex G50 

column. Combined urine samples (128ml) from control 

subjects after 24 h starvation were also lyophilised and the 

concentrate subjected to Sephadex G50 chromatography. Urine 

samples (100 ml) from two cancer patients, one suffering 

from weight loss and one not, were lyophilised and the 

concentrate was passed down a Sephadex G50 column. All 

eluate from the Sephadex G50 column were then assayed for 

lipolytic activity as described in section 3.4.2. 

3.7.4 Biogel column 

Biogel columns were set up using Biogel P4 which was 

suitable for the separation of proteins of molecular weights 

between 2.0k and 4.0k daltons. The biogel was first soaked 

overnight in distilled water and then packed into a column
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(size™ 1,00% 14.0 cm). The lipolytic factor was applied 

and the column was eluted with distilled water at a flow 

rate of approximately 15 ml/h. Fractions of 1.0 ml were 

collected. The biogel was used primarily to separate salts 

such as NaCl and periodate. The fractions were then 

analysed for lipolytic activity as described in section 

324.25 

3.7.5 High Performance Liquid Chromatography (hplc) 

Hplc was carried out at the Middlesex Hospital, London 

in collaboration with Dr B Coles, University of London. 

Various hydrophobic columns were used under the same 

conditions by using a gradient of acetonitrile: water/ 

trifluoroacetic acid (0.1%) run for 30 min from 10-60% 

acetonitrile. The UV absorbance was detected at 214 nm. A 

DE anion exchange column was also used with 0.01 M phosphate 

buffer (pH8.0) anda gradient of 0 - 0.2 M Nacl. The UV 

absorbance was detected at 214 nm. Fractions (0.4 ml) were 

collected and assayed at the University of Aston. Samples 

were concentrated to 100 pl on a gyrovap sample 

concentrator. Distilled water (0.4 ml) was added to each 

fraction and 100 pl of each fraction was assayed for 

lipolytic activity as described in section 3.4. The columns 

used were as follows: 

C18 hydrophobic column 

C8 hydrophobic column 

C4 hydrophobic column
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Amino column 

Cyano column 

DE anion exchange column 

The best purification method was determined to be as 

follows: 

1. Sephadex G150 

2. Biogel P4 

3. Sep-pak C18 

4. Biogel P2 (University of London) 

5. DE anion exchange (University of London) 

3.8 Mechanism of action of lipolytic factor 
  

3.8.1 Glucose consumption 

MAC16 cells were grown in tissue culture in RPMI 1640 

medium under an atmosphere of 5% CO,: 95% air (as described 

in section 3.3). Glucose consumption was 

described in section 3.1.3. 

3.8.2 Lactate Production 

Lactate was determined as follows: 

3.8.2.1 Preparation of blood samples 
  

measured as 

Whole blood (50 pl) was deproteinised by the addition 

of 1001 of 1N perchloric acid. The sample was mixed and
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sedimented in a Beckman microfuge for 1 min. The clear 

supernatant was used for the determination of lactate. 

3.8.2.2 Determination of lactate 

Lactate was measured by the method of Gutmann and 

Wahlefield (1974). This method depends on the oxidation of 

lactate to pyruvate with the concominant formation of NADH 

which was determined from the increase in absorbance at 340 

nm. 

L-(+)Lactate + NAD ----------- > Pyruvate + NADH + Ht 

Cuvettes were made up containing 0.43 M glycine - 0.34M 

hydrazine hydrate buffer (pH9.0), 2.75 mM NAD and 50 pl of 

sample in a total volume of 3.0 ml. A blank was set 

up containing 1N perchloric acid in place of the sample. 

All readings were calibrated against distilled water. The 

reaction was initiated by the addition of 20 pl of lactate 

dehydrogenase (19 units/ml) and the increase in absorbance 

due to the formation of NADH was measured at 340 nm for 30 

min at 37°C. 

3.8.3 Adenosine-3':5'-monophosphate (cAMP) analysis 
  

Adipocytes were prepared as described in section 

3.4.2.1. Adipocytes (1 - 2 x 105 cells) were incubated for 

the appropriate amount of time with the test substance or
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substances at 37°C. The reaction was terminated by the 

addition of 1.0 ml of cold 5% trichloroacetic acid. This 

was rapidly equilibrated and centrifuged at 2,000 rpm for 10 

min. The trichloroacetic acid was removed by extraction (5 

times) with 4.0 ml of ether. The aqueous extract was 

lyophilised and dissolved in 200 pl of assay buffer (0.05M 

Tris pH7.5 containing 4mM EDTA ). An aliquot (50 yl) of 

each sample was assayed for the concentration of cAMP 

present using a kit purchased from Amersham International, 

Bucks., UK(performed by Dr M.J Tisdale, Aston University). 

The assay method was based on the competition between 

unlabelled cyclic AMP and a fixed quantity of the tritium 

labelled compound for binding to a protein which has a high 

specificity and affinity for cAMP. The amount of labelled 

protein-cAMP complex was inversly related to amount of 

unlabelled cAMP in the sample to be calculated. Separation 

of the protein bound cAMP from the unbound was achieved by 

adsorption of the free nucleotide onto coated charcoal, 

followed by centrifugation. An aliqout of the supernatant 

was then removed for liquid scintillation counting. The 

concentration of unlabelled cAMP in the sample was then 

determined from a linear standard curve (Gilman , 1970 and 

Brown et al =, 1971). The kit had a detection range 

between 0.2 - 16.0 pmoles of cAMP per incubation tube. 

The test substances studied were eicosapentaenoic acid, 

salbutamol, adrenocorticotrophic hormone, tumour necrosis 

factor, prostaglandin E, and both the lipolytic and 

proteolytic factors.
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3.9 Inducing cachexia in non-tumour bearing mice 

Female NMRI mice were used in these experiments as they 

are smaller in body weight and therefore weight loss was 

more enhanced. Four groups of four mice were set up as 

described below: 

Group 1: 100pl i.p with 0.9% saline 

Group 2: 100pl i.p with MAC13 tumour homogenate 

Group 3: 100pl i.p with MAC16 tumour homogenate 

Group 4: 200p1 i.p with MAC16 tumour homogenate 

All injections were carried out between 9.30 - 10.30 

am. The mice were injected for 5 days during which body 

weight and food and water intake were measured daily. 

3.10 Presence of lipolytic factor in starvation 

NMRI male mice, 10 - 12 weeks old, were starved for 24 

h in metabolic cages. Weight loss was recorded. Urine and 

body composition analysis and plasma metabolite levels were 

determined as described in section 3.1. 

Six human control subjects volunteered to starve for 24 

h. During the starvation period only water intake was 

allowed. All six provided control urine, and one provided a 

blood sample, both prior to starvation and at the end of the 

starvation period. All samples from animals and humans were 

assayed for the presence of lipolytic factors before and 

after 24 h starvation as described in section 3.4. Urine 

creatinine was measured in all samples to standardise the
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assay, (lipolytic activity was expressed per mg of 

creatinine). Post-starvation plasma and urine samples were 

chromatographed on a Sephadex G50 column under the 

conditions described in section 3.7. The fractions were 

assayed for lipolytic activity and compared with the 

profiles of lipolytic activity obtained from body fluid 

samples of cancer patients. 

3.11 Inhibitors of cachexia 

The following inhibitors were tested invitro using 

lipolytic and proteolytic assays as described in sections 

Se4o2 and 37S: 

Eicosapentaenoic acid 

Docosahexaenoic acid 

Palmitic acid 

Sodium butyrate 

Sodium 3-hydroxybutyrate 

Insulin 

Megace 

Salbutamol 

Insulin, medium chain triglycerides (MCT) and Megace were 

tested in vivo as follows: 

3.11.1 Insulin treatment 

Ten to twelve week old male NMRI mice weighing between
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26-28g were transplanted with the MAC16 colon 

adenocarcinoma. They were given food and water ad libitum. 

Once the mice started to lose weight and the tumours were 

palpable, usually about day 14 after transplantation, the 

animals were administered daily injections of isophane 

insulin (20 U/ kg s.c.). Injections were performed between 

9.30 - 10.30 am for seven days. Two control groups were set 

up. One group of MAC16 tumour-bearing mice were injected 

subcutaneously with 0.9% saline while a group of non-tumour 

bearing mice were injected with 20 U of insulin/ kg/ day for 

7 days. 

Five groups of MAC16 tumour-bearing mice were 

injected subcutaneously with 200 pl of the following 

compounds: 

Group 1: 0.9% saline 

Group 2: 15 u insulin/ kg/ day 

Group 3: 20 u insulin/ kg/ day 

Group 4: 20 u insulin/ kg/ day with 30 mM sodium 

D(-)-3-hydroxybutyrate in the drinking water. 

Group 5: 30 mM sodium D(-)-3-hydroxybutyrate in the drinking 

water. 

After 7 days urine was collected for 24h. Blood was 

removed by cardiac puncture and the levels of plasma 

metabolites determined. The carcass and tumour weights were 

recorded and the carcasses stored at -20°C prior to body 

composition analysis.
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3.11.2 Dietary products 

3.11.2.1 MCT dietary studies 

3.11.2.1.1 Animals used 

The non tumour bearing and MAC16 tumour bearing mice 

used were all male and weighed between 26 - 28 g. The mice 

were fed on normal rat and mouse breeding diet and given 

water ad libitum until the tumours were palpable and the 

mice started to lose weight. At this point the diets were 

initiated. 

3.11.2.1.2 Dietary modifications 

Four different dietary groups were studied: 

1. Normal pelleted rat and mouse breeding diet plus water 

(see Appendix 1). 

2. 80% MCT diet plus water. 

3. Rat and mouse breeding diet plus water containing 30 mM 

3-hydroxybutyrate ad libitum. 

4. 80% MCT plus water containing 30 mM 3-hydroxybutyrate 

ad libitum. 

All diets were isocaloric and isonitrogenous. The 80% 

MCT diet derived 80% of its calorific value from MCT and 

consisted of the following:



OG 

ANALYSIS % ENERGY x FAT(calc) 80% 

NFE(indicating carbohydrate content alae: 

and calculated by the difference 

at constant moisture) 

RAW MATERIALS INCLUSION RATE 

Soya (dehulled) 410.0 g 

Limestone 9.4 g 

Bentonite (inert filler) TSE OSs. 

Salt Gur 9 

Dicalcium phosphate 45.75 

Methionine 2-1 9g 

Rodent 006 renee 21.49 

Triglyceride emulsion 565.0 ml 

1135.09 

Inclusion rates of raw materials are in g/ kg: energy 1244 

keal/ 1b (11.48 mJ/ kg), protein 200 g/ kg. The triglyceride 

emulsion contained 52% MCT and 48% water and the following 

percentages of saturated fatty acids: C, 1.1; C, 81.1; Cio 

15.7; Cy2 2.1. The ketogenic diets were presented to the 

animals as a paste to minimise food scatter. 

The normal rat and mouse breeding diet consisted of 50% 

carbohyrate and supplied 11.5% of the energy as fat (see 

Appendix 1). 

During the experiment all mice were weighed and food 

and water intake was measured daily and food wastage 

determined. The dietary treatments were only continued for 

8 days since by this time some of the control animals had 

lost 25% of their body weight and had to be exsanguated.
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The urine and faeces was collected for nitrogen analysis and 

the following day blood was taken by cardiac puncture. 

Plasma metabolites were then measured as described in 

section 3.1. Carcass and tumour weights were recorded and 

the carcasses stored at -20°C prior to body composition 

analysis (section 3.1.7). 

3.11.3 Megestrol acetate (Megace) treatment 
  

Male NMRI mice (10 -12 weeks old) were transplanted 

with the MAC16 tumour. After approximately 14 days, when 

the animals were starting to lose weight and the tumours 

were palpable, they were injected subcutaneously with 3.0 mg 

of Megace/ day for 7 days or 3.0mg Megace/mouse twice a day 

for 3 days. Megace was made into a suspension using 100% 

pure corn oil (50 mg Megace in 3.0ml of corn oil). During 

the experiment all mice were weighed and food and water 

intake measured daily. 3.0mg Megace/mouse twice a day was 

only continued for 3 days due to the ocurrance of ulcerating 

tumours. At the end of the experiment the procedures 

described in section 3.10.1 were performed.
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SECTION 4: RESULTS AND DISCUSSION
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4.1 Characterisation of MAC16 colon adenocarcinoma in vivo. 

4.1.1 Introduction 

Cancer cachexia is characterised by a massive loss of 

body weight with extensive breakdown of both body fat and 

skeletal muscle. It is often, but not always, accompanied 

by anorexia (Costa, 1963). A significant weight loss is 

displayed by many patients with only a small primary tumour 

which may comprise often less than 0.01% of their total body 

weight (Nathanson and Hall, 1974). Animal models of 

cachexia to date have two disadvantages in relation to the 

human situation. 1)they possess a high tumour burden before 

weight loss becomes apparent and 2) a reduced food and water 

intake is required for weight loss (an anorectic response) 

(Morrison, 1973). As an experimental model we have studied 

a transplantable colon adenocarcinoma (MAC16) passaged in 

NMRI mice as a more suitable model of human cancer cachexia 

where weight loss occurs due to the metabolic effects of the 

tumour on the host. The weight loss produced with this 

tumour is seen as a reduction in the size of the animal and 

disappearance of fat deposits (Tisdale et al) (fig 13).
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Figure 13 

  

The effects of the MAC16 tumour on the growth of NMRI mice. 
  

Both groups of mice consumed the same amount of food and 

water. The mouse on the right had a fragment of the tumour 

implanted 28 days prior to the photograph being taken. 

The MACi6 tumour is a well differentiated colon 

adenocarcinoma induced with 1,2 dimethylhydrazine (Bibby et 

al, 1987a). 

Histologically the MAC16 tumour is poorly vascularised with 

few blood vessels present and extensive necrosis at the 

centre of the tumour mass (fig 14).
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Figure 14 

  

Section through the MAC16 adenocarcinoma from mice fed the 

normal diet. 

A negative nitrogen balance has been demonstrated by 

(Theologides 1972) in both animals and humans with a variety 

of tumours. Even when nitrogen intake was high enough to 

provide for both host and tumour, it has been shown that 

nitrogen was still lost from the carcass to the tumour 

(Mider et al 1948). Consequently nitrogen loss appears to 

be an important part of the cachectic syndrome and so urine 

analysis was studied to examine the nitrogen balance in the 

MAC16 tumour bearing animals. 

Weight loss was also observed in animals transplanted 

with a cell line derived from the solid MAC16 tumour by Dr 

M. Bibby, Bradford University.
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4.1.2 Results 

Animals transplanted with the MAC16 adenocarcinoma 

showed a progressive decrease in carcass weight as the 

tumour size increased (fig 15). The extent of weight loss 

experienced was directly proportional to the size of the 

tumour(fig 15) (correlation coefficient 0.91). The MAC16 

tumour did not induce any anorectic response. The average 

food intake in tumour bearing animals (15.1+0.6 kcal/day) 

was not significantly different from that of non-tumour 

bearing animals (14.9+0.9 kcal/day), and both groups also 

had the same water intake (4.6+0.27 ml/day in tumour bearing 

animals compared to 4.8+0.16 ml/day in the controls). From 

the results in figure 15 it is apparent that the tumour must 

reach a minimum weight of 0.1g in a 30g male mouse before 

any weight loss occurs and the maximum allowable weight loss 

(33%) was observed with only a 0.69 tumour burden 

representing only 2% of body weight. The weight loss was 

associated with a decrease in both carcass fat and muscle 

dry weight. Both carcass fat and muscle dry weight also 

decreased in direct proportion to the weight of the 

tumour(correlation coefficient -0.93 fig 16 and 0.65 fig 

17). This correlation between muscle dry weight and tumour 

weight did not reach the same significance as that between 

body fat and tumour weight possibly due to difficulties in 

dissection and weighing the thigh and gastrocnemius muscles 

accurately. Also since muscle degradation follows fat 

breakdown it was difficult to obtain points on the right 

hand side of the graph because of Home Office regulations,
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Figure 15 

The relationship between carcass weight (total body weight 
-tumour weight) produced by the MAC16 tumour in male 
NMRI mice and tumour weight. 
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The results were fitted to a linear model by a least 
squares analysis (r = 0.909). 

Each point represents the results from an individual animal.
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The relationship between total body fat and weight 
of the MAC16 tumour in male NMRI mice. 
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The results were fitted to a linear model by means of a least 
squares analysis (r=-0.93) 

Each point represents results from an individual animal.
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The relationship between thigh and gastrocnemius 
muscle dry weight and the weight of the MAC16 
tumour in male NMRI mice. 
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The results were fitted to a linear model by means of a 
least squares analys is (r= -0.651). 

Each point represents the results from an individual animal.
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which did not permit animals to lose more than 30% of their 

initial body weight. Loss of body fat exceeds that of 

muscle by about 13 times for a given weight of tumour. 

Total body weight decreased as the tumour weight increased 

and there was a corresponding reduction in the size of the 

individual body compartments (fig 19). 

NMRI mice injected with the MAC16 cell line exhibited 

the same cachectic response as was seen in mice bearing the 

MAC16 tumour. 

Figure 18 

  
MAC16 cell line characterisitics



= LOT = 

Figure 19 

Body composition of male NMRI mice bearing the 

MAC16 tumour. 
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2.6 x 106 cells were injected subcutaneously into the right 

flank of female NMRI mice. Weight loss was experienced 

after 12 days with no significant difference in food or 

water intake from non tumour bearing controls (table 1). 

The MAC16 colon adenocarcinoma caused an alteration in 

plasma metabolites in the host when compared with control 

NMRI mice (table 2). The level of glucose in the blood was 

decreased in tumour bearing animals although the animals did 

not experience symptoms of hypoglycaemic shock. The MAC16 

tumour also caused a significant decrease in the plasma 

levels of free fatty acids and triglycerides(table yrs 

There was no significant difference in the plasma ketone 

body levels between the tumour bearing animals and the 

non-tumour bearing animals. 

The total urinary nitrogen excretion in tumour bearing 

animals varied according to the extent of weight loss. It 

was significantly elevated at small tumour burdens with 

weight losses up to 3g (fig 20). However above a 3-4g 

weight loss there was a conservation of nitrogen until at 

large weight losses the excretion level fell to or even 

below that found in non-tumour bearing animals. 

The MAC13 adenocarcinoma is structurally related to the 

MAC16 but does not cause cachexia in its host. The MAC13 

tumour was transplanted in male NMRI of weight 26-28g. 

Animals bearing the MAC13 tumour showed no elevation in 

overall nitrogen excretion and this did not change during 

the course of the study as was also observed in control non 

tumour bearing animals (table 3). The total nitrogen 

excretion of control non-tumour bearing animals and MAC13
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Table 1 

Cachectic activity of in_ vitro MAC16 cell 

line in female NMRI mice. 

weightloss(g) food intake(g) water intake(ml) 

control 0.00+0.00 4.50+0.50 4.00+0.20 

MAC16 cells 4.82+1.14 3.60+1.70 3.70+0.20 

2.6x10®MAC16 cells were transplanted into female NMRI mice. 

Initial weight of 20g. 

Weight loss was recorded 14 days after transplantation. 

The results are expressed as the Mean + S.E.M. The number of animals 

studied was 6 to 10.
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Table 2 

Plasma metabolites of MAC16 tumour bearing male mice 

Glucose FFA Triglycerides Aceto 3-hydroxy 

acetate butyrate 

mg/100mI mg/100ml_ mM mM mM 

Non-tumour 

bearing 13645 2942 1.1540.11  0.040+0.002 0.078+0.007 

MAC16 tumour 

bearing 108+11*  10+1** 0.50+0.07°** 0.039+0.002  0.094+0.015 

Results are expressed as the Mean + S.E.M. The number of experiments 

performed were 6 to 8 . Significant difference “*p<0.05, **p<0.005, 
***)<0.001 compared to non-tumour bearing controls.
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Figure 20 

Total nitrogen excretion of male NMRI mice bearing the 

MAC16 tumour. 
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Each line represents results from an individual animal. 

Total nitrogen excretion = ureatammonia+creatinine.
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Table 3 

Effect of tumour type on welght loss 
and nitrogen excretion. 

Tumour type weight loss tumour wt totalnitrogen 

(9) (9) outputg/24hr 

none 0.00+0.00 : 0.030+0.003° 

MAC13 0.00+0.00 0.70+0.06 0.021+0.004** 

MAC16 5.6840.54 0.6640.10  0.042+0.003 

Tumour type Urea Ammonia 

9/24hr 104 9/24hr 

none 0.02849.003° 3.9140.50 

MAC13 0.015+0.001** 13.845.1 

MAC16 0.041+0.003 4.15+0.47 

nitrogen 

balance 
g/24hr 

0.016+0.007** 

0.025+0.007** 

0.004+0.007 

Creatinine 

104 g/24hr 

6.44+0.86 

3.87+0.09 

8.6641.15 

The results are expressed as the Mean +S.E.M. The number of animals 

studied was 7 to 9per group. Significant difference *p<0.05, **p<0.001 

compared to MAC16 tumour bearing animals . The total nitrogen input 

was 0.048+0.007 over 24 hrs and did not vary between the individual groups
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adenocarcinoma tumour bearing animals did not change with 

time throughout the study. 

There was no significant difference seen in nitrogen 

excretion in the faeces between control and tumour bearing 

animals. Nitrogen intake was measured in order to be able 

to calculate the nitrogen balance of the animals. The 

nitrogen intake of the mice was significantly reduced during 

the first 24hr in the metabolic cages (fig 21). As the mice 

aclimatized to the cages nitrogen intake increased to a 

steady level as shown in (fig 21). Tumour bearing animals 

showed a negative nitrogen balance at small weight losses 

(fig 22) which recovered to or above the initial value at 

larger weight losses. Total nitrogen excretion equaled the 

addition of urea, ammonia and creatinine excretion. Urea 

excretion (fig 23) followed the same pattern with weight 

loss as did the total nitrogen excretion, while ammonia 

excretion overall did not change with weight loss (fig 24) 

and creatinine excretion decreased when large weight losses 

were experienced (fig 25) indicating a loss of muscle mass. 

4.1.3 Discussion 

From these results it was concluded that the MAC16 

tumour is a good model of human cachexia. Host weight loss 

occurs with a tumour burden »>0.1g (0.3% ) and reaches 30% 

with a 0.6g (2%) tumour burden and occurs without an effect 

on food and water intake. This situation is analogous to 

that in cancer patients where tumour burden rarely exceeds 

5% of the total body weight. In addition some patients with
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22 

Food intake of male NMRI mice bearing the MAC16 

tumour on consecutive days in the metabolic cages. 
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Figure 22 

Nitrogen balance of male NMRI mice bearing the 

MAC16 tumour. 
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Urea excretion of male NMRI mice bearing the 

MAC16 tumour. 
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Figure 24 

Ammonia excretion in male NMRI mice bearing the 

MAC16 tumour. 
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different amounts of weight loss. Initial weights of the mice were 26-28g.
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Figure 25 

Creatinine excretion in male NMRI mice bearing the 

    

MAC16 tumour. 
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cancer cachexia do not have a reduced food or water intake 

again similar to our animal model.Most other experimental 

tumours have to reach 20 to 40% of the total body weight 

before symptoms of cachexia appear ( Morrison, 1973 ). 

Strain et al (1980) have reported a human hypernephroma 

which produces > 25% weight loss in xenografted animals at 

tumour weights less than 5% of the total body weight. 

However some reduction of food intake was also reported.The 

tumour described here differs from that reported previously 

(Bibby et al 1987) in that weight loss occurs at much 

smaller tumour masses. This was due to the selection of a 

more cachectic tumour during transplantation. 

The decrease in plasma metabolites in animals bearing 

the MAC16 tumour was most likely caused by the host and 

tumour competing for the available nutrients. The tumour 

May therefore be taking glucose, FFA, and triglycerides from 

the host to use for its own growth or it may stimulate the 

host to increase their metabolism. There was no increase in 

ketone bodies in the tumour bearing animals with weight loss 

indicating the absence of ketosis despite the large 

breakdown of fat deposits. Ketosis is normally induced 

during starvation(see introduction) to protect muscle 

protein from degradation by inhibiting the rate of oxidation 

of branched amino acids in muscle (Sherwin , 1975). The 

absence of ketosis in cancer patients (Conyers , 1979) and 

MAC16 tumour bearing animals therefore would allow 

gluconeogenesis from amino acids to continue. This subject 

is discussed further in section 4.7. 

The elevated nitrogen excretion observed during the
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progress of cancer cachexia was indicative of an increased 

mobilisation of body proteins for the production of glucose 

for use by the tumour. Alterations in host carbohydrate 

metabolism include an increase in glucose turnover (Lundholm 

et al ,1982),gluconeogenesis (Waterhouse et al 1974) and 

increased glucose recycling (Waterhouse et al 1979). The 

presence of a tumour alone was not sufficient to account for 

the increased nitrogen excretion seen, as animals with the 

MAC13 adenocarcinoma (of similar size to the MAC16 tumour), 

which did not develop weight loss have total nitrogen 

excretion values similar to non-tumour bearing animals. The 

elevated urea excretion in MAC16 tumour bearing animals was 

probably due to an increased gluconeogenesis from amino 

acids to provide glucose for the tumour, as the tumour in 

vitro has been shown to have an elevated glucose consumption 

(Tisdale et al, 1986). In the cachectic animals there 

appears to be a compensatory mechanism to prevent nitrogen 

excretion when the weight loss exceeds 3 to 4g in male mice 

as the nitrogen excretion was only elevated at small weight 

losses. 

Cachexia was also displayed in animals bearing the 

MAC16 cell line derived from the in vivo tumour. Out of a 

series of cell lines derived from the solid tumour it was 

the only one which when reinjected into NMRI mice caused 

symptoms of cachexia. Therefore this shows that the 

cachexia exhibited was due to a tumour product and not a 

macrophage product like TNF and that the original tumour was 

heterogenous with regard to the cachectic response. However 

there are some reports of TNF production by tumour cells
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(Oliff, 1987) and thus TNF levels were measured in animals 

bearing the MAC16 tumour. TNF was not detected in the MAC16 

tumour or in the serum of tumour bearing animals with or 

without the effect of endotoxin( Mahony, Beck and Tisdale 

1988). In addition the tumour mass was so small that it was 

unlikely that the tumour was simply competing with the host 

for the available nutrients. Again this implies the 

production of catabolic factors by the tumour which cause 

the breakdown of host muscle and fat stores. Experiments to 

determine the production of catabolic factors by the MAC16 

adenocarcinoma are described in the next section.
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4.2 Identification and characterisation of catabolic factors 

produced by the MAC16 adenocarcinoma, other tumour models 

and_in the circulation of tumour-bearing animals and cancer 

patients. 

4.2.1 Introduction 

Theologides hypothesised in 1972 that cancer cachexia 

was caused by unidentified humoral factors. He further 

proposed in 1978 that these factors might be peptides, 

oligonucleotides or other metabolites produced by the tumour 

that could be responsible for the metabolic changes seen 

in the cachectic host. Since then many such factors have 

been identified but have not yet been shown to be the cause 

of cancer cachexia. Previous work has shown evidence for 

circulating factors in cancer anorexia/cachexia. Norton et 

al (1985 ) showed that parabiotic transfer of cachectic 

factors was possible in a rat tumour model, suggesting that 

cachexia was mediated by factors in the circulation. 

Beutler et al (1985) have suggested that cancer 

cachexia is caused by a host response to the tumour in an 

attempt by the host to kill the tumour. They suggested that 

cachectin/TNF, a macrophage product, might cause the complex 

metabolic changes that lead to cachexia. Cachectin/TNF is a 

polypeptide with a molecular weight of 17K daltons that 

inhibits the enzyme lipoprotein lipase in peripheral 

tissues. Lipoprotein lipase hydrolyses triglycerides to 

glycerol and free fatty acids . It is suggested that 

cachectin/TNF inhibits this activity leading to an 

accumulation of triglycerides, which the body is incapable
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of storing (Price et al 1986). Therefore more adipose 

tissue is broken down to satisfy the bodies needs for free 

fatty acids, ultimately causing weight loss. It has also 

been demonstrated (Torti, 1985) that cachectin/TNF inhibits 

adipocyte gene expression in TAl adipocytes inducing an in 

vitro cachectic state. From these observations it was 

hypothesised that cachectin/TNF was the mediator of cachexia 

in vivo. Rats given a twice daily sublethal injection of 

recombinant human TNF for 8 days (Tracey et al, 1988) have 

displayed symptoms of anorexia, weight loss, depletion of 

whole body protein and lipid stores and anaemia. Work 

performed in our laboratory has demonstrated that TNF causes 

an acute anorexic effect. This differs from the metabolic 

changes associated with cachexia (Mahony, Beck and Tisdale 

1988). After 24 hr the mice become tolerant to the effects 

of the TNF and start to regain weight (Mahony and Tisdale 

1988). This has also been shown by Stovroff (1988 ) who 

likewise concluded that TNF has an anorexic effect. Further 

experiments in our laboratory have shown that this anorexia 

can be totally reversed by force feeding the mice glucose or 

by rehydration of the animals (Mahony and Tisdale 1989). 

Oliff et al (1987) studied the continuous infusion of TNF, 

by innoculating animals with TNF producing tumour cells that 

constantly produce low levels of circulating TNF. He showed 

87% of the animals treated in this way developed weight 

loss. However, this weight loss was again accompanied with 

a decrease in food intake. Ultimately cachectin/TNF seems 

to play a role in anorexia rather than in cancer cachexia 

which often occurs without an acompanying anorexia (Costa,
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1963). 

Weight loss has not been noted as a side effect in any 

of the clinical trials of TNF/cachectin (Chapman et al 1987, 

Sherman et al 1988, Socher et al 1988 and Waage et al 1986). 

This suggests that TNF does not cause cachexia in man. This 

may be due to pharmacokinetic parameters of drug 

administration. A clinical study in patients with advanced 

cancer, given twice weekly doses of TNF for 4 weeks showed 

no weight loss (Chapman et al 1987). Even when TNF was 

continuously infused for 5 days no weight loss was observed, 

but anorexia was noted as a side effect (Sherman et al 

1988). In addition TNF was not detectable in the serum of 

patients with clinical cancer cachexia (Socher et al 1988 ). 

In another study Balkwill et al (1987) found MTNF-like 

activity in 50% of a random sample of cancer patients. 

However another group (Waage et al 1986) was only able to 

identify TNF in the serum of septicaemic patients but not in 

cancer patients. Therefore elevated levels of TNF may be 

present in some cancer patients possibly due to the presence 

of unknown secondary infections but it does not seem to be 

involved in the etiology of cachexia in cancer patients. 

Alternatively, another view is that cancer cachexia may 

be caused by substances produced directly by the tumour 

which enter the circulation and have distant effects on the 

host. Many workers have advocated this idea. In 1947 Weil 

and Stetten showed the presence of a fat mobilising 

substance in the urine of fasting rabbits and Chalmers et al 

have shown a human lipolytic factor in fasting subjects 

(1958, 1960). More recently in 1980 Kitada et al reported
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that the serum of AKR mice bearing a thymic lymphoma 

contained a lipid mobilising factor (LMF). They stated that 

this factor was necessary for the growth of the tumour, to 

derive the fatty acids required for membrane formation by 

mobilization from host tissues. The factor was also present 

in culture medium from an AKR lymphoma cell line (Kitada et 

al 1981). Kitada also showed that LMF activity was present 

in serum from a human patient with advanced cancer. In 

further experiments Kitada was able to identify the LMF as a 

small heat stable protein of molecular weight less than 10k 

daltons. LMF was shown to aggregate on standing in the cold 

before becoming active. LMF when injected back into normal 

mice produced a massive fat mobilization (Kitada et al 

1982). This group has not published in this area since 1982 

after stating that further characterisation of the LMF was 

in progress. 

The presence of a lipolytic factor has also been 

reported by Masuno et al (1981). This lipolytic factor was 

found in the ascites fluid from DDK mice bearing sarcoma 

180 and in the ascites fluid from patients with hepatoma. 

This factor, toxohormone-L, was a protein of molecular 

weight 75k daltons and had an isoelectric point of 4.7. 

Toxohormone-L was also heat labile and nondialysable. 

Further work by Masuno et al (1984) demonstrated that 

lateral ventricle injections of purified toxohormone-L into 

rats significantly suppressed food and water intake. 

Therefore, toxohormone-L was having either a direct anorexic 

effect or causing the production/release of an anorexigenic 

substance. This is a completely distinct lipolytic factor
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from the one Kitada reported and discussed earlier. 

The most recent report of a lipolytic factor was by 

Hollander et al (1987). They suggested from work on human 

melanoma cells, that certain tumour cell lines were capable 

of transferring a lipolysis-promoting activity to the 

media: 

lipase 

TRIGLYCERLDE, ———-—-—— ~~ ——— > FREE FATTY ACIDS + 

GLYCEROL 

hormone lipase 

LIPOLYSIS PROMOTING FACTOR 

i 
TUMOUR CELLS 

Another important characteristic of cancer cachexia is 

the wasting of skeletal muscle. This can be due to either a 

decrease in protein synthesis and/or an increase in muscle 

degradation (Rennie et al 1983). A decrease in in vivo 

protein synthesis has been shown in the muscle and liver of 

cachectic mice (Emery et al 1984). The possible production 

of tumour produced proteolytic factors has therefore been 

investigated. 

it ,»is’ well documented that increased proteolytic 

activity is associated with the presence of a cancerous 

growth. Malignant cells are known to possess many
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proteolytic factors . These are involved in their loss of 

growth control, invasiveness and metastatic potential 

(Quigley et al, 1979). As early as 1925 Fisher showed that 

malignant tissue lysed plasma clots while normal tissue did 

not. Lysis of plasma clots is catalysed by proteolytic 

enzymes. In 1946 Fisher proposed that proteolytic factors 

were the cause of tumour invasion. Changes in peptidases 

and proteolytic activity in the plasma from tumour bearing 

animals have also been reported (Ottosen and Sylven 1960), 

suggesting the presence of circulatory proteolytic factors. 

Various human neoplasms have also been shown to produce 

collagenolytic enzymes. these would increase their ability 

to degrade connective tissue and help in the spread of 

metastases (Dresden et al 1972). 

Recently Steven et al (1988) have identified a tumour 

-associated proteolytic enzyme, Guanidinobenzoatase. This 

enzyme is capable of degrading fibronectin. 

Guanidinobenzoatase is a tumour cell protease believed to be 

involved in cell migration. It has been identified in 

numerous tumours including the fluid of Ehrlich ascites 

tumour cells in mice. Inhibitors of this enzyme have also 

been. identified in normal tissues and may explain why 

different tumours have different metastatic abilities. 

Greater knowledge of this enzyme and its inhibitors may 

ultimately help in the understanding of the regulation of 

metastasis (Steven and Griffin 1988). Other inhibitors, 

such as soya bean trypsin inhibitor and urokinase inhibitors 

when given repeatedly inhibit Ehrlich ascites tumour growth 

in vitro. This suggests another role for proteolytic
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factors in the growth of the tumour (Verloes et al 1978). 

In addition to cachexia muscle degradation is a 

characteristic in patients with trauma or sepsis. A plasma 

proteolytic factor has now been isolated from such patients 

and found to be a peptide of molecular weight of 4274 

daltons (Clowes et al 1983). As yet no proteolytic factors 

have been identified in cachectic cancer patients. 

The aim of the work in this section is (1) to identify 

any catabolic factors produced/released by the MAC16 

adenocarcinoma and to further characterise the nature of 

these catabolic factors. (2) To identify the presence of 

these factors in other tumour models and/or circulating in 

the body fluids of rodents and humans. 

4.2.2 Results 

4.2.2.1 Identification and characterisation of catabolic 

factors produced/released by the MAC16 adenocarcinoma. 

In view of the extensive mobilization of body fat in 

animals bearing small body burdens of the MAC16 tumour the 

possible production of lipid mobilizing factors by the 

tumour has been investigated. Extracts of the MAC16 tumour 

caused an enhanced release of both free fatty acids and 

glycerol from fresh epididymal adipocytes, which increased 

with time upto 2 hr of incubation (fig 26). The MAC13 and 

MAC15A are structurally related adenocarcinomas neither of 

which produces symptoms of cachexia in NMRI mice. Cell 

extracts of these tumours also produced lipolysis but at 

levels much lower than those produced by the MAC16 tumour
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(fig 27). To show the release of these factors tumour slice 

experiments were undertaken and demonstrated that the MAC 

tumours did release lipolytic factors into the surrounding 

medium (Table 4). It was noted that the MAC13 tumour 

contained 1/10th of the total activity of the MAC16 tumour 

but released more of its activity (72%) than the MAC16 

tumour (51%). Similar to Rofe et al (1987) we have 

demonstrated that TNF has no direct lipolytic activity. 

Experiments were then carried out to further characterise 

the lipolytic factor/factors produced by the MAC16 

adenocarcinoma. The lipolytic activty produced by the MAC16 

tumour when tested in fresh homogenates was nondialysable 

and destroyed by heat and acid. The activity was not 

significantly affected by propranalol nor indomethacin 

suggesting that it was not due to B adrenergic agonists or 

prostaglandin production. Inhibitors of proteolytic enzymes 

like trypsin inhibitor and phenylmethylsulphonylfluoride 

also did not reduce the lipolytic activity of the MAC16 

homogenate. However the MAC16 tumour induced lipolysis was 

significantly reduced by both insulin and 3-hydroxybutyrate. 

These agents also seemed to act synergistically. There was 

no effect on lipolysis by NaCl (up to 15mM) suggesting that 

the effect seen by sodium 3-hydroxybutyrate was due to the 

3-hydroxybutyrate and not to the sodium salt or to the 

alteration in ionic strength. A large decrease in total 

carcass fat is seen with low levels of lipolytic activity 

(fig 28). However when carcass fat decreases in the animal 

large amounts of lipolytic activity are required to 

completely deplete the body of its fat stores and there
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Figure 27 

Rate of release of FFA from mouse epididymal 

adipose tissue by tumour homogenates. 
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A = MAC 16Tumour homogenate H = 8.0mM 3 - HYDROXYBUTYRATE (3-HB) + 

B = MAC 16T HEATED TO 90°C MAC 161 

C=MAC 16T + ACID | = OU! + 3 - HB(8.0mM) + MAC 16T 
D = MAC 16T DIALYSED J = INDOMETHACIN 1mM + MAC 16T 

E = MAC 15A cell line K = PROPRANALOL 1mM + MAC 16T 

F = MAC 13 cell line L = 0.5mM Phenylmethylsulphony/fluoride 

G=IOU INSULIN (I) + MAC 16T + MAC 16T 
M = 15.4mM NaCl 
N = NaCl (15.4mM) + MAC 16T 

O = TRYPSIN INHIBITOR(1mg/ml) + MAC 161 

The results are expressed as Mean + S.E.M of 3to 13 

determinations. ‘indicates p<0.001 from A determined using the 

Students t test.
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Table 4 

Lipolytic activity of MAC16 adenocarcinoma 

slices. 

sample time of Lipolytic activity %tumour 

incubation(hr) Glycerol(mM)/g activity 

released 

a medium tumour slice 

MAC16 0 : 2. OG - 

MAC16 1 2.27 alo 32.0 

MAC16 2 1.60, 1.25 51.4 

MAC13 0 es 0.287 - 

MAC13 1 0.109 0.137 52.0 

MAC13 2 0.074 0.080 T2A 

The results are the Mean of two experiments.
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appears to be a logarithmic relationship between the two. 

The lipolytic activity was not destroyed by either trypsin, 

chymotrypsin or proteinase K. but was substantially reduced 

by pronase (i1mg/ml) a nonspecific protease. The lipolytic 

activity of the factor (16.69+2.15 mM glycerol) was 

significantly reduced by pronase (2.21+1.46 mM glycerol). 

This lipolytic factor/factors were also present in the 

plasma of MAC16 tumour bearing mice (table 5). This 

indicates that the MAC16 tumour releases a _ lipolytic 

factor(s) into the circulation and that this may be 

responsible for the extensive mobilization of body fat.. 

Further investigations were also undertaken into the 

production of proteolytic factors by the MAC16 

adenocarcinoma, which could account for the decrease in 

carcass protein (fig 19). Extracts of the MAC16 tumour 

caused an enhanced release of amino acids when incubated 

with mouse diaphragms. This release was linearly 

proportional to incubation time up to 2 hr (fig 29). Unlike 

lipolytic activity neither the MAC13 and MAC15A cell lines 

produced any proteolytic factors (fig 30). The proteolytic 

factor/factors from the MAC16 tumour were shown to be 

released into the surrounding medium(table 6). 

Characterisation of these crude factors showed that they 

were destroyed by heat (90°C for 10 min), 1.0N perchloric 

acid, insulin (10U), 3-hydroxybutyrate (8mM) and 

phenylmethylsulphonylfluoride (0.5mM). The latter suggests 

that the proteolytic factor is a serine protease. Partial 

suppression of the proteolytic activity was shown by a 

trypsin inhibitor (1mg/ml). Neither RNAase, DNAase nor
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Table 5 

Plasma lipolytic/proteolytic activity In tumour bearing 

and non tumour bearing male NMRI mice. 

Tumour type. Lipolytic activity Proteolytic activit: 

pmolFFAVhr/miplasma nmolAA/gD/ 

2hr/miplasma 

MAC16 adenocarcinoma 1.29+0.04 * 15.50+4.41° 

MAC13 adenocarcinoma 0.60+0.20 3.12+2.91 

Non tumour bearing 0.63+0.05 0.00+0.00 

Significant difference * P<0.001 compared to non tumour bearing 

Table 6 

Proteolytic activity of MAC16 adenocarcinoma slices 

sample time of Proteolytic activity % tumour 

incubation(hr) Aminoacid(mM)/gtumour activity 
releasec 

medium tumour slice 

MAC16 0 - 8.44 = 

MAC16 1 9.22 5.49 35.0 

MAC16 2 8.65 7.50 14.4 

The results are expressed as the Mean of two experiments.
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Figure 29 

Rate of production of amino acids from mouse 

diaphragm by the MAC16 tumour homogenate. 
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Figure 30 

Rate of release of amino acids from mouse 

diaphragms by tumour homogenates. 
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A = MAC 16Tumour homogenate J = 3-HB(8mM) + IOUI 

B = MAC 154 cell line K = 3-HB(8mM) + IOUI + MAC 16T 
C =MAC 13cell line L = PhenylmetyhylsulphonylflourideO.5r 
D = [OU INSULIN (1) M = PMSF(0.5mM) + MAC 16T 
E = OU! + MAC 16T N=TRYPSIN INHIBITOR (1) 1.0mg/ml 
F = 8.0mM 3- HYDROXYBUTYRATE © -=TRYPSIN | + MAC 16T 

(3-HB) P= -AMINOCAPROIC ACID 10 mg/ml 
G = 3 HB(8.0mM) + MAC 16T + MAC 16T 

H = NaCl 10.4mM Q-=MAC 16T HEATED TO 90°C 
| = NaCl (10.4mM)+ MAC 16T 

R = MAC16T + ACID(perchloric 1.0N) 

S = RNA-aSE 1mg/ml + MAC 16T 
T = DNA-aSE 1mg/ml + MAC 16T 

The results are expressed as Mean + S.E.M of 3 to 13 

determinations. ‘indicates p<0.05 from A, **p<0.001 from A 

and +p<0.001 from control determined by Students t-test.
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E-aminocaproic acid had any effect on the proteolytic actvty 

produced by the MAC16 tumour. Therefore it is not a nucleic 

acid nor a plasminogen activator. Small amounts of activity 

was needed to produce a decrease in muscle dry weight (fig 

Si )c However as total dry muscle weight decreased large 

amounts of activity were needed to completely deplete the 

animals muscle stores and as with lipolytic activity there 

was a logarithmic relationship between the two. 

In contrast with the original in vivo MAC16 tumour the 

cell lines exhibited only lipolytic but no proteolytic 

activity. This may be due to suppression of proteolytic 

activity by serum. The lipolytic activity was released into 

the medium during cell growth (fig 32). 

Various prostaglandins exhibit proteolytic activity 

Our experiments showed that PGE, produces more proteolysis 

than any of the other prostaglandins studied (fig 33). 

Tumour necrosis factor is thought to cause proteolysis by 

its release of PGE, (Dayer et al 1985). At high 

concentrations (105U/ml) TNF produced proteolysis in mouse 

diaphragms and this was inhibited by indomethacin and 

antitrypsin (fig 34). In contrast indomethacin and 

antitrypsin only partially suppressed the activity of the 

proteolytic factor produced by the MAC16 tumour. However 

when added together they completely abolished the 

proteolytic activity (fig 34).
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Figure 32 

Lipolytic activity of the MAC16 cell line 
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Figure 33 

Proteolysis induced in mouse 

diaphragm by prostaglandin 

analogues 
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Figure 34 

Effect of trypsin inhibitor and indomethacin on 

proteolysis in mouse diaphragms induced by the 

MAC16 tumour and byTNF 
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Results are expressed as the Mean + S.E.M. The number of experiments 

performed were 3 to 5 . Significant difference * p<0.05, + p<0.005 

when compared to the MAC16 tumour values. ** p<0.05 when compared 

to the TNF value.
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In collaboration with Dr F.Steven, University of 

Manchester the presence of the proteolytic enzyme 

Guanidinobenzoatase in the MAC16 tumour was examined. This 

enzyme is a serine protease with characteristics similar to 

the proteolytic factor found in the MAC16 tumour. 

Figure 35 

  

Flourescent micrograph of a MAC16 tumour section stained 

with 9-aminoacridine and photographed through a_ yellow 

interference filter. 

Tumour cells posessing guanidinobenzoatase activity appear 

yellow. The background of connective tissue, intracellular 

matrix and inactive cells appears green. Thus the MAC16 

tumour posseses a large amount of guanidinobenzoatase 

activity. Proteolytic activity similar to the lipolytic
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activity was found in the plasma of MAC16 tumour-bearing 

animals (table 5). The lack of inhibition of this enzyme by 

antitrypsin (fig 30) would account for its presence in the 

plasma. This shows that the MAC16 tumour produces a 

circulatory proteolytic factor/factors. This enzyme 

together with the circulatory lipolytic factor/factors may 

be responsible for the cachectic effects produced by the 

MAC16 tumour. 

On injection of cell free extracts of the MAC16 

adenocarcinoma into non tumour bearing female NMRI mice 

(initial body weight 20g ) weight loss was noted (fig 36). 

There was no difference in the weight loss produced by an 

extract of the MAC13 tumour at the same protein 

concentration from that found with saline injected controls. 

This suggests that cell free extracts of the MAC16 tumour 

are capable of producing cachexia. However this was only an 

experiment with a crude extract and it has been repeated 

using more purified lipolytic material. The results of this 

are discussed in the general discussion. 

4.2.2.2 Determination of lipolytic activity in other tumour 

models. 

Other experimental animal tumour models were examined 

for the presence of lipolytic activity. As stated earlier 

the MAC13 adenocarcinoma is related histologically to the 

MAC16 adenocarcinoma (Bibby et al 1987) and it displays 10% 

of the level of lipolytic activity found in MAC16 tumour 

(table 7). Two human cell lines Raji and GM892 also have 

low levels of lipolytic activity (table 7). These tumours
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Figure 36 
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A. control 200.1 0.9% saline. 

B. 200u! MAC13 tumour homogenate. (0.280mg/injection) 

C. 200u] MAC16 tumour homogenate. (0.265mg/injection) 

Results are expressed as the Mean + S.E.M of 5 animals 

There was no significant difference in food and water 

intake. Weight loss was measured after 6 days.
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Table 7 

Lipolytic activity of different tumour types 

tumour type strain of mouse 

MAC16 adenocarcinoma NMAI 

MAC13 adenocarcinoma NMAI 

Human hypernephroma Nude 

Raji (Burkitts lymphoma) cell line 

GM892 (lymphoblastoid) cell line 

Lipolytic activity 

umolglycerol/mgprotei 

0.137+0.0120 

0.013+0.0030 

0.002+0.0004 

0.011+0.002 

0.01340.002
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have not been reported to cause cachexia in the host. 

Strain et al (1980) showed a human hypernephroma 

transplanted into nude mice produced symptoms of cachexia. 

However in our laboratory the same tumour did not show any 

of the cachectic symptoms described by Strain. It also had 

very low levels of lipolytic activity associated with it 

(table 7). 

Human colonic tumours freshly obtained from the 

Operating theatre were also examined. These showed an 

increased level of lipolytic activity compared to normal 

colonic tissue from the same patients (table 8). The MAC16 

tumour had thirty times the lipolytic activity of normal 

colonic tissue. 

4.2.2.3 Determination of lipolytic and _ proteolytic 

activities in the circulating body fluids of mice and 

humans. 

The plasma and urine of MAC16 tumour bearing mice 

showed high lipolytic activity when compared with 

non-tumour bearing animals (table 5 and 9). Proteolytic 

activity was only present in the plasma of tumour bearing 

animals. The MAC16 tumour had five times as much 

proteolytic activity as did the MAC13 tumour. 

In patient studies no proteolytic activity was 

detectable in the serum. High lipolytic activity was 

detected in the serum of cancer patients with weight loss 

when compared to control subjects (table 10). There was a 

slight correlation between weight loss and the amount of 

lipolytic activity in the serum. Alzheimers patients were
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Table 8 

Lipolytic activities of human colon tumours 

Patient Sex Age Weight Lipolytic activity 

(kg) umol glycerol/mgprot 

B female 61 none 1.10+0.20 

H male 86 6.4 0.80+0.20 

RE male 50 12.7 2.3040.30 

A male 62 none 1.2040.30 

B.C female 68 none 1.00+0.30 

B.C(normal tissue) 0.50+0.10 

M male 68 none 1.0040.20 

M(normal tissue) 0.07+0.04 

MAC16 mouse 

colon adenocarcinoma 0.57040.500 

mouse(normal colon tissue) 0.021+0.004



= 3) 

Table 9 

Urine lipolytic activity in tumour bearing and 

non tumour bearing male NMRI mice. 

Tumour type Lipolytic activity 

umol glycerol/10° cells 

/mg creatinine 

MAC16 adenocarcinoma 1.060+0.168* 

MAC13 adenocarcinoma 0.254+0.014 

Non tumour bearing 0.150+0.065 

Significant difference *p<0.001 compared to non tumour bearing.
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also studied as they experience vast amounts of weight loss 

without reduced food intake (Singh et al 1988). These 

patients had no increase in serum lipolytic activity 

compared with normal controls. An increase in lipolytic 

activity was also detected in the urine of cancer patients 

(table 11). However this had no correlation with the amount 

of weight loss they had experienced. 

4.2.3 Discussion 

These results provide evidence for the production of a 

circulatory lipolytic factor by tumour cells independent of 

a host response. This factor can be distinguished from 

those others discussed earlier in the section . The effects 

seen are unlikely to be due to tumour necrosis 

factor/cachectin, since there was no evidence of TNF in the 

MAC16 tumour or the circulation of MAC16 tumour bearing mice 

either before or after endotoxin administration (Mahony, 

Beck and Tisdale 1987). The lipolytic factor produced by 

the MAC16 tumour differs from that reported by Kitada et al 

(1982) as it does not need to aggregate in the cold before 

becoming active. In addition the lipolytic activity differs 

from that described by Masuno et al (1981) which caused a 

suppression in food and water intake. This factor was also 

produced by acell line derived from the MAC16 tumour in 

vivo. The lipolytic factor appeared to be present in three 

MAC adenocarcinomas irrespective of whether the tumour 

confers cachexia on its host. However it is the amount of 

factor present and released that seems to dictate whether or 

not the animals exhibit cachexia. This factor is probably a



LD 2: 

Table 11 
“(aujuneass 

Gwyjo1aoAj6 
sajownl 

gg*, 
0} 

S70 
10 

QUIN 
jwW/j\OadA|5 

s
a
j
o
w
n
o
p
z
’
o
 

0120°0 
w
o
s
 

e6ues 
sjoalqns 

jewsoU 
405 

AyANOe 
ONAOdI| 

10} 
SaNjeA 

josUOD) 

€c 
O
f
e
r
 
+ 

9€° 
LF9E'S 

cl 
0FS6'9 

€2 
OF8l 

2 

920°0F01S°0 

eL0 
0
F
b
2
r
 
0 

00s°0 

8S0 
0
F
€
9
S
'
0
 

850 
0
F
0
%
S
'
0
 

paseoloep 

yewsou 

p
a
e
s
e
s
j
o
e
p
 

paseaioul 

yewsou 

ueleAO 

e}eljsoid 

ueweao 

JeolA1eo 

6un| 

29 

£9 

eg 

e
u
i
u
j
e
a
i
a
 

Bw/ 

S
|
]
9
9
¢
0
L
/
 

j
o
s
9
9
A
|
B
j
o
w
n
 

Ayayoe 
oy Ajod'4 

  

e
u
l
n
 

|W/ 

S|19890L/ 
j
o
s
a
0
A
j
6
j
o
w
n
 

Ayayoe 
onAjodi7 

  

eye}u! 
poo} 

(6y)ssojm 
edA} 

snown}     ebe 

ejeway 
1
d
 

grew 
Ho 

ejewey 
I
W
 

e
j
e
w
e
y
 

O
F
 

grew 
dy 

xes 
JUal}ed 

sjuaned 
sa0ued 

Guiso] 
}UBiem 

‘payeayun 
uy 

A
A
g
o
e
 
onAjodi| 

a
u
n



=O a 

protein as it is nondialysable, and destroyed by heat and 

acid. It is not a nucleic acid as it is not degraded by 

RNAase or DNAase. It is not a prostaglandin as its 

production was not inhibited by indomethacin. The lipolytic 

activity was not due to a nonspecific proteolytic effect as 

neither trypsin inhibitor or phenylmethylsulphonylfluoride 

caused a significant reduction in lipolysis. Insulin a 

potent antilipolytic hormone reduced the lipolytic activity 

of the MAC16 tumour. Ketone bodies have also been shown to 

directly reduce lipolysis in adipose tissue (Bjorntorp, 

1966). Thus in vitro 3-hydroxybutyrate inhibited the 

lipolytic activity of the MAC16 tumour and this effect was 

additive with insulin. Therefore the lipolysis seen with 

the MAC16 tumour responds to normal physiological stimuli. 

Medium chain triglycerides (MCT), capable of elevating 

plasma ketone body levels have been reported to prevent 

weight loss induced by the MAC16 tumour and to reduce tumour 

size (Tisdale and Brennan 1988). These effects may be due 

to inhibition of the lipolytic factor produced by the MAC16 

tumour. The factor appears to act differently from 

adrenaline produced in fasting, since propranalol had no 

effect onthe lipolytic activity. The presence of this 

lipolytic factor in the serum and urine indicates it 

produces a circulatory effect rather than a local effect. 

It may be produced to mobilise the hosts lipids required for 

the tumour growth. 

In addition, there is evidence for the production of a 

proteolytic factor/factors by the MAC16 adenocarcinoma. 

This proteolytic activity was unique to the MAC16 tumour and
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was not found in measurable quantities in other MAC tumours 

unlike the lipolytic activity. The proteolytic activity was 

also inhibited by both insulin and 3-hydroxybutyrate. 

Insulin has been shown in a similar system to stimulate 

protein synthesis and inhibit protein degradation (Fulks et 

al 1975). Ketone bodies have been shown to cause a decrease 

in proteolysis in isolated rat diaphragms (Palaioglogos and 

Felig 19 7/63). As insulin and 3-hydroxybutyrate have 

inhibited both factors it may explain their ability to 

reverse experimental cachexia (Moley et al 1985, Tisdale, 

Brennan and Fearon 1987). This is discussed in more detail 

in section 4.7. The proteolytic factor appears to be a 

serine protease as activity was completely abolished by 

phenylmethylsulphonylfluoride which reacts with serine 

hydroxyl groups. It is not a plasminogen activator or 

nucleic acid as E-aminocaproic acid, RNAase and DNAase had 

no effect on the proteolysis. A partial reduction in 

response was seen with both a trypsin inhibitor or 

indomethacin. Hence the proteolytic activity seen may be 

due to a number of actions including the production of a 

trypsin-like serine protease and the stimulation of 

prostaglandin E, production. Lambombardi et al (1983) have 

reported a trypsin-like serine protease produced by the 

Walker 256 carcinoma cells. Another trypsin-like protease 

identified was guanidinobenzoatase which we have shown to be 

present in the MAC16 adenocarcinoma. Whether this enzyme 

was responsible for the proteolysis seen remains to be 

determined. The proteolytic factor was also present in the 

circulation so producing a circulatory effect rather than a
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local effect. Therefore the cachectic effect of the MAC16 

tumour appears to be due to the production by the tumour of 

catabolic factors. 

Further experiments showed that lipolytic activity was 

associated with various different murine and human tumour 

types. Studies on the serum and urine of cachectic cancer 

patients has shown the presence of high lipolytic activity 

when compared with control subjects. 

The production of lipolytic factors in control subjects 

after a period of starvation is discussed in the next 

section.
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4.3 The production of lipolytic factors in starvation. 

4.3.1 Introduction 

In starvation (as described earlier in the general 

introduction) glycogen stores are depleted and survival 

depends largely on energy derived from fat stores. As a 

consequence of the increased fatty acids available to the 

liver ketone bodies (3-hydroxybutyrate, acetoacetate and 

acetone) are produced.These ketone bodies can be utilised as 

an energy fuel by the brain when the concentration becomes 

high enough thus reducing the requirement for glucose. 

Another route followed in starvation to supply fuel to the 

brain is that of muscle degradation to produce amino acids 

which happens only in the early stages of starvation. These 

amino acids are then converted by the liver to glucose. In 

fasting the blood glucose and insulin levels fall to 

approximately 80mg/dl and 10units/ml respectively. This 

triggers hormones to be released such as adrenaline and 

glucagon. These are lipolytic hormones, that stimulate 

hormone sensitive lipase to break down triglycerides into 

free fatty acids which are further converted into ketone 

bodies in the liver. 

In addition to hormonal action in starvation it has 

béen reported that lipolytic factors are produced to 

mobilise fat depots. As early as 1947 Weil and Stetten 

identified a fat mobilising substance in the urine of 

fasting rabbits. This substance was not present in rabbits 

fed on a normal diet. They suggested a possible 

relationship of this substance with the pituitary peptide
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adipokinin. In addition Chalmers et al (1958) studied urine 

collected from healthy human subjects after a 36hr period of 

fasting. The urine extract was then injected into mice and 

the effect on lipid mobilisation studied. They concluded 

that there was a lipid mobilising substance present in 

fasted subjects. This substance was not present in the same 

subjects when they were fed a normal diet. Two patients 

with neoplastic disease were also studied and found to have 

a fat mobilising substance in their urine. It was not 

determined whether this substance was the same fat 

mobilising substance as found in normal healthy subjects. 

They further characterised this substance showing it to be a 

polypeptide of pituitary origin resembling corticotrophin 

(Chalmers et al 1960). Liebelt et al (1971)have postulated 

the production of another lipid mobilising factor by the CBA 

2663 stomach tumour grown in GTG-obese mice. Evidence has 

been presented for the existence of this factor in the urine 

of starved animals and humans. Isolation of this substance 

has not been carried out. 

Identification of similar lipolytic factors in the 

serum of fasting control subjects has not yet been reported. 

4.3.2 Results 

We have studied the effect of starvation in mice and 

control human subjects after fasting over a 24 h period. A 

small but significant reduction in blood glucose level and 

in plasma free fatty acid levels were seen in the fasted 

mice (table 12). Body composition analysis showed a slight 

increase in dry muscle weight compared to MAC16 tumour
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bearing animals. However there was still a significant 

reduction in carcass fat (table 12). Body fluids of the 

mice were examined for lipolytic activity. It was noted 

that there was no increase in lipolytic activity in the 

urine compared to control fed mice. There was a slight 

increase in plasma lipolytic activity but still almost ten 

times less than seen in the MAC16 tumour bearing mouse 

(table 13). 

In the human control subjects again no increase was 

seen in urine lipolytic activity after a 24h starvation 

period. However, similar to the mice, an increase in plasma 

lipolytic activity was noted (table 13). This was not as 

great as seen in any of the cachectic cancer patients. The 

lipolytic factors present in the urine and plasma after 

starvation were examined in more detail to determine if they 

were the same factors present in the MAC16 adenocarcinoma 

(discussed later).
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Table 12 

Effect of 24hr starvation on male NMRI_ mice. 

Weight loss Blood Plasma Dry wt Fat(g) 

(g) glucose FFA muscle(g) 

mg/dl mg/dl (thigh + 
gastrocnemius) 

control 

NMRI 0.00+0.00 136.00+5.00 29.0+2.0 0.090+0.003 1.70+0.09 

NMRI 

after 

starvation6.16+0.21** 106.04+10.12* 10.0+1.0** 0.077+0.003*0.54+0.15** 

MAC16 
tumour 5.40+0.60** 108.00+11.00* 10.0+1.0** 0.070+0.002*0.58+0.11** 

bearing 

(2+ days after transplantation) 

The results are expressed as the MeantS.E.M. The number of animals used 

were 6 to 8. Significant difference *p<0.05, **p<0.005 compared to control 

NMRI mice. Initial weight of the mice were approximately 26 to 28g.



="160"- 

Table 13 

To determine the production of Ilpolytic factors during 

starvation 

(a) 24hr starvation of male NMRI mice 

urine lipolytic activity plasma lipolytic activity 

mM glycerol mM _ glycerol 

/mg creatinine /ml plasma 

control NMRI 0.150+0.065 0.020+0.003 

24hr starvation 0.140+0.065 0.035+0.005 

MAC16 tumour 1.060+0.168 0.201+0.030 

(b) 24hr starvation of human control subject(A.S) 

urine lipolytic activity plasma lipolytic activity 

mM glycerol mM _ glycerol 

/mg creatinine /ml plasma 

normal diet 0.056+0.004 0.07+0.02 

24hr starvation 0.048+0.008 0.150+0.03 

cachectic 

cancer patient(B.T) 0.218+0.023 0.370+0.030 

The results are expressed as the MeantS.E.M. The number of animals studied 

were 6 to 8.
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4.3.3 Discussion 

Mice, after a 24h starvation, show a decrease in blood 

glucose and a dramatic reduction in carcass fat. This is 

due to the body fat stores being broken down to supply the 

fuel needed for the brain. There was a slight decrease in 

muscle dry weight, probably due to some degradation to 

provide amino acids. These amino acids are then converted 

in the liver to glucose the major fuel source used by the 

brain. 

Contrary to results from other laboratories we found no 

increase in lipolytic activity in the urine of animals and 

man after fasting. This may be due to the time period that 

starvation was studied over. We only studied starvation 

over a 24h period while most other reports used a period of 

at least 36h of fasting. The increase in lipolytic activity 

in the plasma of animals and man was probably due to an 

increase of normal lipolytic hormones stimulated by fasting. 

This increase was much less than the values seen in 

cachectic cancer patients described in section 4.2. 

Determination of whether the lipolytic activity seen in 

starvation and/or cachectic cancer patients was due to the 

same factors that are present in the MAC16 adenocarcinoma is 

discussed in section 4.5. Further characterisation and 

purification of the factors produced ‘by the MAC16 

adenocarcinoma is discussed in the next section.
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4.4 Purification of the lipolytic and proteolytic factors 

produced by the MAC16 adenocarcinoma. 
  

4.4.1 Introduction 

All separation procedures involve the distribution of 

components in a mixture between two phases which 

subsequently can be separated mechanically. There are 

various properties that can be used to allow separation to 

take place. A simple method of separation is by 

precipitation. This is dependent on the solubility 

difference between the components. 

Size is an important property in that it allows 

substances to be separated by their molecular weight. 

Using gel filtration chromatography the molecular weight of 

particular molecules can be determined and these molecules 

identified. 

Another characteristic a molecule has that can be used 

in the separation process is the charge it carries. Using 

techniques such as ion exchange and isoelectric focussing 

molecules can be separated due to their charge. The basic 

theory underlying all these techniques is that unlike 

charges attract and like charges repel, thus the more 

charged a species is the further it will be attracted to an 

unlike source. 

In many column chromatographic procedures 

hydrophobicity is the property that separates the 

substances being investigated. Columns consist of varying 

lengths of carbon chain from C18 to C2 with decreasing 

hydrophillicity. Thus a compound will be retained for
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longer the more hydrophobic its nature is. 

All of these separation procedures have been used at 

some time in the isolation and purification of the 

catabolic factors produced by the MAC16 adenocarcinoma. 

4.4.2 Results 

Lipolytic activity in low speed supernatant fractions 

of the MAC16 tumour was retained on a DEAE cellulose and was 

eluted as four peaks of lipolytic activity under the 

influence of a salt gradient (0 to 0.2M NaCl) (fig 37). 

These peaks eluted at salt concentration of 0.075M, 0.09M, 

0.105M and 0.13M i.e. between 0.1-0.2M of the NaCl gradient. 

The cytosolic extract also gave four peaks of proteolytic 

activity retained by a similar anion exchange column and 

eluted by a NaCl gradient (0 to 0.2M) (fig 38). These peaks 

eluted at 0.095M, 0.12M, 0.14M and 0.15M NaCl i.e between 

0.08-0.15M of the NaCl gradient. Hence there was an overlap 

between the lipolytic and proteolytic activities of the 

MAC16 tumour. After DEAE cellulose to seperate these 

activities Sephadex G150 molecular exclusion chromatography 

was used. The lipolytic activity of the MAC16 tumour eluted 

as 2 peaks of activity at an elution volume/void volume 

between 2.0-2.6 (fig 37).Both of these peaks were of 

apparent molecular weight < 10k daltons. The same profile 

was seen with each DEAE peak. The proteolytic activity also 

eluted in 2 peaks. A large peak of activity at an elution 

volume/void volume between 0.87-1.30 (fig 40) and a much 

smaller peak at an elution volume/void volume between 

2.5-2.7. Therefore the molecular weight of the proteolytic
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Figure 37 

a) DEAE cellulose chromatography of a 
sample(1.0ml) 

from an extract of the MAC16 

adenocarcinoma. 
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Lipolytic activity distribution patterns of 1.0ml fractions obtained from 

a) DEAE column and b) Sephadex column (void volume 23.0ml). Protein 

content of tumour = 2.8mg/ml.
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Figure 38 

DEAE cellulose chromatography of a sample (1.0ml) 
from the MAC16 tumour homogenate 

40 0.3 

5 8 30 = 

= 02° Ee 
& 2 
30 2 20 3 
= S 

3 2 gi 

® 10 <= 
° 
£ 
E 
o 

° 0.0 
0 10 20 30 40 

fraction no 

Proteolytic activity distribution pattern of 1.0ml fractions obtained 

from a DEAE column in a phosphate buffer pH8.0 followed by a 

0-0.2M NaCl gradient. Protein content of the tumour = 2.8mg/ml.
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Figure 39 

Calibration graph of the Sephadex G150 column 
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Molecular weight markers used: 

Cytochrome C 12000 daltons 

Myoglobin 17800 daltons 
Albumin 66000 daltons 
Alcohol dehydrogenase 150000 daltons 

Apoferritin 480000 daltons
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Figure 40 

SG150 chromatography of DEAE active proteolytic fractions 
with and without trypsin inhibitor. 

20 

10 

    
- trypsin inhibitor 

am
in

o 
ac

id
 
co

nc
(u

M)
/g

 
di

ap
hr

ag
m 

+ trypsin inhibitor 

0.9 113) 1.7 2.2 2.6 3.0 
Elution volume/Void volume 

Proteolytic activity distribution pattern of 1.0m! fractions obtained from 

G150 sephadex column eluted with 0.01M phosphate buffer ,pH8.0.
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activity (>150k daltons) is much greater than the lipolytic 

activity. The proteolytic activity was destroyed by the 

addition of a trypsin inhibitor (fig 40). To achieve better 

resolution of the lipolytic factors sephadex G50 

chromatography was used. Peak 2 from the SG150 resolved 

into a single peak of apparent molecular weight of 

approximately 1500 daltons. Peak 1 from the SG150 resolved 

into 3 peaks of apparent molecular weight of approximately 

3000, 1500 and 700 daltons respectively (fig 41). 

Crude supernatant fractions from the MAC13 

adenocarcinoma was also chromatographed in the same way but 

using a more concentrated sample. The elution profile on 

DEAE cellulose was similar to that produced with the MAC16 

homogenate with four peaks of lipolytic activity eluted at 

salt concentrations 0.08M, 0.1M, 0.13M and 0.16M (fig 43). 

Sephadex G50 chromatography was carried out on the MAC13 

tumour homogenate. This showed two of the same peaks of 

lipolytic activity found in the MAC16 tumour with apparent 

molecular weights 1500 and 700 respectively (fig 43). 

Following this initial stage reverse phase high 

pressure liquid chromatography was used for further 

purification. Many problems were found with this especially 

with finding a suitable material that will retain the 

lipolytic factors. Numerous supports were tried but with 

all at least some of the activity eluted in the solvent 

phase at fraction 0/1 (table 14). Hence the factors are 

polar substances and highly hydrophillic. The best 

seperation was achieved with a C4 butyl column (fig 44). 

Unfortunately there were no peaks of absorption on the hplc
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Figure 41 
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Figure 43 

DEAE cellulose chromatography of a (concentrated) 
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Table 14 

Column used 

C18 

C8 

AMINO 

CONA 
sepharose 
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Conditions 

10-60%ACN 

10-60%ACN/TFA 

10-60%ACN/TFA 

0-15%ACN/TFA 

10-65%ACN/H20 

Factor eluted at 

0/1 fraction no 

** +fraction13 

**+some eluted 

with sodium acetate 

0.028M Na phosphate* *
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Figure 44 (a) 

H.P.L.C: C4 hydrophobic chromatography of partially 

purified lipolytic factor 
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a C4 column run on a 30min gradient of 10 to 60% acetonitrile : H20/ 
TFA(0.1%). Run at a rate of 0.2ml/min. The three peaks correspond ~ 

(respectively in order of elution) to molecular weights of 3, 1.5, and 

0.8kD as measured by Sephadex G50 chromatography.
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trace that related to the active peaks after bioassay (trace 

44). The active peaks from the C4 column were subjected to 

Sephadex chromatography to determine the molecular weights 

of each peak (fig 45). Peak one was of approximate 

molecular weight 3.0k daltons, this was then passsed down a 

c4 column again and peaks of all three molecular weights 

were obtained (fig 46). This indicates a relationship 

between all three species of lipolytic factor. A P4 biogel 

column was used for desalting purposes but the resolution of 

activity was not as good as Sephadex G50 (fig 47) and again 

nothing was seen on the hplc trace (trace 47). Ultimately a 

DE anion exchange column was used, the resolution of peaks 

of activity was good (fig 48). Unfortunately again no peaks 

of absorption were found on the hplc trace (48) that related 

with active peaks after bioassay. Thus the amount of factor 

present in our sample is very small. For further analysis 

greater amounts of the factors are needed, and collection of 

more of the material is now in progress. An absorbance scan 

of the crude factor showed peaks at 260 and 211nm (fig 49). 

Further experiments were caried out on the partially 

purified lipolytic material. This material was not 

destroyed by heat (90°C for 15min ), acid (sulphuric acid 

1.0N), RNAase(1.0mg/ml) nor DNAase (1.0mg/ml). It was not 

degraded by periodate treatment. The effect of acid on the 

partially purified factor produced by the MAC16 tumour 

depends on the type of acid used. Perchloric acid (1.0N) 

inhibited the effect of the factor, however, sulphuric acid 

(1.0N) did not effect the factors lipolytic activity. With 

perchloric acid the sample was neutralised with KOH (20%W/V)
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Figure 45 

Sephadex G50 chromatography of peak 1 from C4 column 
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Figure 46 

H.P.L.C : C4 rechromatography of peak 1 obtained from 

purified factor 
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from a C4 column run on a 30 min gradient of 10 to 60% acetonitrile 

: H2O/TFA(0.1%). Run at a rate of 0.2mli/min. The three peaks 
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Figure 47 (a) 

H.P.L.C: P2 blogel chromatography of partially 

purified lipolytic activity 
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Figure 47 (a) 

H.P.L.C: P2 biogel chromatography of partially 

purified lipolytic activity 
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Lipolytic activity distribution pattern of 0.4ml fractions obtained from @ 

P2 column run in 5.0mM sodium phosphate buffer pH8.0. Eluted at a rate 

of 0.2ml/min.
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Figure 47 (b) 
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Figure 48 (a) 

H.P.L.C: DE anion exchange chromatography of partially 
purified lipolytic activity 
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Lipolytic activity distribution pattern of 0.4ml fractions obtained from 
a DE anion exchange column in 0.01mM phosphate buffer pH8.0 and 
eluted with a 0 to 0.2m KCI gradient.
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Figure 49 
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producing a KCl0O, precipitate. It is possible that the 

lipolytic factor produced by the MAC16 tumour adheres to the 

proteins and was carried down with the precipitate. As we 

have shown before it seems the lipolytic factor produced by 

the MAC16 tumour adheres to other proteins easily. 

RNAase and DNAase had no effect on the lipolytic 

activity produced by the factor purified from the MAC16 

tumour (fig 50). 

Alkaline phosphatase inhibited the lipolytic factor 

produced by the MAC16 tumour (table 15). However the amount 

of inhibition seen , is dependent on the concentration of 

factor and enzyme used. Acid phosphatase and sulphatase had 

no effect on the lipolytic factor produced by the MAC16 

tumour.
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Figure 50 

Effect of RNAase and DNAase on purified lipolytic factor 
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Table 15 

Effect of alkallne phosphatase on Ilipolytic factor 
produced by the MAC16 tumour. 

1. 50ul factor plus 10 units/ml of alkaline phosphatase 

Factor alone Factor +AP % Inhibition 
mM glycerol mM glycerol 

0.03440.001 0.012+0.003 64.0 

2. 100u! factor plus 20units/m! of alkaline phosphatase 

Factor alone Factor +AP % Inhibition 
mM glycerol mM glycerol 

0.085+0.001 0.055+0.002 36.0 

All incubations were carried out for 20 hours at 37°C. The results are i 
expressed as the Mean + S.E.M of 3 experiments. Controls of adipocytes 
alone and alkaline phosphatase plus adipocytes were subtracted from the 
appropriate samples.
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4.4.3 Discussion 

The MAC16 adenocarcinoma appears to produce more than 

one lipolytic and proteolytic factor. These factors are 

both acidic, are distinguishable by molecular weight and by 

the total charge on each factor. The proteolytic and 

lipolytic factors are seperable by Sephadex chromatography; 

the proteolytic factor being of molecular weight >150k 

daltons and the lipolytic factors of molecular weight of 

approximately 3k, 1.5k and 700 daltons. The same lipolytic 

factors are found, although to a lesser extent, in the MAC13 

adenocarcinoma, which does not confer cachexia on its host. 

These factors may be required for tumour growth but an over 

expression of these factors causes cachexia. Further 

purification of the lipolytic factors was carried out using 

reverse phase hplc. The lipolytic factor seems to be a very 

potent substance. The concentration needed to show activity 

in the bioassay perhaps in the order of nM or pM. Thus no 

peaks of absorption are detected on the hplc traces as of 

yet. From the absorbance scan a peak at 260nm can either 

imply a nucleic acid or a hydrophobic amino acid like 

phenylalanine or tryptophan. 211nm (214nm) is a standard 

peak indicating the presence of amino acids. Further 

experiments using the purified material showed the factor 

was not an oligosaccharide since it was not destroyed by 

periodate. The factor was not destroyed by heat, but as it 

is such a small peptide it is unlikely that heat would break 

any important bonds and so reduce activity. This is in 

contrast to the tumour extract discussed earlier in section 

4.2, where it is possible that the peptide sticks to larger
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proteins and is precipitated out by the heat. 

The partially purified factor produced by the MAC16 

tumour was acid stable and not degraded by RNAase and 

DNAase. Thus the factor may be a peptide rather than a 

nucleotide. However the factor may be a small 

oligonucleotide that is not affected by these nucleic acid 

degrading enzymes. 

Isoelectric focussing of the lipolytic factor produced 

by the MAC16 tumour was carried out at the Middlesex 

hospital, University of London. The isoelectric point of 

the factor was <1.0 indicating the presence of a highly 

acidic group such as a sulphate or phosphate group on the 

molecule. Sulphatase had no effect on the lipolytic 

activity produced by the factor from the MAC16 tumour. A 

reduction in the lipolytic activity of the factor produced 

by the MAC16 tumour was observed with alkaline phosphatase. 

This indicates the possible presence of a phosphate group in 

the sequence of the factor. However the alkaline 

phosphatase did not completely abolish the lipolytic 

activity of this tumour factor. Thus the phosphate group 

May not be essential for its activity or it may not be a 

very good substrate for alkaline phosphatase. Therefore the 

factor may be a phosphorylated peptide perhaps with a serine 

phosphate in its sequence. This can only be determined 

after peptide sequencing and amino acid analysis has been 

carried out. 

The lipolytic factor was acid stable ,heat stable and 

partially degraded by pronase (1.0mg/ml) which may indicate 

a peptidic nature. To fully elucidate the structure of
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these lipolytic factors amino acid analysis and protein 

sequencing is required. After completion of this the 

lipolytic material could be synthesised, monoclonal 

antibodies prepared and used in the treatment of cachexia. 

Identification of the lipolytic factors produced by the 

MAC16 adenocarcinoma in other tumour models and body 

fluids of mice and man are reported in the next section.
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4.5 Identification of lipolytic factors present in a human 

tumour model and in the body fluids of mice and man. 

4.5.1 Introduction 

Enhanced lipolytic activity has been found in tumour 

models other than the MAC16 adenocarcinoma and in the body 

fluids of both mice and humans (table 7,8,9,10 and 11). 

Further purification of lipolytic factors present in these 

tissues was undertaken to compare and contrast with factors 

found in the MAC16 adenocarcinoma (section 4.4). In 

addition the presence of these factors in other diseases 

associated with weight loss was investigated. 

Alzheimers disease is a disease of the brain contracted 

inold age. It is the commonest type of dementia. This 

syndrome is caused by an overproduction of fibrous proteins 

in the neurones of the brain. As a result abnormally formed 

microtubles and neurofilaments pack the cells to the 

exclusion of other vital subcellular organelles and the 

cells die ( W.C. Bowman and M.J. Rand, Textbook of 

Pharmacology) . In this disease many patients lose large 

amounts of weight with no apparent reduction in food intake 

(Singh et al 1988). The group we have studied lost between 

6.4 - 37.1 kg over a period of up to 18 months. Nutritional 

assessments were performed in 3 groups of hospitalised 

elderly women comparable in age and mobility. The three 

groups consist of 1. Alzheimers patients, 2. Multi-infarct 

demented patients and 3. Non demented patients. All 

Alzheimer patients lost weight and on average weighed 21% 

less than nondemented patients and 14% less than
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multi-infarct demented patients. The weight loss was not 

accounted for by any defecit in food intake or 

malabsorption. It was concluded that the reason for weight 

loss in Alzheimers patients remains unknown (Singh et al 

1988). Significant elevation of cortisol secretion in 

elderly depressives has been reported in Alzheimer patients. 

Whether this causes the weight loss noted remains to be 

determined (Ferrier et al 1988). It has been reported that 

patients suffering from Downs syndrome who develop 

Alzheimers disease from the age of fourty also suffer from 

weight loss (Heston, 1977). Albalon et al (1984) put 

forward the hypothesis that the etiology of Alzheimers 

disease is malnutrition. He states that "the predominant 

deficiency of one or more nutrients could explain the 

predominamce of certain symptoms in a patient". Nutritional 

treatment is of great value to Alzheimer patients they live 

longer and it prevents complications of malnutrition like 

infectious diseases. 

Enhanced lipolytic activity was also found in patients 

suffering from multiple burns. Patients with burns are 

known to lose a lot of weight partially due to water loss. 

However the loss in weight may in part be a result of the 

enhanced lipolytic activity. Similar to trauma induced 

cachexia following a burns injury patients have a 

hypermetabolic rate and considerable weight 16s is 

experienced although patients are eating normally (Mason, 

1979). This hypermetabolism begins approximately a day 

after the injury and its level increases for a week until 

it reaches a plateau. This plateau is maintained for 10
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days to 2 weeks and then returns to normal as the patient 

heals. Energy expenditure as much as twice normal has been 

documented during the first 3 weeks after a burn injury 

(Newsome, 1973). Therefore during this hypermetabolic state 

caloric requirements are increased, failure to provide 

extra calories will result in a dramatic weight loss 

(Curreri, 1978). 

4.5.2 Results 

Serum sanples from MAC16 tumour bearing mice have shown 

high lipolytic activity but there was not enough measurable 

activity detectable after DEAE cellulose chromatography. 

DEAE cellulose chromatography was performed on two serum 

samples from cancer patients (fig 51 and 53). The first 

patient (A.M) had a lymphoma and had lost 19.6 kg at the 

time serum was taken. The second patient (A.H) had a 

bladder neoplasm and had lost 9.0 kg at the time serum was 

taken. For comparison two serum samples from non-tumour 

bearing healthy individuals were passed down a DEAE 

cellulose column (fig 51 and 53). The control subjects 

showed a large peak not retained by the DEAE column. This 

was most likely due to the presence of normal lipolytic 

hormones in the serum which are all basic and would not be 

retained by a DEAE column . The cancer patients showed this 

peak but also gave a similar profile to that seen in the 

MAC16 adenocarcinoma (fig 52). The active peaks (excluding 

the initial peak) from patient A.H were subjected to 

Sephadex G50 column chromatography to define the molecular 

weights of this material. Patient A.H showed active peaks
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Figure 51 

DEAE cellulose chromatography of a control serum 

sample(1.0ml) from a non-tumour bearing individual(N.H) 
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Lipolytic activity distribution pattern of 1.0ml fractions obtained 

from a DEAE column in phosphate buffer pH8.0 eluted with a 0-0.2M 

NaCl gradient.
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Figure 52 

DEAE cellulose chromatography of a 
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Lipolytic activity distribution pattern of 1.0ml fractions obtained 

from a DEAE column in phosphate buffer pH 8.0 eluted with a 0-0.2M 

NaCl gradient.
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Figure 53 

DEAE cellulose chromatography of a control serum 

sample from a non-tumour bearing individual (A.S). 
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from a DEAE column in phosphate buffer pH8.0 run on a 0-0.1M NaCl gradient.
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of the same molecular weights as seen in the MAC16 

adenocarcinoma namely 3, 1.5, and 0.7k daltons (fig 54). 

Serum froma patient (D.C) suffering from multiple 

burns when passed down a DEAE cellulose column expressed low 

activity in the region where the lipolytic factors from the 

MAC16 adenocarcinomas were seen (fig 55). More serum from 

this patient was rechromatographed on a Sephadex G50 column 

and many active peaks were found. However there was no 

active peaks in the area of molecular weight range 3.0 to 

0.7k daltons. The peaks seen were of larger molecular 

weights (fig 56). 

Sera from Alzheimer patients that expressed some 

lipolytic activity were pooled and 28.0ml of this pooled 

serum was then lyophilized, redissolved and passed down a 

Sephadex G50 column (fig 57). No active peaks in the region 

3 to 0.7kD were seen. 

As described in section 4.3 starvation causes an 

increase in lipolytic activity in the serum of non tumour 

bearing individuals. A 1.0ml serum sample was taken from a 

non tumour bearing healthy individual (A.S) after a 24hr 

starvation period, and this was subjected to Sephadex G50 

chromatography. No peaks of lipolytic material were found 

in the molecular weight range when compared to a weight 

losing cancer patient (fig 58). 

Urine samples fromn tumour bearing individuals also 

have an enhanced lipolytic activity (section 4.3). An 

aliquot of urine (1.0ml) from a mouse bearing the MAC16 

tumour was chromatographed on a Sephadex G50 column. A 

large peak of activity of apparent molecular weight of >20k
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DEAE cellulose chromatography of a serum 
sample(1.0ml) from a burns patient (D.C). 
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Figure 56 

SG50 chromatography of a serum sample (1.0ml) 

from a patient with multiple burns 
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eluted with 0.01M phosphate buffer pH 8.0. Void volume = 17.0ml.
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Figure 57 

SG50 chromatography of a sample(28.0ml) of serum 

from Alzheimer patients with weight loss. 
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Lipolytic activity distribution pattern of 1.0mI fractions obtained 

from a Sephadex G50 column ran in phosphate buffer pH8.0. 

Void volume= 18.0 ml.
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Figure 58 

SG50 chromatography of a sample(1.0ml) of serum 

from a control subject(A.S) after 24hr starvation. 
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Lipolytic activity distribution pattern of 1.0ml fractions obtained 

from a G50 sephadex column ran in phosphate buffer pH8.0. 

Void volume=17.0 ml.
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daltons was observed together with smaller peaks of activity 

as identified earlier of molecular weight 3, 1.5, and 0.7k 

daltons respectively (fig 59). The larger peak of molecular 

weight >20k daltons was made up to a 0.5M NaCl solution and 

rechromatographed on the SG50 column (fig 59). The 

resulting chromatograph showed a broad range of activity 

with activity eluting between apparent molecular weights of 

3 and 0.7k daltons. In comparison urine from a non tumour 

bearing mouse was also passed down a Sephadex G50 column and 

showed no comparable peaks of activity (fig 60). However 

urine from a mouse bearing the MAC13 tumour when passed down 

a Sephadex G50 column showed 2 peaks of lipolytic activity 

of apparent molecular weight 1.5 and 0.7k daltons (fig 60). 

Urine samples from cancer patients were also collected and 

examined. Sephadex G50 chromatography was performed on a 

1.0ml urine sample from a patient with cervical carcinoma 

(fig 61). This patient had not lost any weight at the time 

of collection but still had detectable lipolytic factors in 

the urine of the same apparent molecular weight as that seen 

with the MAC16 adenocarcinoma. This was compared to the 

Sephadex G50 chromatography of a urine sample from a control 

healthy subject (A.S) (fig 61). The chromatograms of 

lipolytic activity in the urine of two further cancer 

patients is shown in fig 62. Patient R had a teratoma and 

had lost 6.3 kg at the time urine was collected while 

patient P had a lung carcinoma and had lost no weight at the 

time urine was collected. Therefore it seems that the same 

fractions of lipolytic activity are present in all cancer 

patients with or without weight loss, but the amount is
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Figure 59 

SG50 chromatography of a sample(1.0ml) of MAC16 
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$G50 chromatography of Fraction 17(high mwt sp) 

from MAC16 urine 
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SG50 chromatography of a sample(1.0ml) of urine 
from a non-tumour bearing mouse(NMRI) 
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Elution volume/Void volume 

SG50 chromatography of a sample(1.0ml) of 

urine from mice bearing a MAC13 tumour. 
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Lipolytic activity distribution pattern of 1.0ml fractions obtained 

from a Sephadex G50 column eluted with 0.01M phosphate buffer | 

Void volume= 18.0 ml.
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61 

$G50 chromatography of a urine sample (1.0m!) 
from a cancer patient (J.C) 
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SG50 chromatoaraphvy of a sample(1.0ml) of urine from 
a control subject (A.S) 

Li
po
ly
ti
c 

ac
ti

vi
ty

 
gl

yc
er

ol
 
(m

M)
 

0.12 

0.08 

0.06 

0.04 

0.02 

  0.00 4 

  
Elution volume/Void volume 

Lipolytic activity distribution pattern of 1.0mI fractions obtained 

from a Sephadex column eluted with 0.01M phosphate buffer pH8.0. 

Void volume = 16.0 ml.
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Figure 62 

SG50 chromatography of a sample(100ml) of urine 

from a cancer patient (R) with weight loss. 
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SG50 chromatography of a sample(100ml) of urine 

from a cancer patient (P) without weight loss. 
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Elution volume/Void volume 

Lipolytic activity distribution pattern of 1.0ml fractions obtained from 

sephadex G50 column eluted with 0.01M phosphate buffer pH8.0. 

Void volume= 17.0 ml.
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less in patients without weight loss. 

Lipolytic factors have been reported in the urine of 

non tumour bearing healthy individuals after fasting (Weil 

and Stetten 1947, Chalmers et al 1958, 1960). Thus the 

urine of six non tumour-bearing individuals was collected 

(128ml) after 24 h of starvation, concentrated and passed 

down a Sephadex G50 column. No peaks of activity were found 

in the molecular weight range 3 to 0.7k daltons (fig 63). 

Human colon tumours were obtained from the operating 

theatre of the Queen Elizabeth Hospital, Birmingham and were 

examined for the presence of tumour lipolytic factors. 

1.0ml of the colon tumour homogenate (R.E) that gave the 

highest lipolytic activity in vitro was subjected to 

Sephadex G50 column chromatography. Many lipolytic factors 

were found (including the 3 present in the MAC16 

adenocarcinoma) of apparent molecular weight of 20, 5, 3, 

1.5 and 0.7k daltons (fig 64). 

All of the peaks obtained were slightly altered in 

their elution position due to variation in packing of the 

column and ageing of the column throughout the time it was 

being used. The 3k dalton peak ranged from 1.6-1.9 elution 

volume/void volume giving a molecular weight range of 3162 - 

5623 daltons. This may also be due to the active components 

binding to other small molecules so varying the molecular 

weight determined. This is possible as it is consistent 

with the high adhesive properties of the material noticed 

during purification. Smaller molecular weight peaks did not 

vary as much, the 1.5k dalton peak having a molecular weight 

range of 1496 - 1259 daltons and the 0.7k dalton peak a
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Figure 63 

SG50 chromatography of a sample(128ml) of urine 

combined from control subjects after 24 hr starvation 
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Lipolytic activity distribution pattern of 1.0m! fractions obtained 

a sephadex G50 column eluted with 0.01M phosphate buffer pH8.0. 

Void volume= 17.0 ml.
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Figure 64 

SG50 chromatography of a sample(1.0ml) of a human(R.E) 
colon tumour homogenate 
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Lipolytic activity distribution pattern of 1.0m fractions obtained 

from a G50 sephadex column eluted with 0.01M phosphate buffer 

pH8.0.Void volume= 17.0 ml.
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molecular weight range of 1000 - 794 daltons. 

4.5.3 Discussion 

In the MAC16 adenocarcinoma we have identified 3 

lipolytic factors of apparent molecular weights of 3, 1.5, 

and 0.7k daltons. The molecular weights of these factors 

can not be determined accurately until the precise 

structures are known. To show our cachectic model is 

analogous to the human situation we must be able to show the 

presence of these factors in cachectic cancer patients. 

These factors are circulatory and so should be detectable in 

the serum and because of their low molecular weight possibly 

also inthe urine of such patients. Non-tumour bearing 

healthy individuals were examined as controls and showed no 

evidence of any lipolytic factors of the same molecular 

weight as seen in the MAC16 tumour in their urine or serum 

even after starvation. In the serum of cancer patients 

however, lipolytic factors were found of the same apparent 

molecular weights of 3, 1.5 and 0.7k daltons. In patients 

with Alzheimers disease the only lipolytic factor found was 

of a molecular weight > 20k daltons. This larger lipolytic 

factor may be due to an enhanced level of a normal lipolytic 

hormone or lipase present in Alzheimers syndrome. Further 

work is needed to determine the origin Of, this lipolytic 

factor. The nutritional status in Alzheimers patients is 

difficult to determine. Maclennan (1975) studied patients 

ina long stay geriatric hospital including a group with 

dementia and showed after seven days the demented patients 

had a less adequate nutritional intake compared to the
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patients without any mental disability and patients with a 

physical disability. Thus even when patients are 

hospitalised malnutrition can occur due to several factors, 

1. they may have difficulty in recognizing and communicating 

their need for food, 2. the brain damage that exists may 

cause a suppression of appetite and feeding problems and 3. 

limited cooperation at feeding times by the patient 

(Maclennan et al 1975). 

In burns patients many larger lipolytic factors were 

enhanced but there were no peaks of molecular weight < 3.0k 

daltons. There was, however, an overall increase in 

background lipolytic activity in this area. This high 

lipolytic activity seen in a patient with a burn injury is 

most likely due to high levels of catecholamines in the 

plasma. High levels of catecholamines in plasma and rate of 

catecholamine excretion have been reported in burned 

patients (Mason ,1979 and Newson, 1973). The weight loss 

experienced in these patients is probably due to a failure 

to provide a supranormal caloric intake needed during the 

hypermetabolic phase (Curreri, 1978). 

Lipolytic factors of the same apparent molecular weight 

as in cancer patients were also found in the urine of mice 

bearing the MAC16 tumour. This showed a factor of higher 

molecular weight (>20k daltons) plus the three factors 

previously identified. On further treatment of the factor 

of high molecular weight with 0.5M NaCl it appeared to 

dissociate into the three factors of low molecular weight (3 

to 0.7k daltons). It is possible that this high molecular 

weight factor is an aggregate of the low molecular weight
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material or due to non specific adsorption of the low 

molecular weight material to proteins in the urine.The 

question remains as to whether these factors are products 

made exclusively by the tumour or whether they are produced 

by a unique action of the tumour to break down a 

normal/natural lipolytic hormone or lipase. 

Mice bearing the MAC13 tumour exhibited only 2 of the 

lipolytic factors of apparent molecular weight 1.5 and 0.7k 

daltons . This relates to the tumour which also expressed 

only the lipolytic factors of apparent molecular weight of 

1.5k and 700 dalton 

It appears that the presence of these factors in the 

urine is dependent on a tumour being present and not the 

amount of weight loss experienced as seen in the serum. In 

cancer patients with no weight loss all 3 lipolytic factors 

were still identified plus a lipolytic factor of high 

molecular weight as seen in the urine of the MAC16 tumour 

bearing mice. The problem with correlation of weight loss 

and the amount of factor present is that the bioassay used 

May not be quantitative. In the bioassay a set number of 

adipocytes(105) were incubated with potential lipolytic 

factors each time and this puts a limit on the maximum 

production of glycerol possible. In addition the assay 

alone without chromatography does not distinguish between 

the factors we are interested in and normal lipolytic 

hormones or lipases. Therefore the assay gives more 

qualitative results than quantitative but further 

modifications could result ina quantitative assay. A 

clinical problem was the recording of weight loss as it is
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dependent on the patients recollection of how much weight 

they have lost during a certain period of time. In addition 

with patients who have operable or treatable cancers eg. 

cervical cancer, they are obviously treated quickly before 

any major weight loss can manifest itself. 

We have studied the lipolytic activities in operable 

human colon tumour samples. The colon tumour exhibited many 

lipolytic factors, a larger peak at apparent molecular 

weight of 20k daltons plus an unidentified peak at 5k 

daltons and in addition the 3 lipolytic factors displayed in 

the MAC16 adenocarcinoma with apparent molecular weights of 

3k, 1.5k and 700 daltons. This again illustrates that these 

factors are tumour associated. This may prove useful for 

the diagnosis of cancer and if important in tumour growth or 

maintenance of structure could be specific targets of attack 

in the treatment of cachexia or tumour growth. 

After purification and identification of these 

lipolytic factors, the next question that arises is how do 

these factors work? In the next section the mechanism of 

action of the catabolic factors produced by the MAC16 

adenocarcinoma is discussed.
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4.6 Mechanism of action of the catabolic factors produced by 

the MAC16 adenocarcinoma. 

4.6.1 Introduction 

Hormones and growth factors, which are too large to 

penetrate the cell, exert their effects using second 

messenger molecules within the cell. Occupancy of the cell 

surface receptors initiates the production of active 

messenger molecules such as adenosine 3', 5 '-monophosphate 

(cyclic AMP). The cyclic AMP binds to the regulatory 

subunits of a protein kinase. Binding of cyclic AMP to the 

protein kinase releases the free catalytic subunit from the 

dissociated protein kinase. This catalytic unit 

phosphorylates specific cellular proteins. Cyclic AMP has a 

role in proliferation and diferentiation of cells and has 

subsequently been investigated for its role in tumour 

growth. 

4.6.1.1 Role of cyclic AMP in lipolysis 

In 1956 cyclic AMP was identified as a key regulatory 

agent in most mammalian tissues. Considerable evidence has 

been reported on the cyclic AMP-mediated lipolytic action of 

many hormones. Adenosine has been reported to play an 

endogenous modulatory role in fat cell lipolysis (Galon et 

al 1988). It appears to be the factor that determines the 

basal lipolytic rate as well as being involved in response 

to stimulatory and inhibitory agents. The presence of a 

catecholamine-sensitive adenyl cyclase system was first 

shown in cell free preparations of adipose tissue
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(Sutherland and Rall , 1960). Steroid hormones such as ACTH 

and glucagon also stimulated an increase in cyclic AMP 

levels in fat pads in vitro (Butcher et al 1966) and acted 

synergistically with methylxanthines on lipolysis and cyclic 

AMP levels (Butcher and Sutherland 1967). These lipolytic 

hormones appear to increase intracellular cyclic AMP levels 

by activating the adenylate cyclase system rather than by 

inhibiting cyclic AMP phosphodiesterases. Oestrogens in 

various mammalian species regulate body weight and 

adiposity. They have also been shown to increase adenylate 

cyclase activity in rat fat cells . This would explain their 

in vivo lipolytic properties (Pasquier et al 1988). 

The in vitro lipolytic effect of epinephrine was 

antagonised by insulin. Sutherland (1966) further reported 

a decrease in cyclic AMP levels after treatment with 

insulin. Adenylate cyclase stimulation and inhibition by 

hormones is mediated by two seperate guanine nucleotide 

binding regulatory components Ns and Ni _ respectively 

(Lambert et al 1985). Cholera toxin activates the Ns 

guanine nucleotide binding protein. After a lag time of 30 

minutes cholera toxin inhibits GTPase by ADP-ribosylation 

thus increasing the active form of the enzyme ,thus it 

stimulates cyclic AMP accumulation and lipolysis linearly 

for up to two hours. Bordetella pertussis toxin has a 

different mechanism of action, it inactivates the Ni guanine 

nucleotide binding protein. It presents a linear increase 

of GTP, cyclic AMP accumulation and lipolysis for up to two 

hours. These toxins have a direct effect on the adenylate 

cyclase system in contrast to hormone action which are
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receptor mediated (see fig 65). It has been identified that 

the adrenaline and isoprenaline stimulation of cyclic AMP is 

mediated via a B-adrenergic receptor. Occupancy of this 

receptor causes a release of cyclic AMP into the cytosol. 

Cyclic AMP activates a protein kinase which in turn mediates 

the phosphorylation of the regulatory site of the hormone 

sensitive lipase (Lonnroth and Smith 1986). Addition of 

insulin causes a rapid decrease in the phosphorylation of 

the lipase possibly by activation of a phosphodiesterase. 

Researchers have recently concluded that hormones such as 

adrenaline, ACTH or glucagon stimulate the Ns guanine 

protein where as insulin stimulates the Ni guanine protein. 

These proteins are regulated by a GTPase enzyme that 

hydrolyses the active GTP protein to the inactive GDP 

protein (see fig 65). Fat breakdown is important in the 

regulation of body weight . Thus the adenylate cyclase 

system may play a major role in cachexia. 

4.6.1.3 Role of cyclic AMP in proteolysis 
  

Within recent years it has become clear that cyclic AMP 

is capable of stimulating the synthesis or induction of a 

number of enzymes. Cyclic AMP is known to inhibit the 

overall rate of amino acid incorporation into protein (Pryor 

and Berthet 1960). Depressed protein synthesis is an 

important feature of muscle wasting experienced in cachexia 

(Rennie et al 1983). Whether this is regulated by the 

adenylate cyclase system remains to be determined.
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4.6.2 Results 

4.6.2.1 Mechanism of action of lipolytic factors produced by 

the MAC16 adenocarcinoma 

Isobutylmethylxanthine an inhibitor Of. cyclic AMP’ 

phosphodiesterases at a concentration of 0.1mM significantly 

enhanced the glycerol release from murine adipocytes caused 

by the partially purified lipolytic factor (fig 66). 

However at a concentration of 1.0mM isobutylmethylxanthine 

did not have any effect on the lipolytic action of the 

tumour factor. In contrast the lipolytic effect of 

noradrenaline was not affected by isobutylmethylxanthine at 

either concentration. These results may be due to the limit 

of lipolysis that can occur with 105 adipocytes. A further 

stimulation of lipolysis by isobutylmethylxanthine may have 

produced a competitive inhibitory effect on the 

noradrenaline induced lipolytic activity. The action of the 

partially purified factor on cyclic AMP production in 

adipocytes was compared with the lipolytic activitiy induced 

by either ACTH or the B adrenergic agonist salbutamol 

After a 10minute incubation the tumour factor , ACTH and 

salbutamol all increased cyclic AMP levels in the cell (fig 

67a). However after a 1 h incubation the tumour factor and 

salbutamol maintained the enhanced cyclic AMP levels in the 

cell but the levels of cyclic AMP in the ACTH treated cells 

had fallen back to normal (fig 67b). Following a2 h 

incubation the tumour factor still caused an increased 

cyclic AMP level in the cell. However ACTH and salbutamol 

treated cells had normal cyclic AMP levels (fig 67c).
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Figure 66 
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Figure 67 (a) 

Effect of factor, ACTH and salbutamol on cAMP levels 
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Figure 67 (b) + (c) 

Effect of factor, ACTH and salbutamol on cAMP levels 
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A. Control cells only 

B. 50ul factor 

C. 25 units ACTH 

D. 0.165mM salbutamol 

Results are expressed as the Mean + S.E.M. The number of 

experiments performed were 3 to 4.
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Combination of the factor and salbutamol showed their 

lipolytic activities were not synergistic. TNF 

(105units/ml) had no effect on cyclic AMP levels in the 

adipocytes. Ecoisapentaenoic acid (EPA) an in vitro 

inhibitor of the factor (see section 4.7 ) also inhibited 

the lipolytic activities of ACTH and salbutamol (fig 68). 

The inhibitory action of EPA on the lipolytic activitiy 

induced by the factor , ACTH or salbutamol was correlated 

with a reduction in the stimulated levels of cyclic AMP in 

the cell (fig 69 ). 

4.6.2.2 Mechantem of action of proteolytic factors produced 

by the MAC16 adenocarcinoma 

After a ten minute incubation the MAC16 tumour 

proteolytic factor increased cyclic AMP levels in mouse 

diaphragm (fig 70). No effect on cyclic AMP levels was 

observed after incubation for 1 or 2 h. EPA as shown earlier 

inhibits the proteolytic activity of the factor produced by 

the MAC16 tumour (see section 4.7). The inhibitory action 

of EPA on the proteolytic activity induced by the tumour 

effect was correlated with a reduction in the stimulated 

levels of cyclic AMP in mouse diaphragms (fig 70). 

Prostaglandin E, series also act by increasing cyclic AMP 

levels in mouse diaphragm (fig 71). However TNF (105 

units/ml) did not increase cyclic AMP levels in the mouse 

diaphragm (fig 71). 

The lipolytic factor produced by the MAC16 tumour 

showed some evidence of proteolytic activity when incubated 

for 2 h at 37°C with mouse diaphragm (fig 72). This
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Figure 69 

Effect of EPA on factor,ACTH and salbutamol cAMP levels 
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Figure 70 

Effect of proteolytic factor and EPA on cAMP levels 
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Figure 72 

Proteolytic activity of lipolytic factor produced 
by the MAC16 tumour 
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correlated with its ability to increase cyclic AMP levels in 

mouse diaphragms (fig 72). 

4.6.3 Discussion 

Methylxanthines are known to stimulate cyclic AMP 

formation and lipolysis. They inhibit cyclic AMP breakdown 

by reducing phosphodiesterase activity and antagonising the 

inhibitory effects of adenosine. Adenosine stimulates the 

guanine inhibitory binding protein. This effect is blocked 

by isobutylmethylxanthine (Londos et al. 1978). Thus the 

actions of the lipolytic factors isolated from the MAC16 

adenocarcinoma appeared to be mediated through the adenylate 

cyclase system as its effects were enhanced by 

isobutylmethylxanthine. 

ACTH and salbutamol increased cyclic AMP in the cell, 

via different cell surface receptors. Their enhancement of 

cyclic AMP levels was only transient and after 2 h cyclic 

AMP levels in the cell returned to normal. In contrast to 

this the tumour factor still increased cyclic AMP levels 

after 2 h. This was similar to the cyclic AMP stimulation 

caused by cholera and pertussis toxin. Cholera and 

pertussis toxin do not possess a receptor mediated action. 

Instead they bind directly to the guanine binding proteins 

of the adenylate cyclase system (Lambert et al 1985). Thus 

the action of the tumour lipolytic factors may be due either 

to a direct effect on the adenylate cyclase system or a 

prolonged stimulation of a cell surface receptor. 

Salbutamol and the factor do not act via the same receptor 

as no competitive effect was observed between them . Thus
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the factor does not cause lipolysis via the stimulation of 

the $-adrenergic receptor. EPA inhibited the lipolytic 

activities of the factor, ACTH and salbutamol and its 

effects were directly related to the increase or decrease in 

cyclic AMP produced. Therefore it too could be acting via a 

direct effect onthe adenylate cyclase system, perhaps by 

stimulating the inhibitory GTP protein. 

The enhancement of cyclic AMP by the proteolytic tumour 

factor was only transient and after 1 h cyclic AMP levels in 

the diaphragms had returned to normal. This may indicate a 

receptor mediated action. EPA inhibited the proteolytic 

activity of the tumour proteolytic factor and its effects 

were directly related to the decrease in cyclic AMP 

produced. As stated before EPA may directly effect the 

adenylate cyclase system. As discussed in section 4.2 the 

proteolytic factors actions may be due to induction of 

prostaglandin E, release. This hypothesis is further 

substantiated as prostaglandin E, increased cyclic AMP 

levels similarly to the proteolytic factor produced by the 

MAC16 tumour. Many of the effects of TNF have been reported 

to be due to the production of prostaglandin E, (Dayer 

1985). However its proteolytic effect (shown in section 

4.2) was not due to increased cyclic AMP levels in mouse 

diaphragm, so does not seem to involve prostaglandin E,. 

The lipolytic factor produced by the MAC16 tumour also 

possessed some proteolytic activity, again this activity 

was mediated via the adenylate cyclase system. 

Further work is needed to determine the exact site 

where the lipolytic factors, proteolytic factors and EPA act
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in the adenylate cyclase system and in addition if there is 

acell surface receptor specific for the lipolytic or 

proteolytic factor, to isolate it and to do further receptor 

binding studies. 

Reversal of the action of these factors could lead to a 

treatment of cachexia in cancer patients. In the next 

section inhibitors of the catabolic factors produced by the 

MAC16 adenocarcinoma and their role in the reversal of 

cancer cachexia is discussed.
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4.7 Inhibitors of the catabolic factors produced by the 

MAC16 adenocarcinoma and their role in the reversal of 

cancer cachexia. 

4.7.1 Introduction 

Cachexia is responsible for the severe morbidity and 

mortality seen in cancer patients and for a decreased 

tolerance to cancer treatment (Dewys et al 1980, Rivlin et 

al 1983, Heber et al 1986). In general attempts at 

alimentation or hyperalimentation have had some success in 

cases where the patient hada physical barrier to food 

ingestion ( Tchekmedyian et al 1986). An example of this 

would be patients with head and neck cancer in whom chewing 

and swallowing was difficult. In other cases where this 

barrier did not occur there has been no evidence that 

alimentation by either enteral or parenteral routes have had 

any effect on the catabolic state or weight status of the 

patient. It has been shown that even with extra nutritional 

support in many patients with advanced cancer, loss of 

weight continues whilst they receive the extra calories 

which would be expected to result in weight gain (Heber et 

al 1986). A major problem with nutritional support is that 

it may cause nutritional stimulation of tumour growth (Nixon 

et al 1981a). Thus other methods of treatment are needed to 

treat cachexia in the cancer patient. We have examined 

three different groups of substances: 

a) Normal metabolic controls eg. Insulin. 

b) Dietary effects 1. changes in fat content of the 

diet. High fat diets containing medium chain triglycerides
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(MCT). 2. changes in the carbohydrate content of the diet. 

Fish oil incorporated diets. 

c) Postulated anticachectic drugs for example Megestrol 

acetate. 

Insulin has anabolic effects that would oppose the 

catabolic effects of the tumour. It has been shown that 

administration of exogenous insulin in normal animals 

results in hyperphagia, weight gain and deposition of body 

fat (Moley et al 1985, Morrison 1982). Other effects of 

insulin reported are inhibition of breakdown of fat and 

protein and stimulation of fat and protein synthesis. Hence 

ause for insulin has been suggested in the treatment of 

cancer cachexia. Insulin treatment has been shown to 

stimulate food intake and increase host weight in three 

different rat strains with different tumour types (Moley et 

al 1983, Morrison 1982). It has been reported that 

treatment of cachectic and anorectic animals with insulin 

preserves fat stores and prevents depletion of protein 

without stimulating tumour growth (Moley et al 1985). In 

all of these situations a decreased food intake was a 

symptom of the experimental cachectic model used. Insulin 

has also been shown to inhibit some of the toxic effects 

produced by cachectin/TNF (Fraker et al 1987). This may be 

due to its reversal of the anorectic effect produced by 

cachectin/TNF. 

Dietary changes are favourable as they are not toxic 

to the host. Ketone bodies (acetoacetate and 

3-hydroxybutyrate) can be used as a source of energy for the 

brain in hypoglycaemia (Owen et al 1967). They also



eee Sas 

directly reduce protein degradation in muscle and stimulate 

insulin release from the pancreas (Hawkins et al 1971). 

Ketonuria is an uncommon phenomenon in cancer patients 

(Conyers et al 1979) and tumour bearing rodents (Bibby et al 

1987). Ketonemia can be demonstrated in cancer patients and 

tumour bearing rodents provided with an exogenous supply of 

fatty acids. Hence there is no malfunction of the livers 

ability to synthesise ketone bodies (Magee et al 1979). 

Thus a low carbohydrate diet may reverse the cachexia seen 

in cancer patients. In addition it may reduce the rate of 

growth of tumours which depend on glucose as an energy 

source (Tisdale 1982, Tisdale et al 1987). 

An alternative dietary change is to substitute the 

carbohydrate content of the diet by calories derived from 

fish oil. Fish oil is rich inw-3 type polyunsaturated fatty 

acids eicosapentaenoic acid (20:5 w-=3) (EPA) and 

docosahexaenoic acid (22:6W-3) (DCH). These are essential 

fatty acids that are not made by the body but are a 

necessary requirement for growth. Interest in fish oils 

started in 1976 when it was shown that the incidence of 

cancer in Alaskan and Greenland Eskimos was low compared to 

Western Society (Waterhouse et al 1976). It was found that 

the diets of these Eskimos contained large amounts of oils 

derived from fish and seals (Bang, 1976). Dietary fish oil 

has been reported to reduce the size and number of 

preneoplastic lesions of the rat pancreas induced by 

L-azaserine (Oconnor et al 1985). It also reduces mammary 

tumour incidence and prolongs the tumour latency period in 

rats after administration of the carcinogen
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N-methyl-N-nitrosourea (Jukowski et al 1985). A significant 

reduction in weight and size of the rat R3230 A.C mammary 

tumour (Karmali et al 1984) and a transplantable human 

prostate tumour DU-145 (Karmali et al 1987) was also 

observed after feeding a fish oil diet for 4 weeks. The 

growth of the BN472 a mammary adenocarcinoma was inhibited 

in rats which recieved a3 fatty acid diet but not in those 

which recieved a W-6 fatty acid diet (Kort et al 

1987).Therefore it is not an increase in fat alone that 

causes these effects but specifically an increase in w-3 

fatty acids. Hence fish oil may reverse cachexia in cancer 

patients and in addition display an antitumour effect. 

Recently many drug companies have become interested in 

the anticachectic properties of their drugs. At the moment 

Bristol Myers are investigating the anticachectic properties 

of their breast cancer drug Megestrol acetate (MEGACE). 

Megestrolacetate(17-acetoxy-6-methylpregna-4,6-diene-3,20-dione 

structural formula see fig 73) is an orally active synthetic 

derivative of the naturally occuring steroid hormone 

progestrone. It is licenced for use in the United Kingdom 

for the treatment of certain hormone dependent neoplasms, 

such as breast cancer and endometrial cancer. Megace also 

shows an antineoplastic effect in prostatic cancer (Johnson 

et al 71975). The antioestrogenic effect is believed to be 

responsible for the antitumour activity seen in breast 

cancer (Gregory et al 1985) and endometrial cancer (Wait 

1973). Megestrol acetate has been observed anecdotally to 

produce weight gain in cancer patients. A phase I/II study 

using high dose megace for breast cancer revealed that



 



= 234. = 

weight gain occured in 27% of the patients who recieved 160 

mg per day. A marked weight gain was also noted in 27/28 

patients given high doses of up to 1600 mg /day of megestrol 

acetate (Tchekmedyian et al 1986, 1987). A repeat of the 

above study showed that at doses of 1600 mg/day of megace, 

80% of all patients exhibited weight gain (Aisner et al 

1988). Hazard et al (1987) have shown an increase in 

glucose, high density lipids, cholesterol, triglycerides and 

phospholipids in the plasma of female rats given 5mg/kg/day 

of megace. In addition in vitro megestrol acetate has been 

shown to be a potent inducer of lipocyte differentiation 

(Harburger et al 1988). However the mechanism of action of 

megestrol acetate in inducing weight gain remains to he 

determined. A phase II study into the efficacy of high dose 

megestrol acetate in the treatment of cancer cachexia is 

presently taking place at the Queen Elizabeth Hospital, 

Birmingham. 

4.7.2 Results 

4.7.2.1 Inhibitors of the catabolic factors produced by the 
  

MAC16 adenocarcinoma in vitro 

Insulin at doses of 10units/ml significantly inhibited 

the lipolytic and proteolytic activity of ‘the MAC16 

adenocarcinoma (fig 27 and 30) < ketone bodies 

(3-hydroxybutyrate ) similarly inhibited both lipolytic and 

proteolytic factors produced by the MAC16 tumour (fig 27 and 

30). Sodium butyrate when compared with sodium 

3-hydroxybutyrate had the same inhibitory effect over the
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same concentration range (1.0 - 5.0mM) (fig 74). Fish oil 

is made up mainly of 2 polyunsaturated fatty acids, 

ecoisapentaenoic acid and docosahexaenoic acid. The effect 

of these and other fatty acids were examined in vitro. 

Docosahexaenoic acid and palmitic acid had no effect on the 

lipolytic or proteolytic activites of the MAC16 tumour. 

Ecoisapentanenoic acid(EPA) significantly inhibited both the 

lipolytic and proteolytic factors produced by the MAC16 

adenocarcinoma (fig 75). EPA also inhibited the lipolytic 

activity expressed by the MAC13 adenocarcinoma (fig 76). 

Further investigations into the inhibition seen with EPA 

showed that this effect was reversed by prior addition of 

carnitine (fig 76). EPA exhibited effects on the glucose 

metabolism of the MAC13 cell line with an increased lactate 

production and decreased glucose utilisation. Again these 

effects were reversed by carnitine (fig 77). 

Flavone acetic acid (FAA) an experimental antitumour 

agent is the only drug known to inhibit the MAC16 tumour 

growth in vivo. Hence its effect on the lipolytic factor 

produced by the MAC16 adenocarcinoma was examined. FAA 

showed a striking inhibitory effect on the MAC16 tumours 

lipolytic activity. However on further investigation this 

was shown to be an artifact due to FAA showing reduction in 

the NADH absorbance at 340nm (fig 78). This is a problem 

with many antitumour agents in that they interfere with the 

bioassay used to determine lipolytic activity. Megestrol 

acetate did not directly absorb at 340nm but did 

significantly inhibit the MAC16 tumours lipolytic activity 

at doses of 4 - 8mM (fig 79).
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Figure 74 

Comparison of sodium butyrate , sodium 3-hydroxybutyrate 
on inhibition of MAC16 tumour lipolytic activity 
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The results are expressed as Mean +S.E.M. The number of experiments 

performed were 3 to 5. Significant difference * p<0.001 compared 

to the MAC16 tumour.
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Figure 75 

Effect of EPA on proteolytic activity produced 
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Figure 76 

Effect of EPA on lipolytic activity of MAC13 tumour 
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Figure 77 

Effect of EPA/Carnitine on lactate production by MAC13 cells 
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Figure 78 

Effect of FAA on MAC16 tumour lipolytic activity 
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Figure 79 

In vitro Effect of MEGACE on MAC{6 lipolytic activity 
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Thus insulin, 80% MCT diet, fish oil diet and megestrol 

acetate have been investigated in vivo. 

4.7.2.2 Reversal of cachexia in vivo 
  

Insulin significantly reduced the weight loss seen in 

the animals bearing the MAC16 tumour at adose of 20 

units/kg/day given for 8 days. This reduction in weight 

loss was not accompanied by any changes in the intake of 

food or water . However insulin apparently stimulated tumour 

growth as it significantly increased tumour size in these 

animals (fig 80). When the mice were fed an 80% MCT diet 

for 8 days a significant reduction in weight loss was 

observed. This was not accompanied by a change in food or 

water intake. The MCT diet showed a slight antitumour 

effect with a significant reduction in tumour size (fig 80). 

When insulin and 3-hydroxybutyrate were given together no 

Synergistic effect was seen. The reduction in weight loss 

was associated with less fat breakdown and no muscle 

proteolysis (table 16). When MAC16 tumour-bearing mice were 

given 3-hydroxybutyrate alone there was no significant 

effect on the weight loss experienced compared to control 

MAC16 tumour-bearing animals. Nitrogen excretion in these 

animals was also reduced compared to the control MAC16 

tumour bearing animals (table 17). Animals bearing the 

MAC16 tumour showed a reduced blood glucose level when 

compared with non tumour bearing control and in the insulin 

treated animals a further reduction in blood glucose 

occurred (table 18)... In some cases this caused 

hypoglycaemic shock and death. In the MCT treated animals
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Figure 80 

Effect of insulin and high fat diets on weight 

loss in MAC16 tumour-bearing mice 
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Table 16 

Effect of Insulln and high fat dlet (MCT) on body compositior 

male NMRI mice bearing the MAC16 adenocarcinoma. 

Tumour Treatment Carcass fat Muscle dry weight 
(thigh+gastrocnemius) 

(9) (9) 

None 0.9%NaCl 1.70+0.09°° 0.090+0.003** 

None 20U_ insulin/kg/day 1.6440.10°* 0.098+0.005* 

MAC16 0.9%NaCl 0.58+0.11 0.070+0.002 

MAC16 80%MCT diet 1.0040.17° 0.080+0.003 

MAC16 15U insulin/kg/day 1.07+0.11° 0.083+0.003° 

MAC16 20U insulin/kg/day 1.00+0.10° 0.080+0.002 

MAC16 20u_ insulin/kg/day 

+3-hydroxybutyrate 0.92+0.13 0.075+0.004 

MAC16 3-hydroxybutyrate 0.65+0.12 0.07040.003 

The results are expressed as the Meant+S.E.M. The number of animals used were 

6 to 12 per group. Significant difference *p<0.05, **p<0.0004 from MAC16 

bearing animals injected with 0.9% NaCl.
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Table 17 

Effect of Insulln and high fat dlet on nitrogen excretion in 

NMRI mice bearing the MAC16 adenocarcinoma. 

Tumour 

None 

MAC16 

MAC16 

MAC16 

MAC16 

MAC16 

Tumour 

None 

MAC16 

MAC16 

MAC16 

MAC16 

MAC16 

treatment total total Nitrogen 

nitrogen input nitrogen output balance 

g/24h g/24h g/24h 

0.9%NaCl 0.048+0.007 0.030+0.003 0.018+0.007 

0.9%NaC! 0.044+0.005 0.042+0.003+ 0.004+0.007+ 

80%MCT diet 0.047+0.012 0.024+0.004* 0.023+0.007 

20U_ insulin/kg/day 0.039+0.006 

20u_ insulin/kg/day 

+3-hydroxybutyrate 0.039+0.013 

3-hydroxybutyrate 0.048+0.007 

Treatment Urea 
g/24h 

0.9%NaCl 0.028+0.03 

0.9%NaCl 0.041+40.003++ 

80%MCT diet 0.023+0.004* 

20U_ insulin/kg/day 0.023+0.007° 

20U_ insullin/kg/day 
+3-hydroxybutyrate 0.023+0.009* 

3-hydroxybutyrate 0.037+0.004++ 

0.024+0.007* 0.025+0.007+ 

0.024+0.010* 0.025+0.010+ 

0.038+0.004 0.010+0.007 

Ammonia Creatinine 
mg/24h mg/24h 

0.391+0.050 0.644+0.0E 

0.415+0.047 0.866+0.1 

0.614+0.165 1.4640.2 

0.78740.357 0.484+0.2 

2.232+1.016*°* 0.409+0.1 

6.48+1.01 0.742+0.1 

The results are expressed as the Mean+S.E.M for 6 to 12 animals per group. 

Significant differe 
and *p<0.005, ** 

0.9% NaCl. 

nce +p<0.007, ++p<0.002 compared with non tumour bearing 

p<0.0001 compared with MAC16 tumour bearing animals injected
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Table 18 

Effect of Insulin and high fat diet (MCT) on plasma 

metabolite levels in male NMRI mice bearing the 

MAC16 adenocarcinoma. 

Tumour Treatment Glucose FFA Acetoacetate 3-Hydroxy 

butyrate 

mM mM uM uM 

none 0.9%NaCl . 6.7640.24 1.01+0.06 40+4 1052419 

none 20ul/kg/d. 7.5740.24 0.72+0.07 3748 92+28 

MAC16 0.9%NaCl 5.5240.43* 0.36+0.02** 3446 70414 

MAC16 80%MCT 5.60+0.36* 0.48+0.09** 74+7** 241+22** 

MAC16 20ul/kg/d 4.22+0.76**0.43+0.11** 3928 81+19 

MAC16 20ul/kg/d 

+3-hydroxy 

-butyrate 4.1040.18**0.49+0.06** SoG" 265230":
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there was no significant change in the blood glucose level 

compared to the control MAC16 tumour-bearing animals. A 

high level of ketone bodies was present only in the plasma 

of the MCT treated mice (table 18). In both the insulin and 

MCT treated groups the levels of plasma FFA were increased 

compared to the control MAC16 tumour-bearing animals but 

were still significantly reduced compared to the non 

tumour-bearing animals. Fish oil was investigated in vivo 

and completely reversed any weight loss seen in MAC16 tumour 

bearing animals, accompanied by an antitumour effect 

(unpublished results, J. Dhesi). Insulin increased the 

amount of circulatory lipolytic factors in the plasma while 

in contrast fish oil decreased the amount of circulatory 

lipolytic factors (fig 81). However fish oil when in 

combination with MCT had no effect on the levels of 

circulatory lipolytic factors. 

Preliminary experiments into the effects of megestrol 

acetate in cachexia have shown a slight reduction in the 

weight loss caused by the MAC16 tumour (fig 82). Mice 

bearing the MAC16 tumour were given 3.0mg/day Megace for 8 

days. However, the effect was similar to insulin in that it 

caused an increase in tumour growth (fig 82). In addition 

megestrol acetate significantly increased food intake (fig 

83). On increasing the dose of Méegace to 3.0mg/mouse twice 

a day a significant reduction in the weight loss caused by 

the MAC16 tumour was seen (fig 84). The reduction in weight 

loss was again accompanied by an increase in tumour growth 

and an increased fluid and food intake (fig 84 and fig 85). 

The Megace had no significant effect on the plasma meta-
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Figure 81 

Lipolytic activity of plasma from MAC16 tumour 

bearing mice treated with insulin,MCT and/or fish oil 
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difference = p<0.05 compared to control animals bearing the MAC16 

tumour.



S249) = 

Figure 82 

Effect of MEGACE on weight loss 

in mice bearing the MAC16 tumour 
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Figure 83 

Effect of MEGACE on food intake 

of MAC16 tumour-bearing NMRI mice 
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The results are expressed as the Mean+S.E.M. Treatments were 

carried out for 8 days. Number of animals studied was 5 and the 

significant difference *p<0.C5
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Figure 84 

Effect of Megace on weight loss 

‘in mice bearing the MAC16 tumour 
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Figure 85 

Effect of Megace on food intake of 

MAC16 tumour-bearing NMRI mice. 
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Effect of Megace on fluid intake 

of MAC16 tumour-bearing NMRI mice 
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The results are expressed as the Mean+ S.E.M. The number 

of animals used per group were 5 to 10 .



SP SENS 

bolite levels seen in the MAC16 tumour-bearing mice (table 

19). One important feature was the significant increase in 

dry muscle weight. It was also noted that on dissection of 

the muscles they contained abnormally large amounts of 

fluid. This experiment was terminated after three days of 

treatment due to ulceration of tumours in the group 

recieving megestrol acetate. This needs to be studied 

further to identify if it is an effect of the the megace 

that the tumours prematurely ulcerated, again perhaps 

indicating a stimulation of tumour growth. A problem 

encounterd with megestrol acetate was its lack of solubility 

combined with the volume that could be administered 

subcutaneously to a mouse.
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Table 19 

Effect of megace on plasma metabolite levels In male NMAI 

mice bearing the MAC16 adenocarcinoma. 

Tumour Treatment Glucose FFA 

mM mM 

MAC16 s.c 0.9% saline 4.45+0.37 0.36+0.08 

MAC16 s.c 6.0mg/mouse/day 4.16+0.27 0.32+0.05 

Megace 

Effect of megace on body composition of male NMRI 

mice bearing the MAC16 adenocarcinoma 

Tumour Treatment Carcass fat Muscle dry weight 

(g) (thigh+gastrocnemiu 

(g) 

MAC16 s.c 0.9% saline 1.14+0.18 0.084+0.002 

MAC16 s.c 6.0mg/mouse/day 1.61+0.18 0.096+0.004* 

Megace 

The number of animals used per group §5 to 10. 

Results are expressed as the Mean+S.E.M. 

Significant difference *p<0.05. 

Treatments were carried out for 3 days.
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4.7.3 Discussion 

From these in vitro and in vivo results a comparison of 

three diferent types of treatments for cachexia can be made. 

Insulin has been shown to be effective in the 

prevention of weight loss induced by the MAC16 tumour. 

Insulin was also shown to be an effective inhibitor of the 

lipolytic and proteolytic factors produced by the MAC16 

tumour, and this may be the reason for its anticachectic 

effects. Whether insulin reduces the effects of the MAC16 

tumour produced catabolic factors by a direct inhibitory 

effect on the factors, or on their production, or an effect 

on the action of the factors remains unresolved. However, 

insulin inhibits lipase activation in adipose tissue 

(Bjorntorp 1966), and stimulates protein synthesis and 

inhibits protein degradation in isolated rat diaphragms 

(Fulks, Li and Goldberg 1975). There are two disadvantages 

to the use of insulin treatment in cachexia, its stimulation 

of tumour growth and its hypoglycaemic effect on the host. 

We have demonstrated an increase in tumour size after 

administration of exogenous insulin. These results oppose 

the work of Moley et al (1985) who found no stimulation of 

tumour growth in an anorexic model. Recent work from this 

group (Moley et al 1988), however, suggests an increased 

tumour weight in insulin treated animals. A number of 

tumours have been reported to grow faster in diabetic 

animals (Hissin and Hilf 1978, Sauer and Dauchy 1987). 

Insulin is a known stimulator of cell growth and has the 

capacity to increase substrate availability. This may be 

important in the insulin induced tumour growth reported



= 2D Oh 

here. Occasional unexpected deaths occured during the 

insulin treatment presumably due to hypoglycaemic shock. A 

shortened survival of tumour bearing animals receiving long 

term insulin therapy has been reported (Moley et al 1985). 

Thus if insulin therapy was used in the treatment of cancer 

cachexia careful blood glucose monitoring of patients would 

be needed to avoid hypoglycaemic death. 

Substitution of 80% of the calories as MCT was 

sucessful in the prevention of weight loss induced by the 

MAC16 tumour, in agreement with earlier work carried out in 

our laboratory (Tisdale et al 1987). The medium chain 

triglyceride diet increased the plasma level of ketone 

bodies and this is a method of inducing ketosis which is not 

observed in cachectic animals despite rapid depletion of 

adipose tissue (Bibby et el 1987). This treatment can be 

supplemented by addition of the ketone body 

3-hydroxybutyrate to the drinking water. Most tumours have 

a high dependence on glycolysis and it is therefore 

theoretically possible to differentially feed the host and 

not the tumour. Buzby et al (1980) have shown that when fat 

was provided as the prime source of calories to a rat witha 

transplantable mammary carcinoma a more favourable 

host:tumour balance was obtained, when measured by the 

relative rates of growth of each. Another high fat diet 

significantly prolonged the survival of MCA-sarcoma bearing 

rats (Demetrakopoulos and Rosenthall 1982) and prevented 

anorexia in rats implanted with Walker 256 carcinosarcoma 

(Envione and Black 1983). However a high fat diet alone was 

not sufficient to prevent weight loss in NMRI mice since
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replacement by LCT rather than MCT, which had no effect on 

plasma ketone body levels, had no effect on weight loss 

(Tisdale and Brennan, 1988). This was presumably due to 

the fact that in vitro 3-hydroxybutyrate was an effective 

inhibitor of the lipolytic and proteolytic factors produced 

by the MAC16 tumour. An advantage of this treatment was the 

concomitant reduction in tumour size. The circulatory 

levels of FFA were not elevated in these mice fed the high 

fat diets and this may indicate an increased peripheral 

tissue deposition of fat in these animals, which would lead 

to increased catabolism of fat by B-oxidation. It has been 

shown that a decreased oxygen tension was present in tumours 

coupled with a decreased enzymatic capacity to deal with 

ketone bodies (Tisdale and Brennan 1983). Thus utilisation 

of both FFA and ketone bodies by the tumour is minimal and 

so may account for the decrease in tumour size noted. 

Normal tissues would be able to utilize FFA and ketone 

bodies as an energy source and the excess ketone bodies 

would promote nitrogen conservation (Sherwin et al 1975). A 

number of clinical studies have been reported on high fat 

diets in cancer patients. Waterhouse and Nye (1961) showed 

a gain in body weight of patients with metastatic malignant 

disease when given a commercial fat emulsion by i.v 

infusion. These diets were nontoxic and well tolerated by 

the patients. Phinney et al (1983) reported that when 

normal human subjects were fed an 85% high fat diet it was 

well tolerated and there was no impairment of hepatic, 

renal, cardiac or haemopoietic function. Recently a 

clinical study was undertaken to determine the effect of
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systemic ketosis in cachectic cancer patients. A normal 

diet was fed via a nasogastric tube to these patients for 

six days and then an isocaloric ketogenic diet containing 

70% +$.medium chain triglyceride and supplemented with 

3-hydroxybutyrate (4mmol/kg/day) was fed for the next seven 

days. Before the start of nasogastric feeding the patients 

had lost approximately 32% of their pre-illness weight. The 

patients weight did not change significantly during the six 

days they were fed the normal diet. However, their mean 

weight increased by approximately 2kg during the period of 

feeding with the ketogenic diet. Thus the diet was 

sucessful in inducing weight gain in severly cachectic 

patients (Fearon et al 1988). No information on tumour 

growth rate was available from this study. Further clinical 

studies are needed to determine the efficacy of MCT on 

reduction of tumour size. Feeding by nasogastric tube is 

not practical on a large number of outpatients and if MCT is 

put into the clinic as a treatment of cachexia a more 

suitable method of administration is needed. 

Diets enriched in fish oil have been shown to reduce 

both the growth rate and the weight loss produced by the 

MAC16 adenocarcinoma. Replacement of 50% of the calories by 

fish oil was required for optimal activity but the diets 

were well tolerated and no toxicity was observed. The 

effects appear to be specific for the polyunsaturated fatty 

acids found in fish oil as animals fed diets with up to 50% 

of the calories replaced by gamma linoleic acid had no 

effect on tumour size or weight loss (unpublished results 

J.Dhesi). As stated before fish oil consists of
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ecoisapentaenoic acid (EPA) and docosahexaenoic acid (DCH). 

In vitro EPA significantly inhibits the catabolic factors 

produced by the MAC16 adenocarcinoma. Antitumour activity 

of EPA has recently been demonstrated in patients with 

metastatic breast cancer (Holroyde et al 1988) 

Substitution of EPA for arachidonic acid in membrane lipids 

leads to competition for the cyclooxygenase and an 

inhibition of prostaglandin synthesis (Karmali et al 1985), 

which may account for the inhibition of mammary tumour 

growth. The growth of both the MAC13 and MAC16 

adenocarcinomas was inhibited by EPA oil in vivo and the 

lipolytic activity of these tumours was inhibited by EPA in 

vitro. The inhibition of lipolysis in vitro was reversed by 

prior addition of carnitine. Carnitine is a fatty acid 

transporter so it is possible that the factor is necessary 

to provide transport for the fatty acids across the cell 

membrane into the cell. Inhibition of this factor also 

reduces glucose uptake and increases lactate production of 

the cells. Therefore, it is possible that the lipolytic 

factors we have identified in the MAC13 and MAC16 

adenocarcinomas are necessary for tumour growth. Fish oil 

has a good anticachectic and antitumour effect on the MAC16 

adenocarcinoma. At the moment clinical studies of fish oil 

and pure EPA in cachectic cancer patients are being 

considered. It has been shown in male volunteers that the 

absorption of EPA from fish oil was significantly improved 

from 69% to 90% by coinjestion with a high fat meal (Lawson 

and Hughes 1988). Thus clinical studies on the effects of 

EPA need to be designed to account for this variation in
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absorption with meal fat content. 

The MAC16 tumour is generally resistant to conventional 

cytotoxic agents but it was highly responsive to the 

investigational agent flavone acetic acid (FAA) (Bibby et al 

1988). Flavone acetic acid (FAA) is a novel antitumour 

agent under early clinical investigation in Europe and the 

U.S.A. This compound has a significant antitumour effect in 

solid murine tumours (Bibby et al 1987a). Bibby et al 

(1987c) have demonstrated that tumour vasculature may be 

important in the action of FAA as the antitumour effects are 

more marked as the vascular composition of the tumour 

increases. It was noted that the antitumour effects were 

_ accompanied by a control of the tumour associated cachexia. 

Further experiments on the metabolic effects of FAA on the 

tumour and host are needed. Megestrol acetate produced a 

reduction in weight loss induced by the MAC16 

adenocarcinoma. However, this was concomittant with an 

increase in food intake and a stimulation of tumour growth. 

These latter properties are not desirable in a treatment for 

cachexia. It is possible that the megestrol acetate effects 

are due to its steroidal nature. Its anabolic actions would 

cause an increase in appetite and weight gain. The 

increase in muscle weight reported and fluid retention are 

common side effects of progesterones. Thus the 

anti-cachectic properties of Megace may be due to its 

progesterone-like side effects. The stimulation of tumour 

growth could be due to anabolic factors increasing substrate 

availability as with insulin. In aggreement , it has been 

noted in the ongoing clinical study of megestrol acetate
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that there may be a slight stimulation of tumour growth in 

one patient and no regression of tumours has been reported 

(Dr. C. Barton, personal communication). 

To summarise these results the dietary changes seem to 

be the better treatments of cachexia. As both MCT and fish 

oil reduce weight loss with the added advantage of an 

antitumour effect. These diets are well tolerated and non 

toxic to the host. Insulin and megace both have a major 

disadvantage as they increase the size of the tumour. This 

is obviously undesirable in an anticachectic treatment 

(table 20). 

Table 20 

Substance Type of Reduce weight Effect on Effect on 

treatment loss tumour size food intake 

Megace drug yes increased increased 

Insulin drug yes increased none 

3-hydroxy ketone yes none none 

butyrate body 

MCT fat diet yes decreased none 

Fish oil dietary yes decreased none
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Prevention of the cachectic effect of the tumour was 

greater with fish oil than observed with the ketogenic diet. 

Further clinical investigations into the effects of fish oil 

and/or pure EPA in the treatment of cachexia are warranted. 

It is interesting that all of these treatments can be linked 

in vitro to inhibition of the MAC16 tumour produced 

lipolytic and proteolytic factors. This further supports 

the hypothesis that these factors may be responsible for the 

cachexia observed in the host.
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SECTION 5: GENERAL DISCUSSION
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5.0 General discussion 

Evidence presented in section 4 shows that the MAC16 

adenocarcinoma is a good model for the use in the study of 

cancer cachexia. It is analogous to the situation seen in 

cancer patients where host weight loss occurs with only a 

small tumour burden without an effect on food or fluid 

intake. The MAC16 adenocarcinoma has been shown to produce 

circulatory catabolic factors that have lipolytic and 

proteolytic activities in the host. On characterisation of 

the proteolytic factor it was found to be a trypsin-like 

serine protease analogous to the serine protease 

guanidinobenzoatase thought to be involved in tumour 

metastases (Steven, 1988). With further purification and 

charcterisation of these catabolic factors various lipolytic 

and proteolytic factors were identified. The proteolytic 

factors (molecular weight > 150k daltons) were 

distinguishable from the lipolytic factors which appeared 

related and had molecular weights of approximately 3k, 1.5k 

and 0.7k daltons. 

The possible identity of these factors is at the 

present unknown. They are thought to be peptides with 

possibly phosphate groups attached. The larger of the 

peptides may be a complex involving the smaller peptide. A 

metal ion may be involved in this complex as preliminary 

experiments have shown that EDTA can breakdown the 3k 

material to the 0.7k dalton factor.) (1. Mcdevitt, 

unpublished results). It is further hypothesised that the 

lipolytic factors could be small peptides containing a
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common functional molecular grouping directly related to or 

responsible for their lipolytic activity. 

These factors may cause their cachectic actions via 

the adenylate cyclase second messenger system. 

Lipolytic factors of the same molecular weights as 

identified in the MAC16 adenocarcinoma were isolated in 

small amounts in other mnon-cachectic tumour models and in 

the body fluids of tumour-bearing animals and cancer 

patients. These factors were not present in healthy 

individuals before or after a 24 hour fast or in patients 

with other weight losing conditions. 

All treatments for cachexia studied in the MACI16 

adenocarcinoma can be linked in vitro to inhibition of these 

catabolic factors that have been isolated. Thus the 

hypothesis is put forward that these factors may be 

responsible for the cachexia the tumour confers on its host. 

To further substantiate this hypothesis experiments 

have been performed whereby the partially purified lipolytic 

factor was injected intra-peritoneally into non 

tumour-bearing NMRI mice. The mice did experience 

significant weight loss without a significant reduction in 

food or fluid intake compared with no significant weight 

loss seen in control animals injected with 0.9% saline ( H. 

Bailey, unpublished results), although overnight, after 

feeding there was some restoration of weight loss possibly 

due to the resynthesis of triglycerides. Non cachectic 

animals bearing the MAC16 tumour and animals bearing the non 

cachexia-inducing tumour the MAC13 adenocarcinoma were 

injected with partially purified factor. An even greater
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weight loss was seen again with no effect on -food or water 

intake. Thus the tumour may be acting as a sink for the 

free fatty acids broken down from triglycerides (H. Bailey, 

unpublished results). 

These factors appear to be present in all tumours in 

both experimental and human models that have been examined 

in these laboratories. The amount of factor present depends 

on whether the tumour confers cachexia on its host. If this 

factor is present in all tumours it most probably performs 

an essential role in tumour growth. It is possible that the 

factor »is used by the tumour to supply its lipid 

requirements for membrane formation and/or to fuel its 

energy supply. However, why the tumours need such a vast 

quantity of lipids from the host is unknown. Preliminary 

results suggest that the lipolytic factors may stimulate the 

growth of the MAC16 cell line in culture at low 

concentrations but inhibit the growth of cells at high 

concentrations (T. Mcdevitt, unpublished results). Thus 

once isolated the lipolytic factors may provide a specific 

target for antitumour therapy. This would be a novel target 

in that it would preferentially inhibit tumour growth with a 

concomitant treatment of the patients cachexia. 

The aim of future experiments are to completely purify 

the lipolytic factors and to elucidate their structure. 

This may be achieved by using amino acid analysis and/or FAB 

mass spectrometry. As the factors are so small then it 

would be easy to synthesize them and prepare monoclonal 

antibodies . Once this has been achieved the pharmacokinetic 

properties must be studied.
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After isolation, sequencing and synthesis of these 

materials many potential uses can be advocated. The active 

lipolytic factor may be treated as a tumour marker and be 

used for diagnostic purposes, to detect the presence of a 

tumour in a patient at an early stage before any clinical 

diagnosis has been made. It could also be used to monitor 

the progress of the tumour response after treatment. 

Monoclonal antibodies may be employed as part of a 

diagnostic kit. However , a more important use of 

monoclonal antibodies will be as inhibitors or antagonists 

to the active lipolytic factor in human cancer patients. 

They will constitute a therapeutic agent for treating and 

suppressing the symptoms of cachexia. Specific inhibitors 

may be synthesised directly from the known structure of the 

factors and also used in the treatment of cachexia. 

These factors may in addition have a potential 

therapeutic value for use in the controlled treatment of 

obesity in mammals, including humans. The pure active 

substance would be needed to be made up into pharmaceutical 

formulations for administration in any suitable manner (e.g. 

parenterally or orally). 

Obviously in all these cases a lot more work is needed 

before these ideas can be seriously entertained. 

Clinically cachexia is a serious problem and the 

identification of tumour produced factors that may 

contribute to this wasting is an intriguing finding. Solid 

tumours are fairly unresponsive to present chemotherapeutic 

regimens and so the advancement of knowledge of the



=.268)— 

mechanism of tumour cell growth may help improve this 

situation. 

If these factors are essential for tumour growth, then 

the inhibition of their production and/or action may not 

only reverse cachexia but also provide a novel approach to 

the treatment of neoplasms.



yt, ah, SE 

 



- 270 - 

ALBALON, F., (1984) Alzheimers disease and malnutrition: A 
new etiological hypothesis. Medical hypotheses, 15, 385 - 
393. 

AINSENBERG, A.C. and MORNS, H.P. (1961) Energy pathways of 
hepatoma no 5123. Nature, 191, 1314 - 1315. 

AISNER, J., TCHEKMEDYIAN, N.S., TAIT, N., PARNES, H. and 
NOVAK, M. (1988) Studies of high dose megestrol acetate: 
potential applications in cancer cachexia. Seminars in 
Oncology, 15, 68 - 75. 

BAILLE, C.A., ZINN, W.M. and MAYER, J. (1970) Effects of 
lactate and other metabolites on food intake of monkeys. 
Am. J. Physiol., 219, 1606 - 1613. 

BALDUCCI, L. and HARDY, C. (1985) Cancer and malnutrition: 
a critical interaction. Am. J. Hematol., 18, 91 -98. 

BALKWILL, F., OSBOURNE, R., BURKE, F., NAYLOR, S., TALBOT, 

D., DURBIN, H., TAVERNIER, J. AND FIERS, W. (1987) 

Evidence for tumour necrosis factor/cachectin production 
dn cancer. Lancet; 2, 1229 ="1232. 

BANG, H.O., DYERBERG, J. and HJORNE, N. (1976) The 
composition of food consumed by Greenland eskimos. Acta 
Med. Scand., 200, 69 - 73. 

BEUTLER, B., MAHONEY, J., LE TRANG, N., PEKALA, P. and 

CERAMI, A. (1985) Purification of cachectin, a lipoprot 
lipase-suppressing hormone secreted by endotoxin induce 
RAW2647 cells. J. Exp. Med., 161, 981 - 995. 

  

BIBBY, MiC., DOUBLE, J.A., ALI) S.A.,  FEARON; K.C.H:, 
BRENNAN, R.A. and TISDALE, M.J. (1987a) Characterisation of 
a transplantable adenocarcinoma of the mouse colon producing 
cachexia in recipient animals. 7. Nate “Cancer Inst, .67e,, 
539° = 546. 

BIBBY, M.C., DOUBLE, J.A and LOADMAN, P.M. (1988) Unique 
chemosensitivity of MAC16 tumours to flavone acetic acid 
(LM975, NSC347512). Br. J. Cancer, 58, 341 - 344. 

BIBBY, M.C., DOUBLE, J.A., PHILLIPS, R.M. and LOADMAN, P.M. 

(1987b) Factors involved in the anticancer activity of the 
investigational agents LM985 (flavone acetic acid ester) and 
LM975 (flavone acetic acid). Br. J. Cancer, 55, 159 - 163. 

BIBBY, M.C., DOUBLE, J.A., PHILLIPS, R.M., LOADMAN, P.M. and 
GUMMER, J.A. (1988) Experimental antitumour effects of 
flavone acetic acid (LM975). In: Plant flavonoids in 
biology and medicine II: Biochemical, cellular and medicinal 
properties. Alan R. Liss Inc., N.Y. pp. 243 - 246. 

BJORNTORP, F. (1966) Effect of ketone bodies on lipolysis 
in adipose tissue in vitro. J. Lipid Res., 7, 621 - 626.



=o ath 

BOWMAN, W.C. and RAND, M.J. (1980) Subcellular organisation 
and cellular metabolism. In: Textbook of pharmacology, 2nd 
edition. Blackwell Scientific Press. pp 213 - 234. 

BRADFORD, M.M. (1976). A rapid and sensitive method for 
the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal. 
Biochem, 72, 248 - 254. 

BRAUN, A.C. (1977) History of the tumour problem. In: The 
story of cancer. Addison-Wesley publishing Co. pp. 3-5. 

BRENNAN, M.F. (1977) Uncomplicated starvation versus cancer 
cachexia. Cancer Res., 37, 2359 - 2364. 

BROWN, B.L., ALBANO, J.D.M., EKINS, R.P., and SCHERZI, A.M. 
(1971) A simple and sensitive saturation assay method for 
the measurement of adenosine 3'5'-cyclic monophosphate. 
Biochem. “d., 121,79 561 - 562. 

BUZBY, G.P., MULLEN, J.L., STEIN, T.P., MILLER, E.E., HOBBS, 
c.L. and ROSATO, E.F. (1980) Host-tumour interaction and 
nutrient supply. Cancer, 45, 2940 - 2948. 

CALMAN, K.C. and FEARON, K.C.H. (1986) Methods in 
nutritional support for cancer patients. in: Clinics” in 
oncology,’ Vol.) 5," no. 2. Nutritional support for the 
cancer patient. (Eds. Calman, K.C. and Fearon, K.C.) W.B. 
Saunders Co., London. pp. 317 - 337. 

CERAMI, A., IKEDA, Y., LE TRANG, N., HOTEZ, P.J. and 
BEUTLER, B. (1985) Weight loss associated with an 
endotoxin-induced mediator from peritoneal macrophages: the 
role of cachectin (tumour necrosis factor). Immunology 
detterss 1155173 =) 177-. 

CHALMERS, T.M., KEKWICK, A. and PAWAN, G.L.S. (1958) On the 
fat-mobilising activity of human urine. The Lancet, April 
issue, 866 - 869. 

CHALMERS, T.M., PAWAN, G.L.S. and KEKWICK, A. (1960) 
Fat-mobilising and ketogenic activity of urine extracts: 
relation to corticotrophin and growth hormone. The Lancet, 
July issue, 6 - 9. 

CHANEY, A.L. and MARBACK, E.P. (1962) Modified reagents for 
the determination of urea and ammonia. Clin. Chem., 8, 130 
Sas 5). 

CHAPMAN, P.B., LESTER, T.J., CASPER, E.S., GABRILOVE, J.L., 
WONG, G.Y., KEMPIN, S.J., GOLD, P.J., WELT, S., WARREN, 
R.S., STORES, H.V., SHERWIN, S.A., OLD, L.J. and OTTEGEN, 
H.F. (1987) Clinical pharmacology of human tumour necrosis 
factor in patients with advanced cancer. J. Clin. Oncol., 
5, 1942 - 1951.



= 2722= 

CLOWES, G.H.A., GEORGE, M.D., VILLEE, C.A. and SARAVIS, C.A. 
(1983) Muscle proteolysis induced by a circulating peptide 
in patients with sepsis or trauma. New England J. Med., 
308, 545 - 552. 

COHN, S.H., VARTSKY, D. and VASWANI, A.N. (1982) Changes in 
body composition of cancer patients following combined 
nutritional support. Nutrition and cancer., 4, 107 - 119. 

CONYERS, R.A.J., NEED, A.G., DURBRIDGE, T., HARVEY, N.D.M., 
POTEZNEY, N. and ROLE, A.M. (1979) Cancer ketosis and 
parenteral nutrition. Med. J. Aust., 1, 398 - 404. 

COSTA, G. (1963) Cachexia, the metabolic component of 
neoplastic disease. Prog. Exp. Tumor Res., 3, 321 - 369. 

COX, R.P. and GHOSH, N.K. (1978) Current concepts in the 
ectopic production of fetal proteins and hormones by 
neoplastic cells. Am. J. Med. Sci., 275, 232 - 248. 

CURRERI, P.W. and LUTERMAN, A. (1978) Nutritional support 
of the burned patient. Surg. Clin. N. Amer., 58, 1151 - 
L156: 

DAYER, J.M., BEUTLER, Bland CERAMI, A. (1985) 
Cachectin/tumour necrosis factor stimulates collagenase and 
prostaglandin £, production by human synovial cells and 
dermal fibroblasts. J. Exp. Med., 162, 2163 - 2168. 

DEMETRAKOPOULOS, G. and ROSENTHAL, A. (1982) Prolonged 
survival of MCA-sarcoma bearing rats fed with a low 
carbohydrate diet. Proc. Am. Assoc. Cancer Res., 23, 10 
ark ae 

DEWYS, W.D. (1979) Anorexia as a general effect of cancer. 
Cancer, 43, 2013 - 2019. 

DEWYS, W.D. (1985) Management of cancer cachexia. Seminars 
in oncology, 12, 452 - 460. 

DEWYS, W.D. (1986) Weight loss and nutritional 
abnormalities in cancer patients: Incidence, severity and 
significance. In: Clinics» in) oncology, Vol. <5, no. 2% 
Nutritional support for the cancer patient. (Eds. Calman, 
K.C. and Fearon, K.C.) W.B. Saunders Co., London. pp. 251 
=e ZOe 

DEWYS, W.D., BEGG, C., LAVIN, P.T., BAND, P.R., BENNETT, 
J.M., BERTINO, J.R., CONEN, M.H., DOUGLASS, H.D. and 
ENGSTRON, P.F. (1980) Prognostic effect of weight loss 
prior to chemotherapy in cancer patients. Am. J. Med., 69, 
49 == 497% 

DEWYS, W.D. and HERBST, S.H. (1977) Oral feeding in the 
nutritional management of the cancer patient. Cancer Res., 
37, 2429 - 2431.



=27 36 

DRESDEN, M.H., HEILMAN, S.A. and SCHMIDT, J.D. (1972) 

Collagenolytic enzymes in human neoplasms. Cancer Res., 32, 
993 - 996. 

DUNCOMBE, W.G. (1964) Modified FFA wako original enzymatic 
kit «Clin. chime Acta S)e122)set24" 

EMERY, P.W., LOVELL, L. and RENNIE, M.J. (1984) Protein 
synthesis measured in vivo in muscle and liver of cachectic 
tumour-bearing mice. Cancer Res., 44, 2779 - 2784. 

ENVIONE, E.B. and BLACK, C.D. (1983) High fat total 
parental nutrition in tumour-bearing rats. Fed. Proc., 42, 
1070 = 4077. 

FAWCETT, J.K. and SCOTT, J.E. (1960) A rapid and precise 
method for the determination of urea. J. Clin. Pathol., 
13) 156. 

FEARON, K.C.H., BORLAND, W., PRESTON, T., TISDALE, M.J., 
SHENKIN, A. and CALMAN, K.C. (1988) Cancer cachexia: 
influence on systemic ketosis on substrate levels and 
nitrogen metabolism. Am. J. Clin. Nutr., 47, 42 - 48. 

FERRIER, N.I., PASCUAL, J., CHARLTON, B.G., WRIGHT, C., 
LEAKE, A., GRIFFITHS, H.W., FAIRBAIRN, A.F. and EDWARDSON, 

J.A. (1988) Cortisol, ACTH and dexamethasone concentrations 
in a psychogeriatric population. Biol. Psychiatry, 23, 252 
= 260. 

FETERIS, W.A. (1965) A serum glucose method without protein 
precipitation. Am. J. Med. Technol., 31, 17 -19. 

FISHER, A. (1946) Mechanism of the proteolytic activity of 
malignant tissue cells. Nature, 157, 442. 

FLETCHER, M.J. (1968) A colorimetric method of estimating 
serum triglycerides. Clin. Chim. Acta, 22, 393 - 396. 

FRAKER, D.L. and NORTON, J.A. (1987) Reversal of the toxic 
effects of cachectin by insulin. Surg. Forum, 38, 18 - 20. 

FREDERICK, G.L. and BEGG, RW (1956) A study of 
hyperlipidemia in the tumour-bearing rat. Cancer Res., 16, 
948. =. 553. 

FULKS, R.M., LI, J.B. and GOLDBERG, A.L. (1975) Effects of 
insulin, glucose and amino acids on protein turnover in rat 
diaphragm. J. Biol. Chem., 250, 290 - 298. 

GALON, R.M., DOVIGO, P. and GAMBAROTTO, L. (1988) A 
reexamination of the effects induced by adenosine and its 
degradation products on rat fat cell lypolysis. Biochem. 
Pharmacol., 37, 3215 - 3220.



a a 

GILMAN, A.G. (1970) A protein binding assay for adenosine 
3'5'-cyclic monophosphate. Proc. Natl. Acad. Sci. 
Uc8.An, 67), - 005) soda. 

GOLD, J. (1968) Proposed treatment of cancer by 
inhibition of gluconeogenesis, Oncology, 22, 185-207. 

GOLD, J. (1978) Potentiation by clofibrate of in vivo 
tumour inhibition by hydrazine sulphate and cytotoxic agents 
in Walker 256 carcinosarcoma. Cancer Biochem. Biophys., 3, 
41 - 45. 

  

GREGORY, D., COHEN, S.C., OINES, D.W. and MIMS, C.H. (1985) 
Megestrol acetate therapy for advanced breast cancer. J. 
Cling) Oncoll= 32, 155 — 166. 

GUIMAN, I. and WAHLEFIELD, A.W. (1974) L-(+)-lactate 
determination with lactate dehydrogenase and NAD. In: 
Methods of enzymatic analysis, Vol. 3. (Eds. Bergmeyer, 
H.U.). Academic press, pp. 1464 - 1468. 

HALL, J.C. (1979) The cachexia of cancer. Biomedicine, 30, 
287 22. 

HARBURGER, A.W., PARNES, H., GORDON, G.B., SHATZ, L.M. and 
O'DONNELL, K.A. (1988) Megestrol acetate induced 
differentiation of 3T3-11 adipocytes in vitro. Semi-Oncol., 
15, 76 -78. es eet 

HARDY, C., WALLACE, C., KHANSUR, T., VANCE, R.B., THIGPEN, 
J.T. and BALDUCCI, L. (1986) Nutrition, cancer and aging: 
an annotated review. J.A.G.S., 34, 219 - 228. 

HARNET, W.L. (1952) A survey of cancer in London. British 
Empire Cancer Campaign, London. pp. 26 

HARVEY, K.B., BOTHE, A., BLACKBURN, G.L.(1979).Nutritional 
assessment and patient outcome during oncological therapy. 
Cancer, 43, 2065 - 2069. 

HAWKINS, R.A., ALBERTI, K.G.M.M., HOUGHTON, C.R.S., 
WILLIAMSON, D.H. and KREBS, H.A. (1971) The effect of 
acetoacetate on plasma insulin concentration. Biochem. J., 
225, 541 .=-544., 

HAZARD, M.C., CLAVET, M., CHAPIGNAC, A. and PANS, J. (1987) 
Effects of progestogens on lipemia and lipolysis in rat: 
effects on progesterone, megestrol acetate, novethindrone 
acetate and nomegestrol acetate. Fundam. Clin. 
Pharmacol., 4, 233 - 242. 

HEBER, D., BYERLEY, L.O., CHI, J., GROSVENOR, M., BERGMAN, 
R.N., COLEMANN, M. and CHLEBOWSKI, Ree (1986) 
Pathophysiology of malnutrition in the adult cancer patient. 
Cancer, 58, 1867 - 1872.



ol Deere 

HEINEGARD, D. and TIDERSTROM, G. (1973) Determination of 
serum creatinine by a direct colorimetric method. Cline 
Chim. Acta. 43, 305. 

HESTON, L.L. (1977) Alzheimers disease, trisomy 21, and 
myeloproliferative disorders: association suggesting a 
genetic diathesis. Science, 196, 322 - 326. 

HICKMAN, D.A., MILLER, Roa ROMBEAN, J.L.(1980). 
Serum albumin and body weight as predictors of 
postoperative course in colorectal cancer. JPEN, 4, 314- 
36). 

HISSIN, P.J. and HIIF, R. (1978) Effects of insulin in vivo 
and in vitro on amino acid transport into cells for the 
R3230AC mammary adencarcinoma and their relationship to 
tumour growth. Cancer Res., 38, 3646 - 3650. 

HOLLANDER, D.M., EBERT, E.C., ROBERTS, A.I. and DEVEREUX, 

D.F. (1987) Effects of tumour type and burden on carcass 
lipid depletion in mice. Surgery, 100, 292 - 297. 

HOLROYDE, C.P. and REICHARD, G.A. (1981) Carbohydrate 
metabolism in cancer cachexia. Cancer Treat. Report, 65, 
Soe 58 

HOLROYDE, C.P., GABUZDA, T.G., PUTNAM, R.C., PONUL, A. and 
REICHARD, G.A. (1975) Altered glucose metabolism in 
metastatic carcinoma. Cancer Res., 35, 3710 - 3714. 

HOLROYDE, C.P., SKUTCHES, C.L. and REICHARD, G.A. (1988) 
Effect of dietary enrichment with n-3 polyunsaturated fatty 
acids (PUFA) in metastatic breast cancer. Proc. Soc. 
Clin, JOncol., 7,42) = 746 

HYVARINEN, A. and NIKKILA, E. (1962) Specific determination 
of blood glucose with o-toluidine. Clin. Chem. Acta., 7, 
140 - 144 

JAIN, R.K., SHAH, S.A. and FINNEY, P.L. (1984) Continuous 
non-invasive monitoring of pH and temperature in rat Walker 
256 carcinoma during normoglycaemia. JeNaColeg: [Sye0 429 = 
436. 

JOHNSON, D.E., KAESLER, K.E. and AYALA, A.G. (1975) 
Megestrol acetate for treatment of advanced carcinoma of the 
prostate. (J sStrg: Oncol., 77; 9 — 15°. 

JURKOWSKI, J.J. and CAVE, W.T. (1985) Dietary effects of 
maheda oil on the growth and membrane lipid composition of 
rat mammary tumors. J Natl. Cancer Inst., 74, 1145 - 1150. 

KARMALI, R.A. MARSH, J. and FUCHS, C. (1984) Effect of w-3 
fatty acids on growth of a rat mammary tumor. J. Natl. 
Cancer Inst., 73, 457 - 461.



eG 

KARMALI, R.A., REICHEL, P., COHEN, L.A., TERAO, T., HIRAI, 
A., TAMURA, Y. and YOSHIDA, S. (1987) The effects of 
dietary w-3 fatty acids on the DU-145 transplantable human 
prostatic tumor. Anticancer Res., 7, 1173 - 1180. 

KESSLER, G. and LEDERER, H. (1966) Fluorometric measurement 
of triglycerides. In: Automation in analytic chemistry. 
(Ed. Skeggs, L.T.). Mediad Inc., N.Y¥., pp. 341 - 344. 

KISNER, D., HAROSH, May BLECHER, M., HALLER, D., 
JACOBS, E., PETERSON, B. and SCHEIN, Pe (1978) 
Malignant cachexia: Insulin resistance and insulin 
receptors. Proc. Am. Assoc. Cancer Res., 19, 199. 

KITADA, S., HAYS, E.F. and MEAD, J.F. (1980) A lipid 
mobilising factor in serum of tumour-bearing mice. Lipids, 
iS), tes" — 174. 

KITADA, S., HAYS, £E.F. and MEAD, J.F. (1981) 
Characterisation of a lipid mobilising factor from tumours. 
Progress in lipid research, 28, 823 - 826. 

KITADA, S., HAYS, E.F. and MEAD, J.F. (1982) Lipolysis 
induction in adipocytes by a protein from tumour cells. J. 
Cellular Biochem., 20, 409 - 416. 

KNOX, L.S. (1983) Nutrition and cancer. Nursing clinics of 
North America, 18, 97 - 109. 

KOKAL, W.A. (1986) Effects of antineoplastic therapy on 
nutritional status: surgery, chemotherapy and radiotherapy. 
in: Clinies ain ‘oncology, ‘Vol. Denote ae Nutritional 
support for the cancer patient. (Eds. Calman, kK.C. and 
Fearon, K.C.). W.B. Saunders Co., London. pp. 277 - 293. 

KORT, W.J., WEIJMA, I.M., BIJMA, A.M., VAN SCHALKWIJK, W.P., 
VERGROESEN, A.J. and WESTBROCK, D.L. (1987) w-3 fatty acids 
inhibiting the growth of a transplantable rat mammary 
adenocarcinoma. J. Natl. Cancer Inst., 79, 593 - 599. 

KRAUSE, R., JAMES, J.H., HUMPHREY, C. and FISCHER, J.E. 
(1979) Plasma and brain amino acids in Walker 256 
carcinosarcoma-bearing rats. Cancer Res., 39, 3065 - 3069. 

LAMBERT, B., AUBLIN, J.L., CHAMPION, S., HAYE, B. AND 
JACQUERI, C. (1985) Comparative effects of cholera and 
bordetella pertussis toxins on cyclic AMP and GTP levels and 
on lipolysis in rat adipocytes incubated in vitro. FEBS, 
18170 390 1395. ae 

LAMBOMBARDI, V.J., SHAN, E., DI STEFANO, J.F., BECK, G., 
BROWN, F. and ZUCKER, S. (1983) Isolation of a trypsin-like 
serine protease from the membranes of Walker 256 
carcinoma-sarcoma cells. Biochem. J., 211, 695 - 700.



CA 

LAWSON, L.D. and HUGHES, B.G. (1988) Absorption of 
eicosapentaenoic acid and docosahexaenoic acid from fish oil 
triacylglycerols or fish oil ethyl esters co-injected with a 
high fat meal. Biochem. Biophys. Res. Commun., 156, 960 
- 963 

LAZO, P.A. (1985) Tumour-host metabolic interaction and 
cachexia. FEBS lett., 187, 189 - 192. 

LAZO, P.A. and SOLS, A. (1980) Energetics of tumour cells 
and enzymic basis of aerobic glycolysis. Biochemical 
Society Transactions, 8 (5), 579. 

LIEBELT, R.A., LIEBELT, A.G. and JOHNSTON, H.M. (1971) 
Lipid mobilisation and food intake in experimentally obese 
Mice bearing transplanted tumours (35924). Proc. Soc. 
Exp. Biol. Med., 138, 482 - 490. 

LINDSEY, A.M. (1986) Cancer cachexia: Effects of the 
disease and its treatment. Seminars in oncology nursing, 2, 
19-297 

LONDOS, C., COOPER, D.M.F., SCHLEGEL, W. and RODBELL, M. 
(1978) Adenosine analogs inhibit adipocyte adenylate 
cyclase by a GTP-dependent process: Basis for actions of 
adenosine and methylxanthines on cyclic AMP production and 
lipolysis. “Proc. ‘Natl. Acad... Sci., 75, 5362 - 5366. 

LONNROTH, P. and SMITH, U. (1986) The antilipolytic effect 
of insulin in human adipocytes requires activation of the 
phosphodiesterase. Biochem. Biophys. Res. Commun., 141, 
2257 — 12617 

LOWRY, O.H., ROSEBROUGH, N.J., FARR, A.L. and RANDALL, R.J. 
(1951) Protein measurement with the folin phenol reagent. 
J. Biol. Chem. 9293, 265 = 275. 

LUNDHOLM, K., EDSTROM, S., KARLBERG, I., EHMAN, L. and 
SCHERSTEN, T. (1980) Relationship of food intake, body 
composition and tumor growth to host metabolism in 
non-growing mice with sarcoma. Cancer Res +; 40;3.2515 5— 
2522. 

LUNDHOLM, K., EDSTROM, S., KARLBERG, JI., EHMAN, L. and 
SCHERSTEN, T. (1982) Glucose turnover gluconeogenesis from 
glycerol and estimation of net glucose cycling in cancer 
patients. Cancer, 50, 1142 - 1150. 

MACLENNAN, W.J., MARTIN, P. and MASON, B.J. (1975) Causes 
for reduced dietary intake in a long-stay hospital. Age and 
ageing, 4, 175 - 180. 

MAGEE, B.A., POTEZNEY, N., ROLE, A.M. and CONYERS, R.A.J. 
(1979) The inhibition of malignant cell growth by ketone 
bodies.) JasEzp. Bilolas Meds (seis, 57,529) = 1539.



- 278 - 

MAHONY, S.M., BECK, S.A. and TISDALE, M.J. (1988) 

Comparison of weight loss induced by recombinant tumour 
necrosis factor with that produced by a cachexia-inducing 
tumour. Br. J. Cancer, 57, 385 - 389. 

MAHONY, S.M. and TISDALE, M.J. (1988) Induction of weight 
loss and metabolic alterations by human recombinant tumour 
necrosis factor. Br. J. Cancer, 58, 345 - 349. 

MAHONY, S.M. AND TISDALE, M.J. (1989) Reversal of 
weight loss induced by tumour necrosis factor-alpha. 
Cancer letters, in press. 

MASON, A.D. (1979) Weight loss in burned patients. J. 
Trauma, 19, 903 - 904. 

MASUNO, H., YAMASAKI, N. and OKUDA, H. (1981) Purification 
and characterisation of lipolytic factor (toxohormone-L) 
from cell-free fluid of ascites sarcoma 180. Cancer Res., 
41, 284 = 288. 

MASUNO, H., YOSHIMURA, H., OGAWAQ, N. and OKUDA, H. (1984) 

Isolation of lipolytic factor (toxohormone-L) from ascites 
fluid of patients with hepatoma and its effect on feeding 
behaviour. Eur. J. Cancer Clin. Oncol., 20, 1177 - 1185. 

MELLANBY, J. and WILLIAMSON, D. (1974) Acetoacetate. In: 
Methods of enzymatic analysis, Vol. 4. (Eds. Bergmeyer, 
H.U.). Academic press, pp. 1840 - 1843 

MIDER, G.B. (1951) Some aspects of nitrogen and energy 
metabolism in cancerous subjects: A review. Cancer Res., 
4177821 °—3829- 

MIDER, G.B., TESLUK, H. and MORTON, J.J. (1948) Effects of 
Walker 256 carcinoma on food intake, body weight and 
nitrogen metabolism of growing rats. Acta Un. Int. 
Cancer, 6, 409 -420. 

MOLEY, J.F., MORRISON, S.D. and NORTON, J.A. (1983) Effects 
of exogenous insulin administration on food intake, body 
weight change and tumour doubling time. Surg. Forum, 34, 
ois 9Si. 

MOLEY, J.F., MORRISON, S.D. and NORTON, J.A. (1985) Insulin 
reversal of cancer cachexia in rats. Cancer Res., 45, 4925 
aot. 

MOLEY, J.F., PEACOCK, J.E., MORRISON, S.D. and NORTON, J.A. 
(1985) Insulin reversal of cancer-induced protein loss. 
Surg. Forum, 36, 416 - 419. 

MORRISON, S.D. (1973) Control of food intake during growth 
of a Walker 256 carcinosarcoma. Cancer Res., 33, 526 - 528.



= (270 

MORRISON, S.D. (1976) Control of food intake in cancer 
cachexia. A challenge and a tool. Physiol. Behav., 17, 
FOS =714, 

MORRISON, S.D. (1982) Feeding response of tumor bearing 
rats to insulin and insulin withdrawal and the contribution 
of autonomous tumor drain to cachectic depletion. Cancer 
Res., 42, 3642 - 3647. 

NATHANSON, L. and HALL, T.C. (1974) A spectrum of tumours 
that produce paraneoplastic syndromes. Lung tumours: how 
they produce their syndromes. Ann. N.Y. Acad. Sci., 230, 
3678) 377, 

NEWSOME, T.W., MASON, A.D. and PRUITT, B.A. (1973) Weight 
loss following thermal injury. Ann. Surg., 178, 215 - 217. 

NIXON, D.W., LAWSON, D.H., KUTNER, M., ANSLEY, J. and 
SCHWARZ, M. (1981a) Hyperalimentation of the cancer patient 
with protein-calorie undernutrition. Cancer Res., 41, 2038 
- 2045. 

NIXON, D., MOFFITT, S. and LAWSON, D.H. (1981b) Total 
parenteral nutrition as an adjunct to chemotherapy of 
metastatic colorectal cancer. Cancer Treat. Rep., 65, 121 
= TE285, 

NORTON, J.A., MOLEY, J.F., GREEN, M.V., CARSON, R.E. and 
MORRISON, S.D. (1985) Parabiotic transfer of cancer 
anorexia/cachexia in male rats. Cancer Res., 45, 5547 - 
5552. 

O'CONNOR, T.P., ROEBUCK, B.D., PETERSON, F. and CAMPBELL, 
TC. (1985) Effect of dietary intake of fish oil and fish 
protein on the development of L-azaserie-induced 
preneoplastic lesions in rat pancreas. J. Natl. Cancer 
Inst., 75, 959 - 962. 

OLIFF, P., DEFEO-JONES, D., BOYER, M., et al (1987) Tumours 
secreting human TNF/cachectin induce cachexia in mice. 
Cedi s0; S55 562. 

OTTOSON, R. and SYLVEN, Be (1960) Changes in the 
dipeptidase and acid proteinase activities in blood plasma 
of mice carrying ascites tumours. Arch. Biochem. 
Biophys., 87, 41 - 45. 

OWEN, O.E., MORGAN, A.P., KEMP, H.G., SULLIVAN, J.M., 
HERRERA, M.G. and CAHILL, G.F. (1967) Brain metabolism 
during fasting. J. Clin. Invest., 46, 1589 - 1595. 

PALAIOGLOGOS, G. and FELIG, P. (1976) Effects of ketone 
bodies on amino acid metabolism in isolated rat diaphragms. 
Biochem. J., 154, 709 - 716.



25 One 

PASQUIER, Y.N., PECQUERY, R. and GIUDICELLI, Y. (1988) 
Increased adenylate cyclase catalytic activity explains how 
estrogens "in vivo" promote lipolytic activity in rat white 
fat cells. ~ Biochem. Biophys. Res. Commun., 154, 1151 - 
1159. 

PHINNEY, S.D., BISTRIAN, B.R., WOLFE, R.R. and BLACKBURN, 
G.L. (1983) The human metabolic response to chronic ketosis 
without caloric restriction. Physical and biochemical 
adaption. Metabolism, 32, 757 - 768. 

PRICE, S.R., MIZEL, S.B. and PEKALA, P.H. (1986) Regulation 
of lipoprotein lipase synthesis and 3T3-L1 adipocyte 
metabolism by recombinant interleukin 1. Biochim. Biophys. 
Acta, 8897374)- 381. 

PRYOR, J. and  BERTHET, is (1960) The action of 
adenosine 3', 5'-monophosphate on the incorporation of 
leucine into liver proteins. Biochim. Biophys. Acta., 43, 
SGC = 85575 

QUIGLEY, J.P. (1979) Proteolytic enzymes of normal and 
malignant cells. In: Surfaces of normal and 1 
cells. Haynes, R. Chichester, Wiley. pp 247 - 285. 

malignant 

  

RENNIE, M.J., EDWARDS, R.H.T., EMERY, P.W., HALLIDAY, D., 
LUNDHOLM, K. and MILLWARD, D.J. (1983) Depressed protein 
synthesis is the dominant characteristic of muscle wasting 
and cachexia. Clin. Physiol., 3, 387 - 398. 

RIVLIN, R.S., SHU, M.E. and SHERLOCK, P. (1983) Nutrition 
and cancer. Am. J. Med., 75, 843 - 848. 

ROBINSON, G.A., BUTCHER, R.W. and SUTHERLAND, E.W. (1971) 
Cyclic AMP. Academic press. 

ROFE, A.M., CONYERS, R.A.J., BAIS, R., GAMBIE, J.R. and 

VADAS, M.A. (1987) The effects of recombinant tumour 
necrosis factor (cachectin) on metabolism in isolated rat 
adipocytes, hepatocytes and muscle preparations. Biochem. 
Ja) 247 7890-792. 

SAUER, L.A. and DAUCHY, R.T. (1987) Stimulation of tumour 
growth in adult rats in vivo during acute streptozolocin- 
induced diabetes. Cancer Res., 47, 1756 - 1759. 

SCHEIN, P.S., KISNER, D., HALLER, D., BLECHER, M. and 
HAROSH, M. (1979) Cachexia of malignancy: Potential role of 
insulin in nutritional management. Cancer, 43, 2070 - 2076. 

SHAMBERGER, R.J. (1984)Cancer cachexia. In:Nutrition and 
cancer. Plenum press. pp.353-366.



= 201 

SHERMAN, M.L., SPRIGGS, D.R., ARTHER, K.A., IMAMURA, K., 
FREIL, E. and KUFE, D.W. (1988) Recombinant human tumour 
necrosis factor administered as a five day continuous 
infusion in cancer patients: Phase I toxicity and effect on 
lipid metabolism. J. Clin. Oncology, 6, 344 - 350. 

SHERWIN, R.S., HENDLER, R.G. and FELG, P. (1975) Effect of 
ketone infusions in amino acid and nitrogen metabolism in 
man. 9. Clin. Invest., 55, 1382 = 1390. 

SINGH, S., MULLEY, G.P. and LOSOWSKY, M.S. (1988) Why are 
Alzheimer patients thin ? Age and ageing, 17, 21 - 28. 

SLOT, C. (1965) Plasma creatinine determination. A new and 
specific Jaffe reaction method. Scand. od. clin. Lab. 
Invest..,.17, 381 = 384. 

SOCHER, S.H., MARTINEZ, D., CRAIG, J.B., KUHN, J.G. and and 
OLIFF, A. (1988)Tumour necrosis factor not detectable in 
patients with clinical cancer cachexia. J. Natl. Cancer 
inst, (80, 595 — 597. 

STEIN, es (1978) Cachexia, gluconeogenesis and 
progressive weight loss in cancer patients. J. Theoret. 
Biol., 73, 51 - 59. 

STEVEN, F.S. and GRIFFIN, M.M. (1988) Inhibitors of 
guanidinobenzoatase and their possible role in _ceil 
Migration. Biol. Chem. Hoppe-seyler., 369, 137 - 143. 

STEVEN, F.S., GRIFFIN, M.M., FREEMONT, A.J. and JOHNSON, J. 
(1988) Inhibition of guanidinobenzoatase: Evidence for 
multiple forms of this protease on different tumour cells. 
J. Enzyme’ Inhibition, 2, 117 - 127. 

STEVEN, F.S., GRIFFIN, M.M., WONG, T.L.H. and YASMIN, R. 
(1987) Further inhibition studies on guanidinobenzoatase, a 
trypsin-like enzyme associated with tumour cells. J. Enzyme 
Inhibition, 1 , 187 - 201. 

STOVROFF, M.C., FRAKER, D.L., SWEDENBORG, J.A. and NORTON, 
J.A.(1988) Cachectin/tumour necrosis factor: A possible 
mediator of cancer anorexia in the rat. Cancer Research, 
48, 4567-4572. 

STRAIN, A.J., EASTY, G.C. and NEVILLE, A.M. (1980) 
Anexperimental model of cachexia induced by a xenografted 
human tumor. J. Natl. Cancer Inst., 64, 217 - 221. 

TCHEKMEDYIAN, N.S., TAIT, N., MOODY, M., and AISNER, J. 
(1987) High dose megestrol acetate: A possible treatment for 
cachexia. JAMA, 257, 1195 - 1198. 

TCHEKMEDYIAN, N.S., TAIT, N., MOODY, M., GRECO, F.A. and 
AISNER, J. (1986) Appetite stimulation with megestrol 
acetate in cachectic cancer patients. Seminars in oncology, 
13, 37 - 43.



=) 282 — 

THEOLOGIDES, A. (1972) Pathogenesis of cachexia in cancer: 
a review and a hypothesis. Cancer, 29, 484 - 488. 

THEOLOGIDES, A. (1976) Anorexia-producing intermediary 
metabolites. Am. J. Clin. Nutr., 29, 552 - 558. 

TISDALE, M.J. (1982) Tumour and host nutrition. Cancer 
HOpICS,. 3, tise tly. 

TISDALE, M.J. (1986) The future: nutritional pharmacology. 
In: Clinics in oncology, Vol. 5 nO 12s Nutritional 
support for the cancer patient. (Eds. Calman, kK.C. and 
Fearon, K.C.). W.B. Saunders Co., London. pp. 381 - 407. 

TISDALE, M.J. and BRENNAN, R.A. (1983) Loss of acetoacetate 
coenzyme A transferase activity in tumours of peripheral 
tissues. Br. J. Cancer, 47, 293 - 297. 

TISDALE, M.J. and BRENNAN, R.A. (1988) A comparison 
of long-chain triglycerides and medium-chain triglycerides 
on weight loss and tumour size in a cachexia model. Br. 
J. Cancer, 58, 580- 583. 

TISDALE, M.J., BRENNAN, R.A. and FEARON, K.C. (1987) 
Reduction of weight loss and tumour size in a cachexia model 
by a high fat diet. Br. J. Cancer, 56, 39 - 43. 

TORTI, F.M., DIECHMANN, B., BEUTLER, B., CERAMI, A. and 
RINGOLD, G.M. (1985) A macrophage factor inhibits adipocyte 
gene expression: an in vitro model of cachexia. Science, 
229, 867) —s000) S San 

TRACEY, K.J., WEI, H., MONOGUE, K.R., FONG, Y., HESSE, D.G., 
NGUYEN, H.T., KUO, G.C., BEUTLER, B., COTRAN, R.S., CERAMI, 
A. and LOWRY, S.F. (1988) Cachectin/ tumour necrosis factor 
induces cachexia, anaemia and inflammation. J. Exp. Med., 
L167, 22th = 2227; 

VERLOES, R., ATASSI, G., DUMONT, P. and KANAREK, L. (1978) 

Tumour growth inhibition mediated by trypsin inhibitor or 
urokinase inhibitor. Europ. J. Cancer, 114, 23 - 31. 

VUK-PAVLOVIC, S., OPARA, E.C., LEVANAT, S., VRBANEC, D. and 
PAVELIC, K. (1986) Autocrine tumour growth regulation and 
tumour-associated hypoglycaemia in murine melanoma B16 in 
vivo. Cancer Res., 46, 2208 - 2213. i 

WAAGE, A., ESPEVIK, T. and LAMVIK, J. (1986) Detection of 
tumour necrosis factor-like cytotoxicity in serum from 
patients with septicaemia but not from untreated cancer 
patients. Scand. J. Immunol., 24, 738 - 743. 

WAIT, R.B. (1973) Megestrol acetate in the management of 
advanced endometrial carcinoma. Obstet. Gynecol., 4, 129 - 
136.



eaeos — 

WARREN, S. (1932) The immediate cause of death in cancer. 
Am. J. Med. Sci., 184, 610 - 615. 

WATERHOUSE, C. (1974) How tumours affect host metabolism. 
Anne EN. (Acad: |Scei,, 23077 66 =" 93). 

WATERHOUSE, C., JEANPETRE, N. and KEILSON, J. (1979) 
Gluconeogenesis from alanine in patients with progressive 
malignant disease. Cancer Res., 39, 1968 - 1972. 

WATERHOUSE, C. and NYE, W.H.R. (1961) Metabolic effects of 
infused triglycerides. Metabolism, 10, 403 - 414. 

WATERHOUSE, J., MUIR, C., CORREA, P. and POWELL, J. (1976) 
Cancer incidence in five continents: Vol 3. Internantional 
agency for research on cancer, Lyon, France. 

WEBER, G. (1982) Differential carbohydrate metabolism in 
tumour and host. In: Molecular interactions of nutrition 
and cancer. (Eds. Arnott, M.S., Vaneys, J. and Wang, 
Y.M.). Raven press, N.Y. 

WEIL, R. and STETTEN, D. (1947) The urinary excretion of a 
fat-metabolising agent. J. Biol. Chem, 168, 129- 132. 

WHITE, D.A., MIDDLETON, B. and BAXTOR, M. (1984) Hormones 
and metabolic control. Arnold press. 

WIELAND, O. (1974) Glycerol. u.v. method. In: Methods of 
enzymatic analysis, Vol. on (Eds. Bergmeyer, H.U.). 
Academic press, pp. 1404 - 1409. 

WILLIAMSON , D.H. and MELLANBY , J. (1974) D=(=)- 
3-hydroxybutyrate. In: Methods of enzymatic analysis, Vol. 
4. (Eds. Bergmeyer, H.U.). Academic press, pp. 1836 - 
1839.



 



= 200 

APPENDIX 1 

RAT & MOUSE BREEDING DIET 10mm [422] 

Calculated Analysis 
  

  

  

Nutritional Information Vitamins & Trace Elements 
  

Added by Supplementation 

      

  

Crude Of % 4.12 tron mg/kg 50.00 
Crude Protein % 20.29 casera 2 a Copper mg/kg 5.00 
Total Ash % 8.99 Manganese mg/kg 50.00 

zine mo/ko 15.00 
lodine mg/kg 0.50 

Neutral Detergent Fibre % 188 
Hemicellulose % 13.1 Coca ma7ko : 
Acid Detergent Fibre % 57 Selenium meg/kg 

Starch % 36.11 
Sugars % 3.04 

Gross Energy Mi/kg -18.9988 
Digestible Energy Mi/kg 13.3073 
Metabolisable Energy = Mi/kg 11.8298 

Essential Fatty Acids % 1.4462 

U/kg 15000.00 
u/kg 2000.00 

ocp % 16.6995 Wane pork 70.00 
Lysine % 0.9828 Vitamin K mg/kg 10.00 
Methionine % 0.3521 
Methionine & Cystine % 0.6255 wheem Bt men eae 

Threonine % 0.6469 Vitamin 82 ma/ka 8.00 
Tryptophan % 0.1975 Vitamin BS marae 7.80 
Argenine % 1.1844 tenntath peea ies 

Folic Acid mo/ko 2.00 
Calcium : iene Nicotinic Acid mo/ko 12.00 
Phosphorus 1.0940 
Available Phosphorus % oases Pantothenic Acid mo/kg 15.00 

Sodium % 0.2770 Choiine Chioride mg/kg 1000.00 
Potassium % 0.5816 ‘otis 
Sait (NaCo % 0.6083 oe veers e000 
Magnesium % 0:05 Vitamin C mo/kg : 

Notes 

1 The specifications quoted above are those at the time of printing and are only intended as a guide. Changes in 
conditions will alter, thus effecting the values given above. When this occurs it will be recorded on the bag laber 
ammended extended analysis sheet will be issued 

total calculated values. 

‘@ the amounts added by suppiementation. 

Vatues in the left hand set of figures 

  

   
Figures for trace elements and vitamin 

1 MJ = 239.006 Keal 

110 of Vitamin A = 0.344 mcg pure Vitamin A Acetate. 

11 of Vitamin D = 0.025 meg pure Vitamin 02/03 

11 of Vitamin E = img OL Alpha Tocopherol Acetate. 

Further analytical information can be provided for batches as an extended analysis. er
n 
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APPENDIX 2 
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Research and the 2"¢ Association of Cancer 
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2. S.A. Beck and M.J. Tisdale (March 1988) 

Circulatory lipolytic factors in cancer cachexia. 
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Research and the 34 Association of Cancer 
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3. M.J. Tisdale and S.A. Beck (May 1988) 

Cachectic factors produced by human and animal tumours. 

79th annual meeting of the American Association for 
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4. S.A. Beck and M.J. Tisdale (1989) 

Effect of insulin and ketone bodies on tumour growth and 

host body weight in a cachexia model. 

Joint meeting of the 30th British Association for Cancer 

Research and the 4th Association of Cancer 

Physicians, Glasgow, U.K.
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1. S.A. Beck and M.J. Tisdale (1987) 

Production of lipolytic and proteolytic factors by a 

murine tumour-producing cachexia in the host. 

Cancer Research, 41, 5919-5923) 

2. S.M. Mahony, S.A. Beck and M.J. Tisdale (1988) 

Comparison of weight loss induced by a recombinant tumour 

necrosis factor with that produced by a cachexia- 

inducing tumour. 

British Journal of Cancer, S77 385-389. 

3. S.A. Beck and M.J. Tisdale (March 1989) 

Effect of insulin on weight loss and tumour growth in a 

cachexia model. 

British journal of cancer, in press. 

4. S.A. Beck and M.J. Tisdale (March 1989) 

Nitrogen excretion in cancer cachexia and its 

modification by a high fat diet. 

Cancer Research, in press. 

PATENT: 

Biologically active preparations characterised by catabolic 

activity associated with cachexia-inducing tumours 

production and uses thereo
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Cachectie factor(s) produced by the MAC 16 adenocarcinoma 

R.A. Brennan. S.A. Beck & MJ. Tisdale 

CRC Experimental Chemotherapy Group. Department of 
Pharmaceutical Sciences, Aston University, Birmingham B4 
7ET, UK. 

The MAC 16 is a transplantable colon adenocarcinoma 

which produces extensive weight loss in tumour-bearing 
animals without a reduction in food or water intake. In 
males a 0.6g tumour will produce 33% loss of body weight 
within 35 days of tumour transplantation. Body composition 
analysis shows a progressive decrease in adipose tissue and 
muscle mass without a change in body water. While plasma 
glutamine levels are elevated 25% in tumour-bearing animals 
the plasma concentrations of most other amino acids 
including glycine are reduced by 30-40% and thus the 
situation differs from chronic malnutrition. Cell-free extracts 
of the MAC 16 tumour cause a release of free fatty acids 
(FFA) from mouse fat pads while extracts from two colon 
carcinomas. which do not produce cachexia in recipient 
animals. MAC 13 and MACISA, have no effect on FFA 
release. The FFA releasing activity of the MAC 16 tumour is 
dramatically reduced after acid or heat treatment. Cell-free 
extracts of the MAC 16 tumour also cause an enhanced 
release of amino acids from mouse diaphragm, while extracts 
from MAC 15A do not. These results suggest that the 
cachexia produced by the MAC 16 tumour may be due to 
the presence of a tumour-associated catabolic factor. 

Circulatory lipolytic factors in cancer cachexia. 
S.A. Beck and M.J. Tisdale, CRC Experimental Chemotherapy 
Group, Pharmaceutical Sciences Institute, Aston University, 
Birmingham B4 7ET 

We have utilised a transplantable colon adenocarcinoma of the mouse 
(MAC16) as a model of human cancer cachexia. This tumour produces 
extensive weight loss in the host at small tumour burdens (about 2% of the 
total body weight) and without a reduction in either food or water intake. 
Weight loss is associated with a decrease in both carcass fat and muscle 
mass which is directly proportional to the weight of the tumour. Weight 
loss in this murine model has been correlated with the production by the 
tumour of both lipolytic and proteolytic factors, which are present in the 
circulation. Both factors respond to normal metabolic control and are 
inhibited by insulin and 3-hydroxybutyrate. Using DEAE cellulose chromato- 
graphy and gel filtration the lipolytic and proteolytic factors have been 
shown to be distinct and to be separable into a number of fractions. Serum 
from cancer patients with extensive weight loss shows an elevated 
lipolytic activity when compared with normal subjects. Fractionation of 
serum from cancer patients using ion exchange chromatography shows 
evidence of lipolytic activity which elutes at the same ionic strength as 
that produced by the MAC16 tumour, while serum from normal control 
subjects contains no peaks of lipolytic activity in the same position. 
This raises the possibility that cachexia in both animals and humans may 
be due to circulatory lipolytic factors.
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Cachectic Factors produced by Human and Animal Tumours. 
M.J. Tisdale and S.A. Beck, Cancer Research Campaign 
Experimental Chemotherapy Group, Pharmaceutical Sciences 
Institute, Aston University, Birmingham 84, 7ET, U.K. 

A transplantable mouse colon adenocarcinoma (MACI6) 
produces a progressive decrease in the carcass weight of 
the host, which is directly proportional to the tumour 
burden, and is associated with a decrease in both 
carcass fat and lean body mass. In males weight loss 
reaches 33% when the tumour represents just 2% of the 
total body mass. The weight loss is not associated with 
a decrease in either food or water intake or with the 
production of tumour necrosis factor. 

We have measured glycerol release from mouse epidi- 
dymal adipocytes and amino acid release from mouse 
diaphragm to investigate the possibility of Ifpolytic 
and proteolytic factors which may be responsible for the 
cachexia. This has shown the presence of tumour 
associated lipolytic and proteolytic factors which are 
released into the circulation. Insulin and 3-hydroxy- 
butyrate both suppress the lipolytic and proteolytic 
activity of tumour extracts. Using DEAE cellulose and 
exclusion chromatography the lipolytic and proteolytic 
factors have been shown to be distinct and resolvable 
into a number of fractions. The lipolytic factor appears 
to be a polypeptide of MW 3K. Sera from patients with 
cancer cachexia have an elevated Mpolytic activity when 
compared with controls. Using DEAE cellulose chromato- 
graphy {t can be shown that the lfpolytic factors 
Produced by cancer patients elute at the same fonic 
strength as those produced by the MACI6 tumour and that 
moreover normal serum contains no corresponding 
fractions of lipolytic activity. These results suggest 
that cachexia in both experimental animals and humans 
may be due to the production of circulatory catabolic 
factors by the tumour. 

EFFECT OF INSULIN AND KETONE BODIES ON TUMOUR GROWTH AND 
HOST BODY WEIGHT IN A CACHEXIA MODEL. S.A. Beck and M.J. 

Tisdale. CRC Experimental Chemotherapy Group, Pharmaceutical Sciences 
Institute, Aston University, Birmingham B4 7ET. 

We have utilized the MAC16 adenocarcinoma of the mouse colon as an 
experimental model of human cachexia where weight loss occurs without a 
reduction in food or water intake. Weight loss produced by the MAC16 
tumour is characterized by a loss of body fat and muscle dry weight, 
which increases in direct proportion to the tumour burden, and is 
associated with the presence of circulatory catabolic factors, which 
degrade host muscle and adipose tissue in vitro. Both insulin and 3- 
hydroxybutyrate inhibit the lipolytic and proteolytic activity in vitro, 
and thus a comparison has been made between the effects of daily insulin 
injections and a ketogenic diet on weight loss and tumour growth in the 
MAC16 model. Weight loss was significantly reduced by both a ketogenic 
diet (80% of calories supplied jas mega um chain triglyceride) and by 
administration of 20U insulin kg day~* without an alteration in either 
water consumption or total calorie intake. At the end of the experiment 

the tumour weight in animals fed a ketogenic diet was significantly 

lower than those consuming the normal laboratory diet, while in animals 

treated with insulin the tumour weight was 50% greater than controls. 

The enhancement of tumour weight by insulin was prevented by the 

concurrent administration of sodium 3-hydroxybutyrate. Both carcass fat 

and muscle dry weight were elevated in animals fed the ketogenic diet or 

administered insulin when compared with controls. These results suggest 

that both insulin and ketone bodies are effective in prevention of 

weight loss in cancer cachexia, but that insulin administration may be 
associated with an enhanced tumour growth rate.
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Production of Lipolytic and Proteolytic Factors by a Murine Tumor-producing 
Cachexia in the Host' 

Susan A. Beck? and Michael J, Tisdale 
CRC Experimental Chemotherapy Group, Pharmaceutical Sciences Institute, 4st0n University, Birmingham B4 7ET, United Kingdom 

ABSTRACT 

Animals given transplants of the MACI6 colon adenocarcisoma show 
4 progressive decrease in carcass weight as the tumor size increases 
withost a reduction ia either uid or caloric intake when compared with 
non-tumor-bearing coatrois. There is 1 decrease in both carcass fat and 
muscle mass which is directly proportional to the weight of the tumor. 
In male animals weight loss occurs when the tumor mass comprises more 
than 0.3% of the body weight and reaches 30% when the tumor represents 
3% of the body weight. 

‘There is evidence for the production by the tumor of both lipolytic and 
proteolytic factors, which may be responsible for the cachexia, since two 
related mouse adenocarcinomas, which do not produce weight loss, have 
little lipolytic or proteolytic activity. The lipolytic factor is nondialyzable 
and is destroyed by both beat and acid. Both insulin and 3-bydroxybu- 
tyrate suppress the lipolytic activity of the tumor extract. The MACI6 

tumor also contains a serine protease, the activity of which is also 
completely abolished by insulin and 3-hydroxybutyrate. Animals bearing 
the MACI6 tumor have an elevated plasma lipolytic and proteolytic 
activity when compared with nou-tumor-bearing controls, suggesting a 
peripheral effect of the tumor products. The catabolic factors elaborated 
by the MACI6 adenocarcinoma may be responsible for the loss of both 

the fat and noafat carcass mass, but they 4o respond to sormal metabolic 
controls. 

INTRODUCTION 

Cancer cachexia involves a massive loss of body weight, with 
extensive breakdown of both body fat and skeletal muscle, often, 
although not always, accompanied by anorexia (1). Many pa- 
tients display a significant weight loss as their first symptom of 
neoplasia (2) with a small primary tumor often less than 0.01% 
of the total body weight (3). It is, therefore, unlikely that the 
tumor simply competes with the host for available nutrients. 

Theologides (4) has proposed that peptides, oligonucleotides, 
or other metabolites produced by cancer cells are responsible 
for alterations in the metabolic patterns of the host. There is 
some evidence for the role of circulatory factors in the etiology 

of cancer anorexia/cachexia. A parabiotic preparation of a rat 
sarcoma, for which there was no evidence of metastases or 
endocrine function, provided evidence for the humoral trans- 
mission of an anorectic/cachectic factor (5). A lipid-mobilizing 
substance (toxohormone-L) has been isolated from tumor ex- 
tracts and body fluids of patients and animals with tumors (6). 
Injection of toxohormone-L into the lateral ventricle of rats 
significantly suppressed food and water intake (7). Further 
evidence for a lipid-mobilizing factor was found in the serum 
of tumor-bearing AKR mice (8), although this has not been 
characterized. A substance immunochemically cross-reactive 
with insulin is produced by B16 melanoma cells growing in 

diabetic and nondiabetic mice and is correlated with a decreased 
concentration of circulatory glucose and an elevated concentra- 
tion of growth hormone in the blood (9). Recently a macrophage 
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product, cachectin (tumor necrosis factor), which inhibits lipo- 
protein lipase activity in peripheral tissues, has been suggested 
to orchestrate the complex metabolic changes that lead to 

cachexia (10). 
As an experimental model of cachexia we have utilized a 

transplantable colon adenocarcinoma (MAC16) passaged in 
NMRI mice (11), This tumor produces extensive host weight 
loss at tumor burdens less than 1% of the host weight and 
without a drop in caloric intake. Since host weight loss occurs 
with such a small tumor mass it is unlikely that the tumor 
simply competes with the host for available nutrients. This 
raises the possibility of the production of catabolic factors by 
the tumor, which act to degrade host muscle and fat stores. 

MATERIALS AND METHODS 

Animals. Pure strain male BALB/c and NMRI mice were purchased 
from Banting and Kingman, Hull, United Kingdom, and were fed a rat 
and mouse breeding diet (Pilsbury, Birmingham, West Midlands, 
United Kingdom) and water ad libitum. Fragments of the MACI6 
tumor (1 x 2 mm) were implanted in the flanks of NMRI mice by 
means of a trocar as described (11). The doubling time of this tumor is 
about 6 days (11). Tumors were removed 14 to 42 days after transplan- 
tation when the tumor weighed between 0.1 and 0.6 g. Tumors were 
removed before weight loss exceeded 40%. The tumors were homoge- 
nized at 4°C in Krebs-Ringer bicarbonate buffer, pH 7.6 (1 mi/0.1 g of 
tumor), and centrifuged for 10 min at 3000 rpm to remove debris. The 
supernatant was used for the determination of lipolytic and proteolytic 
activity. Aliquots were also stored at ~20°C without loss of activity, 
although repeated freezing and thawing destroyed the effect. The pro- 
tein content of tumor extracts was determined by the method of Lowry 

et al. (12). Plasma samples were obtained from freely fed animals and 
blood was removed between 10 and 11 am. 

Fragments of the MAC13 tumor (obtained from Dr. J. Double, 
University of Bradford, United Kingdom) were also implanted in the 

flank of male NMRI mice. This tumor has a doubling time of 7 days 
and there is no weight loss during the growth of the tumor. MACISA 

cells were grown in tissue culture in RPMI 1640 medium under an 
atmosphere of $% CO; in air. This tumor is derived from an ascites 
tumor which grows in NMRI mice without weight loss and was obtained 
from Dr. M. Bibby, University of Bradford, United Kingdom. MACISA 

cells can be transplanted into mice from tissue culture to produce a 
tumor which is the same as the original. Blood was removed from 
animals by cardiac puncture under anesthesia using a mixture of halo- 
thane, oxygen, and nitrous oxide by way of a heparinized syringe. 

Body Composition Analysis. The gastrocnemius and thigh muscles 
from the left hind leg of the carcass were carefully dissected out and 
weighed, together with the tumor. Each carcass plus muscles were 

heated at 80°C until a constant weight was achieved. Carcasses were 
then reweighed and the water content was determined from the differ- 
ence between the wet and dry weights. Total carcass fat was determined 
by the method of Lundholm et al. (13). 

Determination of Lipolytic Activity. Male BALB/c mice were killed 
by cervical dislocation and their epididymal adipose tissue was quickly 
removed and minced in Krebs-Ringer bicarbonate buffer, pH 7.6. 
Approximately S0-100 mg of the adipose tissue were incubated with 
tumor supernatants in a total volume of 0.25 ml of the Krebs-Ringer 
buffer. Controls containing adipose tissue and buffer alone were in- 
cluded in each experiment and the spontaneous release of FFA? was 

The abbreviation used is: FFA, free fatty acids. 
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subtracted from the values obtained with tumor present. Incubations 
were continued for up to 2 h at 37°C and the FFA concentrations in 
the cell-free supernatants were determined immediately using a Wako 
NEFA C kit (Alpha Laboratories, Ltd., Hampshire, United Kingdom). 

Determination of Proteolytic Activity. Male BALB/c mice were killed 
by cervical dislocation and the diaphragms were carefully dissected out, 
blotted, cut im half, and weighed; each half was placed in a stoppered 
vial containing 0.75 ml Krebs-Ringer bicarbonate buffer and gassed for 
20s with $% CO,  Preincubations were carried out for 30 min at 

  

   
further 2 h at 37°C. Incubations were terminated by mixing 0.5 ml of 
the assay mixture with 0.12$ ml of cold $0% trichloroacetic acid, 
mixing, and centrifuging for 10 min at 3000 rpm. The supernatants 
were neutralized with 1 N NaOH snd 200 ul of the neutralized sample 
were mixed with 1 ml of ninhydrin reagent and held in a boiling water 
bath for 20 min; after dilution to $ mi with n-propanolyl alcohol:water 
(1:1), the concentration of amino acids was determined spectrophoto- 
metrically at $70 nm. The spontaneous release of amino acids from the 
diaphragms in the absence of any additions was subtracted from the 
final readings. 

To determine the proteolytic activity of plasma samples $0 ul of 
plasma were added to 0.7 mi of Krebs-Ringer bicarbonate buffer con- 
taining 0.5 mm cycloheximide to inhibit protein synthesis and incubated 
with the half-diaphragms for 2 h as above. Controls containing no 
diaphragm were subtracted from the final readings to eliminate the free 
amino acids present in plasma samples. 

Statistical Analyses. Statistical evaluations were accomplished with 
the use of analysis-of-variance techniques, with individual means com- 
pared by Student's f tests. 

RESULTS 

Animals given transplants of the MACI6 adenocarcinoma 
show a progressive decrease in carcass weight as the tumor size 
increases (Fig. 1). The average food intake in tumor-bearing 
animals (15.1 + 0.6 (SE) kcal/day] is not significantly different 
from that in non-tumor bearing animals (14.9 + 0.9 kcal/day|. 
Also tumor-bearing animals have the same water intake (4.6 + 
0.27 ml/day) as do controls (4.8 + 0.16 ml/day). In male mice 
the tumor must reach a weight of 0.1 g in a 30-g animal before 
any weight loss occurs, but thereafter weight loss is directly 
proportional to tumor weight (correlation coefficient, 0.91). 
Weight loss is associated with a decrease in both carcass fat 
(Fig. 2) and muscle dry weight (Fig. 3) which again decrease in 
direct proportion to the weight of the tumor. Loss of body fat 
exceeds that of muscle by about 13 times for a given weight of 
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Fig. |. Relationship between carcass weight loss (total body weight minus 
tumor weight) produced by the MACI6 tumor and tumor weight. The results 
were fitted to a linear model by a least squares analysis (r = ~0.91). Each point represents the results from an individual ani 

  

119 

0,59}    
   

0295 oz 04 0s 08 1 
Tumor werght (g) 

Fig 2. Relationship between total body fat (excluding tumor) and weight of the MACI6 tumor. The results were fitted to 4 linear model by means of a least sauares analysis (r= —0,93), Each point represents the results from an individaal anit 
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Fig. 3. Relationship between thigh and gastrocnemius muscle dry weight and weight of the MACI6 tumor, The results were fitted to a linear model by means of a least squares analysis (r = -0.65),   
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Fig. 4. Rate of production of FFA from mouse fat pads by MAC16 tumor homogenate, A cell-free preparation of the MACI6 tumor was prepared as described in “Materials and Methods.” and a fraction (2.6 mg of protein) was incubated with 200 mg of epididymal adipose tissue, and the rate of release of 
FFA was determined as described in “Materials and Methods.” 

a 30 

The direct correlation between body compartment sizes and 
the tumor burden suggests the possibility that tumor-derived 
Products are responsible for the cachexia. To investigate the 
Possible production of lipolytic factors, crude tumor superna- 
tants were incubated with epididymal adipose tissue and the 
release of FFA into the medium was assayed. Extracts of the 
MACIG6 tumor caused an enhanced release of FFA, which 
increased linearly with the time up to 4 h (Fig. 4). As a control 
cell-free extracts were prepared from two other colon adeno- 
carcinomas, MAC13 and MAC1S5A, neither of which produces 
cachexia in recipient animals. The rate of release of FFA by 
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         (¢ of release of FFA from mouse epididymal adipose tissue by tumor 
8, MACISA tumor homogenate: C, MACI3 

    

per 
assay, E, MACI6 tumor homogenate plus 8 mm sodium 3-hydroxybutyrate; F, 
MACI6 tumor homogenate plus 10 units insulin plus 8 mm sodium 3-hydroxy- 
butyrate; G, MACI6 tumor homogenate plus | mm indomethacin; H, MACI6 
tumor homogenate plus | mm propranalol; /, MAC16 tumor homogenate plus 
0.$ mm phenylmethylsulfony! fluoride: J, 15.4 mm NaCl; K, MACI6 tumor 
homogenate plus 15.4 mm NaCk: L, MACI6 tumor homogenate plus | mg/ml 

  

   
trypsin imhibitor. The results are expressed as means of 3-13 determinations; 
bars, SE. B.C, D, E, F, P< 0.001 from A by Student's £ test. 
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Fig. 6. Regression analysis of the relationship between the total tumor content 
of lipolytic activity and the total carcass fat. The resuits fit a multiplicative mode! 
(r= 0.975). 
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Fig. 7. Rate of release of amino acids from mouse diaphragms by tumor 
homogenates. 4, MACI6 tumor, 8, MACISA tumor, C, MACI3 tumor, D, 10 
units insulin per assay: E, MACI6 tumor homogenate plus 10 units insulin; F, 8 
‘mo sodium 3-hydroxybutyrate: G, MAC16 tumor homogenate plus 8 mm sodium 
Shydroxyburyrate; H, 10.4 mm NaCl; J, MAC16 tumor homogenate plus 10 mv 
sodium chloride: J, $ mm sodium Shydroxybutyrate plus 10 units insulin; K, 
MACI6 tumor homogenate plus 10 units insulin plus 8 mm sodium 3-hydro: 
butyrate; L, 0.5 mo phenyimethyisulfony! fluoride; M, MAC16 tumor homog- 
enate plus 0.$ mm phenylmethylsulfonyl fluoride: V, trypsin inhibitor (1 mg/ml); 
0, MACI6 tumor homogenate plus | mg/ml trypsin inhibitor, The results are 
expressed as means of 3-13 determinations: bars, SE. B, C, D, E. FG, H. L, M. 
N,p<0.001 from A. 0, p< 0.05 from A. B, C, D. F, J,.N, p <0.001 from control 
by Student's ¢ test. 
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Fig. 8. Regression analysisof the relationship between the total tumor content 
of proteolytic activity and the thigh and gastrocnemius muscle dry weights. The 
results fit a multiplicative model (r= 0.932). 
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these tumor extracts was less than one-third of that produced 
by the MAC16 tumor (Fig. 5). The lipolytic activity associated 
with the MACI6 tumor was nondialyzable and was destroyed 
by both heat and acid (Fig. 5). Neither propanolol nor indo- 
methacin at concentrations of up to 1 mM in the incubation 
assay had any significant effect on the lipolytic activity of the 
MACI6 tumor extract. Inhibition of proteolysis by the trypsin 
inhibitor or phenylmethylsulfonyl fluoride did not reduce li- 
polysis by tumor extracts. Lipolysis induced by the MACI6 
tumor was significantly reduced by both insulin and 3-hydrox- 
ybutyrate and almost completely abolished by a combination of 
the two. Regression analysis of the relationship between the 
total tumor concentration of lipolytic activity and the carcass 
fat obeys a multiplicative mode! (Fig. 6). This shows a large 
decrease in carcass fat with relatively low levels of lipolytic 
activity but that large amounts of activity are required for total 
depletion of body fat stores. Plasma from tumor-bearing ani- 
mals has twice the lipolytic activity (1.29 + 0.04 »mol FFA/h/ 
ml of plasma) of control animals (0.63 + 0.05 umol FFA/h/ml 
of plasma) (P < 0.001), and from animals bearing the MAC13 
tumor (0.596 umol FFA/h/ml of plasma). This shows that the 
MACI16 tumor produces a circulatory lipolytic factor. 

Cell-free extracts of the MAC16 tumor also caused an en- 
hanced release of amino acids from mouse diaphragm, while 
extracts of the MAC13 and MAC1S5A tumors did not (Fig. 7). 
The proteolytic activity was completely abolished by both in- 
sulin and 8 mM sodium 3-hydroxybutyrate but not by 10 mm 
sodium chloride. Partial suppression was obtained with the 
trypsin inhibitor and complete suppression with 0.5 mm phen- 
ylmethylsulfonyl fluoride, heat, and acid. Neither RNase, 
DNase, nor e-aminocaproic acid (10 mg/ml) had any effect on 
proteolytic activity. Regression analysis of the relationship be- 
tween the total tumor proteolytic activity and the thigh and 
gastrocnemius muscle dry weights also obey a multiplicative 
model (Fig. 8). 

Plasma from tumor-bearing animals had significant proteo- 
lytic activity (15.50 + 4.41 nmol amino acids released/g dia- 
phragm/2 h/ml plasma) while plasma from control animals 
had no proteolytic activity association with it (P < 0.001), and 
plasma from animals bearing the MAC13 tumor had low pro- 
teolytic activity (3.12 + 2.91 nmol amino acids released/g 
diaphragm/2 h/ml plasma). This shows that the MAC16 tumor 
produces a circulatory proteolytic factor which may be respon- 
sible for some of the systemic effects. 

DISCUSSION 

The MACI6 is considered to be a good model of human 
cachexia, since host weight loss occurs with small tumor masses, 
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in analogy to the situation in humans where the tumor burden 
rarely exceeds 5% of the total body weight. In male mice weight 
loss begins when the MAC16 tumor exceeds 0.3% of the total 
body weight and reaches 30% when the tumor mass reaches 3% 
of the host body weight. In female mice host weight loss is 
more extensive, reaching 40% of the total body weight with a 
tumor burden of only 2.5%. There are very few experimental 
models of cachexia where weight loss occurs with such small 
tumor burdens. Strain et a/. (14) have reported a human hyper- 
nephroma which produces greater than 25% weight loss in 
xenografted animals at tumor weights less than 5% of the total 
body weight, but most experimental tumors have to reach 20 
to 40% of the total body weight before the symptoms of cachexia 
begin to appear. The tumor described in this report differs from 
that reported previously (11) in that weight loss occurs with 
much smaller tumor masses. This is due to the selection of an 
even more cachectic tumor during the transplantation. 

Weight loss also occurs without a reduction in either caloric 
or fluid intake. Production of such an extensive weight loss 
with such a small tumor burden suggests that the tumor is not 
merely competing with the host for available nutrients. Also 
the total weight loss and the decrease of both body fat and 
skeletal muscle mass are directly proportional to the size of the 
tumor suggesting the production by the tumor of cachectic 
factors. 

There is some evidence for the production of lipolytic sub- 
stances by tumor cells, which appear to be independent of a 
host response. The evidence presented suggests a lipolytic factor 
produced by the MACI6 tumor, which is present in the circu- 
lation. Although as yet uncharacterized the lipolytic activity 
possibly differs from that described by Masuno et al. (7) which 
caused a suppression of food and water intake. The effects are 
also unlikely to be due to the production of cachectin (tumor 
necrosis factor) by tumor-associated macrophages, since there 
is no evidence of tumor necrosis factor elevation in the serum 
of mice bearing the MACI6 tumor or in MAC16 tumor ex- 
tracts.* 

The lipolytic substance appears to be specific for cachexia- 
inducing tumors, since two closely related colon adenocarci- 
nomas, the MAC13 and MACISA, neither of which produce: 
cachexia in vivo, have a greatly reduced lipolytic activity when 
compared with the MAC16 tumor. The lipolytic factor is most 
probably a protein since it is nondialyzable, is destroyed by 
both heat and acid, and is not a prostaglandin since indometh- 
acin has no effect on FFA release at concentrations up to 1 
mo. Release of FFA is also not due to nonspecific proteolysis, 
since neither the trypsin inhibitor nor phenylmethylsulfonyl 
fluoride cause a significant reduction in lipolysis. Insulin is a 
very potent antilipolytic hormone and dramatically reduces the 
lipolytic activity of the MAC16 tumor extract. Ketone bodies 
are formed from excess FFA in the liver during starvation and 

high ketone body levels have been suggested to directly reduce 
lipolysis in adipose tissue (15). In the present experiments 3- 
hydroxybutyrate was shown to suppress the lipolytic activity of 
the MAC16 tumor and this effect was synergistic with insulin. 
The lipolysis produced by the tumor extract does respond to 
normal physiological stimuli. The presence of the lipid-mobi- 
lizing factor in the plasma of tumor-bearing mice suggests that 
lipolytic is not a local effect but that the tumor produced a 
circulatory factor to mobilize the host lipids, which may be 
required for tumor growth. The factor appears to be different 
from adrenaline, produced during fasting, since propranalol has 

  

*S, Mahoney and M. J. Tisdale, unpublished results. 

no effect on lipid mobilization by the MAC16 tumor extract. 
In addition to the loss of adipose tissue, animals given trans- 

plants of the MAC16 tumor show a decrease of skeletal muscle 
mass. Wasting of skeletal muscle has been attributed to de- 
pressed protein synthesis (16) but may also arise from an 
increased rate of catabolism. An increased proteolytic activity 
is often associated with the presence of malignant growth and 
has been implicated in the loss of growth control, invasiveness, 
and metastasis of tumors (17). Lazo (18) has suggested that the 
requirement by the tumor for essential amino acids, particularly 
leucine, leads to breakdown of the muscle stores. Although the 
MACI6 tumor does not show any evidence for metastasis, 
extracts of the tumor show the presence of proteolytic activity 
when measured by the rate of release of amino acids from 
mouse diaphragm as a model of skeletal muscle. The proteolytic 
activity appears to be confined to the MAC16 tumor since the 
two non-cachexia-inducing tumors, MAC13 and MACI5A, 
prevented rather than accelerated the release of amino acids 
from the mouse diaphragms. The amino acid release could not 
simply be attributed to leakage of materials from the intracel- 
lular pools since spontaneous release is inhibited by both insulin 
and 3-hydroxybutyrate and both insulin and 3-hydroxybutyrate 
completely inhibit the proteolytic activity of the MAC16 tumor 
fraction. The effect of sodium 3-hydroxybutyrate appears spe- 
cific since sodium chloride has no effect on either spontaneous 
or induced release of amino acids from the diaphragms. Using 
a similar system Fulks et al. (19) showed that insulin stimulated 
protein synthesis and inhibited protein degradation while Pa- 
laioglogos and Felig (20) showed that ketone bodies decreased 
proteolysis in isolated rat diaphragms. The fact that insulin 
inhibits both the lipolytic and proteolytic activities of tumor 
homogenates may explain the ability of insulin to reverse ex- 
perimental cancer cachexia (21). Phenylmethyisulfony! fluo- 
ride, while having no effect on spontaneous hydrolysis, com- 
pletely inhibited the induced release of amino acids by the 
MAC16 tumor extract, suggesting that the latter elaborates a 
serine protease. Part of the proteolytic activity can be attributed 
toa trypsin-like enzyme, since partial suppression of proteolytic 
activity was achieved with the trypsin inhibitor. A trypsin-like 
serine protease has also been shown to be produced by Walker 
256 carcinoma cells (22). That the proteolytic activity is not 
due to a plasminogen activator is shown by the lack of inhibition 
by «-aminocaproic acid. The presence of the proteolytic factor 
in the plasma of tumor-bearing mice suggests proteolysis is not 
a local effect but that the MAC16 tumor produces a circulatory 
proteolytic factor. 

Thus the cachectic effect of the MAC16 tumor appears to 
arise from the production by the tumor of catabolic factors. 
Further characterization of these factors is in progress. 
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Comparison of weight loss induced by recombinant tumour necrosis 
factor with that produced by a cachexia-inducing tumour 

S.M. Mahony, S.A. Beck & MJ. Tisdale 

CRC Experimental Chemotherapy Group. Pharmaceutical Sciences Institute, Aston University, Birmingham B4 7ET. UK 

Sammary A comparison has been made of the cachectie effects produced by the transplantable munne 
adenocarcinuma of the mouse colon (MACI6) with tumour necrosis factor-z (cachectin). Tumour necrosis 
factor-2 (TNF-2) produced a dose-related weight reduction that was accompanied by a decrease in both food 
and water intake. The degree of weight loss was directly proportional to the decreased food and water intake 
In contrast weight loss produced by the MACI6 tumour occurred without a reduction in fluid or nutnent intake, Both the MACI6 tumour and TNF-z produced hypoglycaemia and 4 reduction in the circulatory level 
of free fatty acids (FFA), but had opposite effects on the level of plasma triglycerides with the MACI6 
tumour-induced cachexia causing a decrease and TNF-x producing an increase. The MACI6 tumour 
elaborated a lipolytic factor which caused an immediate release of FFA from adipose tissue. In contrast TNF-2 had no effect on mobilization of adipose triglycerides over a short time period. Both TNF-a and extracts 
from the MACI6 tumour caused an enhanced release of amino acids from mouse diaphragm. which was 
‘suppressible with indomethacin and heat labile. No TNF was detected in the MACI6 tumour or in the serum 
of tumour-bearing animals, Both tumour and non-tumour-bearing animals responded with a similar elevation 
of their serum TNF levels 90min after a single injection of endotoxin. It is concluded that weight loss 
produced by TNF-z arises from an anorexic effect and that this differs from the complex metabolic changes 
associated with cancer cachexia, 

  

We have been investigating a chemically induced. 
transplantable adenocarcinoma of the colon (MACI6). 
passaged in inbred NMRI mice as an experimental model of 
cachexia (Bibby et a/,, 1987). This tumour produces weight 
loss at small tumour burdens (<1% of the host weight) and 
without a reduction in the intake of either food or water 
The weight loss. which is directly proportional to the tumour 
weight. is associated with a decrease in both carcass fat and 
muscle dry weight (Beck & Tisdale, 1987). The cachectic 
effect of the tumour has been attributed to the production of 
both lipolytic and proteolytic factors, which are present in 
the circulation of tumour-bearing animals. 

Endotoxin-induced cells of the reticuloendothelial system 
have been shown to elaborate a mediator called cachectin 
(tumour necrosis factor, TNF), which induces a state of 
cachexia in recipient animals (Cerami et al., 1985). When 
chronically secreted by host macrophages cachectin has been 
suggested to contribute to a catabolic state, which ultimately 
leads to cachexia (Beutler & Cerami, 1986). Torti er al. 
(1985) have shown that cachectin acts to suppress the 
biosynthesis of several adipocyte-specific mRNA molecules 
and prevents morphological differentiation of pre-adipocytes. 
Lipoprotein lipase is one of the many enzymes whose 
transcription is suppressed by the action of this hormone 
(Price et al., 19866). Inhibition of lipoprotein lipase would 
prevent adipocytes from extracting fatty acids from plasma 
lipoproteins for storage. This would result in a net flux of 
lipid into the circulation, where the host defence could use it 
as an energy source. With chronic infectious challenge. 
however, wasting could persist and death would ensue 
(Beutler & Cerami, 1986). 

In order to evaluate the role of TNF in cachexia we have 
compared the parameters contributing to weight loss in 
animals bearing the MACI6 tumour with that produced by 
human recombinant TNF-x, and sought to determine the 
presence of TNF either in tumour extracts or in the serum of 
tumour-bearing mice. 

  

Correspondence: MJ. Tisdale. 
Received 25 September 1987; and in revised form, 15 December 
1987. 

Materials and methods 

Animals 

Pure strain NMRI mice (age 6-8 weeks) were purchased 
from Banting and Kingman, Hull and fed ud libitum a rat 
and mouse breeding diet (Pilsbury’s, Birmingham, UK). All 
animals were given free access to water and both food and 
water intake were monitored daily. Fragments of the 
MACI6 or MACI3 tumours (1x 2mm in size) were 
implanted into the flank by means of a trocar as described 
(Bibby er ai., 1987). Positive takes can only be identified 14 
days after transplantation. 
TNF 

Human recombinant TNF-x (6x 10’ Umg-!) was kindly 
donated by Boehringer IngelheimLtd., Bracknell, Berks, and 
was stored at 4°C. The endotoxin content was 
<0.125EUmI"' and there was no_ proteolytic 
contdmination. Fresh solutions of TNF-a were made up 
daily in 0.9% NaCl and 200yl of the appropriate con- 
centration of TNF-a was injected into the tail veins of 
female NMRI mice. Controls were injected with 200 ul 0.9% 
NaCl. Body weights and food and water intake were 
monitored daily. A second injection of TNF-2 was given 24h 
after the first injection. Blood was removed by cardiac 
punture from animals under anaesthesia 1h after the final 
injection of TNF-z. 

  

Metabolite determinations 

“Blood glucose was determined on whole blood with the use 
of the 0-toluidine reagent kit (Sigma Chemical Co., Dorset, 
UK). Free fatty acid (FFA) levels were measured in plasma 
with a Wako NEFA C kit (Alpha laboratories). Plasma 
triglycerides were determined with a triglyceride diagnostic 
kit (Sigma Diagnostic, Dorset, UK). 
Primed TNF production 
Non-tumour-bearing and MACI6 and MACI3 tumour- 
bearing male NMRI mice were administered .25mgkg~! E. 
coli lipopolysaccharide (Sigma Chemical Co.. Dorset, UK) 
into the tail veins and blood was removed 1.Sh later by 
cardiac punture from animals under anaesthesia. Blood was 
allowed to clot, centrifuged and the resulting serum was used 
for TNF determinations.
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TYE assay 
TNE was determined by an im vire method similar to that 
previously described hy Rull’ and Gillord (1981), L929 ceils 
were seeded tl a concentration of 3< 10% per well into 96- 
well Mat-bottom inicroutre trays (Nune.. Denmark) in 100 jl 
RPMI 1640 medium (Gibco Europe, Parsley. Scotland) 
containing 10% foetal calf serum, and incubated at 37. C 
overnight under an atmosphere of So CO, in air, The 
medium was then removed and was replaced with varying 
dilunons of TNE-containing medium and actinomycin D 
(Lugml ') to 4 final volume of 100 ul, Controls contained 
only medium and actinomycin D. Internal standards 
contained medium with | unit of recombinant human TNF 
and acunomycin D. The plates were re-incubated for 16 10 
I&h and the cells were stained with crystal violet. Rinyed and 
Uned plates were enumerated spectrophotometnically t 
570nm on a Titerteck Multscanner (Flow Laboratories) and 
the percentage of cell cytotoucity was calculated us described 
by Flick and Gifford (1984, 1986). 

  

Determination of lipolytic activity 

The epididymal adipose tissue was removed from male 
BALBic mice and minced in Krebs-Ringer bicarbonate 
buffer, pH 7.6. Approximately S0-l00mg of the udipose 
issue was incubated with either the MACI6 tumour 
supernatant or TNF in a total volume of 0.25mi of the 
Krebs-Ringer bulfer. Controls containing adipose ussue and 
buffer alone were included in cach experiment and. the 
spontaneous release of free fatty acids (FFA) was subtracted 
from the values obtained with tumour present, The release of 
FFA by MACI6 tumour extracts was linear up to 2h (Beck 
& Tisdale, 1987), and incubations were normally conducted 
for a 2h period at 37 C. The concentration of FFA in the 
cell-free supernatants was determined immediately using a 
Wako NEFA C kit 

  

Determination of proteolytic activity 

Male BALB/c mice were killed by cervical dislocation and 
diaphraums were carefully dissected out, blotted, cut in half, 
weighed ind each half placed in a stoppered vial containing 
0.75mi Krebs-Ringer bicarbonate butler and gassed for 
20sec with $% CO, in air. Preincubations were carried out 
for 30min at 37°C, and the diaphragms were then blotted 
and transferred to clean vials containing either tumour 
extract or TNF and the Krebs-Ringer buffer, in a total 
volume of 0.75mi. The vials were gassed and incubated for a 
further 2h at 37°C. Incubations were terminated by mixing 
0.5ml assay mixture with 0,125 ml of cold 50% TCA, mixing 
and centrifuging for 10min at 3000rpm. The supernatants 
were neutralised with 1N NaOH and 0.2mi of the 
neutralised sample was mixed with | ml of ninhydrin reagent, 
held in a boiling water bath for 20min, and after dilution to 
mi with n-propanol: water (1:1), the concentration of amino 
acids was determined spectrophotometrically at 570nm, The 
spontaneous release of amino acids from the diaphragms in 
the absence of any additions was subtracted from the final 
readings. 

Results 

The characteristics of weight loss produced by the MACI6 
adenocarcinoma passaged in NMRI mice has previously 
been reported (Bibby er ul., 1987, Beck and Tisdale, 1987). 
Briefly weight loss starts (0 occur when the tumour mass 
exceeds 0.1 g and reaches 10g in a 30g male mouse when the 
tumour mass is 0.7g, representing just 2% of the weight of 
the animal. Both muscle and adipose mass decrease in direct 
proportion to the weight of the tumour (Beck & Tisdale, 
1987), The average food intake in MACI6 tumour-bearing 
animals (15.1+0.6kcalday~') is not significantly different 
from that. ~— in. —non-tumour-bearing animals. 
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(149+0%kculday ') Also the water intake in tumour- 
bearing animals (4.6 50.27 miday ') does not differ from 

that of controly (48 £0. lomiday '), 
We have used female NMRI mice to study weight loss 

induced hy [NF-z since (hey display a less aggressive 
behaviour than mules, which may result in selective in- 
dividuals being deprived food and water. Human recombin- 
ant TNF-x administered i.v, causes a dose-related weight loss 
alter two separate injections over a 24h period (Figure |). 
which is significantly greater than saline injected controls at 
ail concentrauons of TNE-2 employed. Qualitatively similar 
results were obtained with murine recombinant TNE-z. 
obtuned from Dr W. Fiers, Biogent. Belgium (Marmenout 
et al. 1985), No mortality was observed with uny of the 
concentrations of TNF-x. This weight loss differs from that 
observed in MAC16 tumour-bearing animals in that it is 
ussociated with a dose-dependent decrease in both food 
(Figure 2) and water (Figure 3) consumpuon. The decrease 
in food and water intake 1s directly proportional to the 
decrease in body weight (Figure 4). 
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Figure 1 Effect of acute administration of TNF-z on the weight 
ot female NMRI mice. Human recombinant TNF-2 was 
administered 1.v. as two separate injections over a 24h period 
and the animals were killed 1h after the last injection. The values 
represent the means+s.e.m. for 4 to |1 animals for each 
concentration of TNF. *P<0.0l, **P<0.001 from control by 

Students ¢ test. 
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Figure 2 Effect of acute administration of TNF-2 on food 

consumption of female NMRI mice during a 24h period. The 
values represent the means +s.e.m. for 4 to 11 animals for each 
concentration of TNF-2. *P<0.05, **P<0.01, ***P<0.005 from 

control by Students ¢ test,
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Figure 3 Effect of acute administration of TNF-2 on water 
consumption of female NMRI mice during a 24h period. The 
values represent the means +s.e.m.for 4 to 11 animals for each 
concentration of TNF-z. *P<0.05, **P<0.01, ***P-<0.005 from 
control by Students test. 
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Weight gain (9) 

Figure 4 Variation of weight loss during a 24h period after 
administration of TNF-: with the difference in food 
(kcal/mouse) and water (mi) consumption between a saline 
infused group and the TNF-a treated groups. The results were 
fitted to a linear model by means of a least squares analysis 
(r= 0.99). 
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Animals bearing the MACI6 tumour display a reduced 
blood glucose level. TNF-a treated mice also show a highly 
significant dose-related hypoglycaemia. which 1s much more 
pronounced than observed in weight-losing (umour-bearing 
animals (Table 1). Plasma triglyceride levels are also reduced 
in tumour-bearing animals, whereas TNF-x causes an 
increase in circulatory tnglycerides. presumably due to an 
inhibition of adipocyte lipoprotein lipase activity (Table 1), 
Plasma levels of FFA are reduced after TNF-x adminis- 
tration, as might be expected from an inhibition of 
lipoprotein lipase and also. in {umour-bearing animals. 
possibly due to increased tumour utilization. 

The loss of body fat in MACI6 tumour-bearing animals 
has been correlated with the presence of a lipolytic substance 
produced by the tumour (Beck and Tisdale. 1987). This 
material is quantitated by the extent of release of FFA from 
mouse epididymal adipocytes. The results in Table II show 
that while extracts of the MACI6 tumour cause an enhanced 
release of FFA, TNF-x has no effect on the release of FFA 
under the conditions of the assay up to a concentration of 
4x 10% units ml~'. The MACI6 tumour also has high levels 
of proteolytic activity. which may be responsible for the 
muscle wasting (Beck & Tisdale. 1987) (Figure 5). Using the 
mouse diaphragm as a model of skeletal muscle. TNF-2 at 
high concentrations also causes an enhanced release of 
amino acids (Figure 5). This effect is not due to con 
tamination by endotoxin, since when the TNF-2 is heated to 
70°C for 1Smin, which should destroy the TNF, but does 
not affect endotoxin, the proteolytic activity is completely 
destroyed. The proteolytic effect of TNF-2 is almost com- 
pletely suppressed by indomethacin and human x-1 anti- 
trypsin. The proteolytic activity of the MACI6 tumour 
extract is also partially suppressed by indomethacin and 
there is a synergistic inhibition by a combination of indo- 
methacin and antitrypsin (Figure 5). Proteolysis by trypsin is 
also inhibited by indomethacin. An enhanced amino acid 
release is also observed when diaphragms are incubated in 
the presence of PGE, or PGE,, but not in the presence of 
PGF,, or PGF,, (Table II1). 

No TNF was detected either in the MAC16 tumour or in 
the serum of tumour-bearing mice using the L929 cyto- 
toxicity assay. TNF was detected in the serum of non- 
tumour-bearing animals and in the serum of animals bearing 
the MACI6 and the non-cachexia inducing colon adeno- 
carcinoma, MAC13, 90min after a single iv. injection of 
25 ug endotoxin (Figure 6). However, there was no difference 
in the extent of response between non-tumour-bearing 
animals and animals bearing either type of tumour or in the 
levels of TNF in the two tumour types. 

Discussion 

The MACI6 tumour can be considered as an appropriate 
model for human cancer where weight loss occurs due to the 
biochemical effect of the tumour in patients with adequate 

  

  

Table 1 Effect of recombinant TNF-2 and the MACI6 tumour on the plasma level of 
glucose, FFA and triglycerides* 

Glucose FFA Trighvceride 
Treatment (mg 100mi~') (mg 100ml~*) (mm) 

Non-tumour-bearing 13645 2942 
Non-tumour-bearing (saline) 12445 32z5 
MACI6 tumour-bearing 108+ 11° 1o+is 
TNF-z 0.25 mgkg~' 828" 722 
TNF-2 05mgkg”! 74a7¢ 1s+3° 
TNF-2 0.75mgkg~' so+4 1943 

  

  

“Results are given as means+sem: *P<0.05 from non-tumour-bearing animals: 
*P<0.01 from non-tumour-bearing saline infused animals; P<0,001 from non-tumour- 
bearing saline infused animals; ‘P<0.005 from non-tumour-bearing saline infused 
animals.
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MAC16 tumour extract [4K 1 2¥.° 
410° uns TNF-2* 0 
4<10* units TNF-2* 0 
410° units TNF-a 0 
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“Results are expressed as means +s.c.m., "TNF-z in unils mi! of 
the assay mixture; ‘Mean of || determinations. 
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Figure S$ Rates of release of amino acids from mouse 
diaphragms by MACI6 tumour homogenate and TNF-2. (a) 10°U TNF-a per assay. (b) 10*U TNF-z per assay. (c) 10'U 
TNF-a per assay. (4) 10*U TNF-2+1.0mm indomethacin, (e) 
10°U TNF-x+imgml-!2~1 antitrypsin. (f) MACI6 tumour 
extract; 29mg protein mi~'. (g) MACI6 tumour extract 

+1.0mm indomethacin. (h) MACI6 tumour extract +1 mgml~! 
antitrypsin. ()) ~MACI6- tumour extract’ +1.0mm 
indomethacin + | mg mi”! antitrypsin. (j) Trypsin: 0.1 mgml~! 
(k) Trypsin 0.1 mgml"'+1.0mM indomethacin. (b) and (c) 
P<0.05 from Krebs Ringer builer alone. (d) and (e) P-<0.05 
from (c). (¢) P-<0.05 from (1). (h) and (i) P<0.001 from (f). by 
Students / test. 

Table ITI Effect of prostagiandins on the release of 
amino acids from mouse diaphragm 
  

Concentration nmoles amino acid released 

  

agmi"') —_g.diaphragm™' 2h~' +s.e.m. 

PGE, $ 0.028 +0.024 
10 0.085 + 0.006" 

20 0.234 + 0.066" 
PGE, 5 0.069 +0.022 

10 0.242 £0,079" 
20 0.369 0.036" 

PGF, 5 0.000 
10 0.000 

20 0.040 
PGF, 5 0.000 

10 0.000 
20 0.000 

*P<0.005 from spontaneous release; *P-<0.05 from 
spontaneous release. 

nutrient intake and without intestinal malfunction. In contrast TNF induces a state of anorexia and the ensuing weight loss is directly proportional to the decrease in food and water intake. A similar effect has been observed in mice injected with dialyzed conditioned medium obtained from 
lipopolysaccharide-induced peritoneal macrophages (Cerami 
et al., 1985). Although all the experiments have been performed with human TNF-2 similar results were obtained 
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Figure 6 Production of TNF by endotoxin in unprimed mice. 

TNF concentration in serum (W@) and tumour (3) was 
determined by means of the L929 cytotoxicity assay as described 
in Materials and methods. 

with murine TNF-z. Marmenout ef al, (1985) have shown that in spite of the apparent species specificity of TNF. 
human TNF is about 80% homologous to mouse TNF. and 
its hydrophilicity plot is also very similar. 

The weight loss produced by both TNF-a and the MACI6 
lumour is associated with hypoglycaemia, although TNF 
Produces a more marked and possibly life-threatening 
decline in blood glucose levels. Whiie administration of 
lipopolysaccharide has been shown to induce hypoglycaemia. 
Satomi et a/. (1985) reported no hypoglycaemia in mice 
administered highly purified TNF. However, Kettlehut er al 
(1987) have recently demonstrated large biphasic changes in 
blood glucose levels after TNF injection. with an initial 
hyperglycaemia followed by a sharp decrease in blood 
glucose. It has been suggested (Kettlehut et al, 1987) that 
TNF may stimulate glucose uptake and oxidation contribut- 
ing to the severe hypoglycaemia. In contrast the 
hypoglycaemia observed in animals bearing the MACI6 
tumour probably arises from an increased consumption of 
glucose by the tumour (Tisdale & Brennan, 1986). 

The MACI6 tumour and TNF-z differ as regards their 
effect on lipid metabolism in weight-losing animals. Thus, whereas animals bearing the MACI6 tumour have a reduced 
circulatory level of both FFA and triglycerides, TNF-2 
causes an increase in plasma triglyceride levels probably due 
to an inhibition of lipoprotein lipase activity. While 
lipoprotein lipase activity has been shown to be decreased in 
mice with the development of Sarcoma 180 (Masuno & 
Okuda, 1986) we have no evidence for an effect on 
lipoprotein lipase activity in animals bearing the MACI6 
tumour, despite a massive loss of adipose tissue. This 
catabolism of adipose tissue has been attributed to the 
production by the tumour of a lipolytic factor (Beck & 
Tisdale, 1987). However, we have observed no increased 
breakdown of stored triglycerides in adipose tissue in the 
presence of TNF-z. While Kawakami et a/. (1987) have 
reported that TNF-x increased the lipolysis of stored fat in 
3T3-LI adipocytes, even in the presence of SOngml~' of 
insulin, Price et al. (19865) have shown that while crude 
preparations of TNF were able to suppress the activity of 
key lipogenic enzymes and stimulate lipolysis, recombinant 
TNF-z had no effect on either the ability of the adipocytes 
to synthesize and store or to mobilize triacylglycerols. The 
lipolytic activity of stimulated macrophages was attributed to 
interleukin 1. which both suppressed lipoprotein lipase 
activity and stimulated lipolysis (Price er al., 1986a) 
Another possible reason for the absence of lipolysis we 
observed with our TNF-2 preparation was the relatively 
short incubation time that we employed (2h). Kawakami er 
al, (1987) did not observe an increase in glycerol production 
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retabala cllects al ENE probably arse front an inercased 
Prostaghundin Py prediction singe the cyclones zeman 
siibiers indomethacin or tbuproten administered betore 
TNE reduced the lethality and changes im blood glucose We 
have nh (Beck d& Tisdale, 194) that the hpolyoe 
substance cliborated by the MACH Gimour iy not a prosta> 

  

we indeumethsein had ae cilect va BRA release at 

concentrations up to Ems 
The MACI6 tumour also chiborates a yerine-protcase 

when measured by an accelertte rate of release of amino 

acids from mouse diaphragm ay a model of skeletal muscle 

(Heck & Tisdale, 1987) Using a similar assay we have 
detected a proteolyue activity associated with high level of 

TNi-a. This activity way not duc to the ymall umount of 

endotoxin contamination since i was destroyed by heating, 
and not due to the presence of endogenous proteases in the 

TNE-2 preparation (Bochringer Ingelheim. pers. comm.) 
Proteolysis induced by both TNE-z and the MAC1I6 tumour 

extract” 1s suppressible by indomethacin suggesting the 
possibility of a prostaglandin intermediate. We have shown 
that prostaglandins of the E series. but not of the F, are also 
effective in inducing amino acid release from mouse 
diaphgram. PGE, is believed to be an important stimulus for 
the production of intracellular proteases (Rodemanh & 

Goldberg. 1982). Morcover. TNF-2 has been reported to 
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stimulate Collagenase and prastachindin E producuen by 
human synoseal celly and dermal fibesbhisty (Daser ef al 
19xS) Lhty supyests that the enhanced release of amine acids 
from mouse dhaphragne i the presence of TNT as due to an 
elevation of PGE, levels 

We have been unable to detect PNE either in the MACT6 
tumour, of in the scrum of tumour-bearing animals Anunils 
peunng either the MACI6 or the non-cacheung-inducing 
MAGI} colon adenocarcinumas de not respond to 
endatown with an inereased TNE production compared with 
non-tumour bearing controls. This negates aysuinst a syner- 
gist influence of the presence of a tumour on TNE 
production in response to endotoxin 

The results suggest that TNE hay no role in the induction 
of cachetia seen in unimaly bearing the MACI6 tumour 
Although #e have compared the chronic secretion of factors 
produced by the MACI6 tumour with the acute effects of 
TNE we have shown (Mahony and Tisdale. unpublished 
results) that chronic exposure to TNE does not diller 
appreciably from the acute effects. Furthermore the weight 
luss produced by TNE appears to arise from an anorexic 
cffect of this agent and this differs from the changes 
associated with cancer cachexia 
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