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Abstract

This study aimed to assess the effect of irinotecan / 5-fluorouracil treatment on
amount and types of fatty acids in skeletal muscles of tumor-bearing rats fed: a)
control diet, b) fish oil diet. Rats bearing the Ward colorectal carcinoma were fed
a semi-purified diet with or without fish oil prior to receiving chemotherapy.
Gastrocnemius muscles were isolated 7 days later. Lipids were extracted and
triglycerides (TG) and phospholipid (PL) separated by thin layer chromatography,
and fatty acids (FAs) quantified by gas liquid chromatography. Rats receiving
chemotherapy exhibited the most TG-FA in muscle tissue. Rats fed the fish oil
diet exhibited lower total muscle TG compared with other groups. N-3 FA content
in muscle TG and PL were higher in the fish oil group compared to other groups.
This study suggests that fish oil modifies the fat accumulation in muscle that

occurs during chemotherapy.
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Chapter 1

Introduction and Literature Review

1.1  Colorectal Cancer

The number of new colorectal cancer cases and deaths continue to rise as
the Canadian population ages. In Canada, there are approximately 22,200
diagnoses and 8,900 deaths reported from colorectal cancer each year (Canadian
Cancer Statistics, 2011).Significant weight loss has been observed in patients with
advanced colorectal cancers. Specifically, weight loss of greater than five percent
of the normal body weight, known as cachexia, has been associated with poor
quality of life, decreased response to treatment and mortality (Dewys et al., 1980).
Colorectal cancer is diagnosed at one of five stages. This staging system ranges
from 0 to IV, indicating the severity of the disease (Edge et al., 2010). At Stage 0,
the cancer is in the earliest phase, and it has not progressed beyond the inner
layer, or mucosa, of the colon or rectum. The treatment during this stage involves
effectively removing the polyp via colonoscopy. In Stages | and 11, the tumor has
grown through the wall of the colon and may extend into nearby tissue; however,
at this point, the cancer has not yet reached the lymph nodes. The tumor becomes
increasingly aggressive until Stage 1V, which indicates that the cancer has spread
to other organs within the body (Kinzler et al., 2002). In order to determine the
size and location of the primary tumor, the involvement of the lymph nodes, and
the extent of metastasis, specialists utilize TNM descriptors, where T indicates the
primary tumor, N denotes regional lymph nodes and M signifies distant

metastasis. If the tumor is detected in Stage I, the patient has a 90% chance of



surviving for five years and surgical removal of the tumor may cure the cancer.
However, in the advanced stages of cancer, the median survival duration is 5-6
months (Van Cutsem & Geboes, 2007) and combination treatment may be
provided. This treatment includes options such as surgical resection,
chemotherapy, radiation therapy and biotherapy or immunotherapy (Howlader et

al., 2011; Kinzler et al., 2002).

1.2 Colorectal Cancer Chemotherapy

Chemotherapy remains an essential step in the treatment of metastatic
colorectal cancer. Most chemotherapy agents target cells that divide rapidly,
regardless of whether or not these cells are cancerous. As a result, toxic side
effects are associated with chemotherapy (Board et al., 2007). The combination of
5-fluorouracil (5-FU) and irinotecan (CPT-11) represents an effective
combination of drugs used to treat colorectal cancer patients (Douillard et al.,

2000; Saltz et al., 2000).

5-FU, which was developed in 1957, has become part of the standard
therapy for most malignancies arising in the gastrointestinal tract and breast as
well as for head and neck cancers. Furthermore, 5-FU is still the most common
drug used to treat colorectal cancer (Malet-Martino et al., 2002). 5-FU belongs to
a family of anti-metabolite chemotherapy drugs. Anti-metabolite factors replace
biological substances such as folic acid; when the cells incorporate these
substances into cellular metabolism, cells are unable to divide. 5-FU is converted
into fluorodeoxyuridine monophosphate and fluorodeoxyuridine triphosphate

which both inhibit thymidylate synthase, an enzyme responsible for DNA



synthesis and repair as well as it could convert to fluorouridine triphosphate
which causes RNA damage and produces apoptosis in the tumor (Longley et al.,
2003). Several toxicities have been associated with 5-FU, including vomiting and
nausea, cytopenias secondary to bone marrow suppression, palmar-plantar
erythrodysesthesia (hand-foot syndrome) and cardiotoxicity (Tejwani et al.,
2008). The overall response rate for 5-FU as a single agent in metastatic
colorectal cancer is <10% (Bleiberg, 1997); however, when 5-FU is combined
with other drugs, such as CPT-11, the rate of response is significantly increased to

40-50% (Saif & Cohenuram, 2006).

Irinotecan is a water-soluble semi-synthetic that is isolated from the
Chinese/Tibetan ornamental tree Camptotheca Acuminata (Wall et al., 1966). In
1983, this drug was produced in Japan and has demonstrated antitumor activity
against a wide range of tumors, including colorectal, esophageal, leukemia,
gastric, non-small-cell and small-cell lung cancers as well as lymphomas (Xu et
al., 2002). In vivo, irinotecan is converted in the liver to a metabolite, 7-ethyl-10-
hydroxycamptothecin (SN38), which appears to contribute to the antitumor
activity of CPT-11. Irinotecan possesses a novel mechanism of action that
depends on the inhibition of the eukaryotic enzyme DNA replication and cell
death (Rothenberg, 2001). Since its 1996 approval in the United States (Kéhne et
al., 2009), irinotecan has emerged as one of the most effective antitumor drugs for
a wide range of tumor types, especially when combined with 5-FU (Douillard et
al., 2000; Saltz et al., 2000). However, diarrhea and myelosuppression remain

common dose-limiting toxicities of this antitumor drug (Rothenberg, 2001).



1.3 Cancer is Associated with Cachexia

Cachexia is a wasting syndrome involving the loss of skeletal muscle with
or without the loss of adipose tissue (Evans et al., 2008; Fearon et al., 2011). This
syndrome is characterized by anorexia and premature satiety, as well as by the
dysfunction of lipid, protein and carbohydrate metabolism and hypercatabolism.
Cachexia, which results either directly from various tumor factors or indirectly
from an irregular host response to a tumor, is associated with poor quality of life,
reduced response to chemotherapy and severe toxicity. Furthermore, cachexia
may be the cause of death in a significant proportion of cancer patients (Tisdale,

2002).
1.4 Loss of Skeletal Muscle is a Key Feature of Cachexia

Severe skeletal muscle wasting is the hallmark feature of cachexia (Evans
et al., 2008). Skeletal muscle mass that is reduced more than two standard
deviations (SD) below that of healthy adults is defined as sarcopenia (Janssen et
al., 2002), which was first described in the elderly (Baumgartner et al., 1998) and
has recently been revealed in advanced lung (Murphy et al., 2010) and colorectal
cancer patients (Lieffers, 2009). Sarcopenia is characterized by decreased muscle
strength and function (Janssen et al., 2002), impaired mobility, reduced response

to treatment, increased length of hospital stay and mortality (Lieffers et al., 2009).

The balance between protein synthesis and protein catabolism is important
for muscle health. In healthy individuals, the process of fasting results in the
catabolism of muscle proteins to provide amino acids for gluconeogenesis. During

starvation, protein catabolism is reduced to preserve muscle mass by utilizing the



fat stores in the body. This essential process of conserving nitrogen during the
reduction of food intake appears absent in cancer patients experiencing cachexia
(Josep et al., 2005; Whitehouse et al., 2001). However, the cause of increased
muscle catabolism and decreased muscle anabolism is not well understood.
Several lines of evidence maintain that protein catabolism results from the
presence of pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-a). These cytokines play a role in enhancing muscle
breakdown both in vivo and in vitro studies of cancer cachexia (Josep et al.,
2005). In addition, the Cori cycle may contribute to increased muscle catabolism
in cancer patients. This cycle consists of a metabolic pathway involving two
inverse processes: the conversion of lactate to glucose and the transformation of
glucose back to lactate. The synthesizing of lactate to glucose requires the input of
energy. In tumor-bearing patients, the conversion rate of lactate to glucose
increases, which may result in increased energy expenditure by these patients

(Gold, 1974).

Chemotherapy is often used to treat cancer patients. However, a recent
study reported that in comparison to non-sarcopenic patients, cancer patients with
sarcopenia experience poor outcomes during chemotherapy treatment as well as a
more rapid progression of tumor development (Prado et al., 2009). This
phenomenon may result in the reduction of chemotherapy drugs or the

termination of therapy.



1.5  Lipid Types and Functions

Lipid is not only an important source of energy in the form of triglyceride,
but it is also essential for the survival and functioning of human and animal
organs. Specifically, fat is crucial for brain development and functioning (Robert
et al., 1994) as well as for cell membrane properties such as phospholipids (PL)
and sterols (Hulbert et al., 2005). Lipid stimulates the release of hormones and
cytokines as signaling molecules and it fulfill crucial functions as enzyme
cofactors, electron carriers and intracellular messengers. There are several
different types of fatty acids (FAs), including saturated with no double bonds
(SFA), monounsaturated with one double bond (MUFA) and polyunsaturated with
two or more double bonds (PUFA). In PUFAs, the number of carbon atoms and
the position of the double bonds have a major effect on their physical properties

(Hulbert et al., 2005; Nelson & Cox, 2008).

1.6 Essential Fatty Acids (EFAS)

Humans and animals can synthesize SFAs and MUFA acyl chains from
acetyl co-enzyme-A (acetyl CoA). However, mammals lack an enzyme that adds
a double bond before the n-9 position, and, as a result, alpha-linolenic acid (ALA)
18:3n-3 and linoleic acid (LA) 18:2n-6 must be obtained from diet (Pawlosky et

al., 1994).

Humans can synthesize eicosapentaenoic acid (EPA) 20:5n-3 and
docosahexaenoic acid (DHA) 22:6-n-3 and AA from parent FAs ALA and LA
respectively (see Figure 1-1). One recent study demonstrates that the conversion

rate of ALA to EPA is approximately 5%, while the conversation rate from ALA



to DHA is less than 0.5% (Plourde et al., 2007). Thus, it has been suggested that
EPA and DHA should be considered as essential FAs, especially in specific

circumstances, such as the premature infants (Clandinin et al., 1997).

Rich sources of n-6 PUFA include nuts, seeds and vegetable oils such as
corn, sunflower, soy and cottonseed. The n-3 FAs can be found in plant sources
such as flaxseeds, walnuts and canola oils. The greatest amounts of DHA and
EPA are found in fatty fish (Hulbert et al., 2005; Simopoulos et al., 1986), but
sources of these FAs can also exist in egg yolk and meat, depending on the

animals’ diet (Simopoulos, 1989).

1.7  EPA and DHA Deficiency

Deficits of essential fatty acids are caused by a low dietary intake of ALA,
EPA and DHA or by problems in the metabolic pathways, such as a fat digestion
disorder, malabsorption or insufficient secretion of pancreatic lipase, which is
essential in fat digestion. In the past, the recommended dietary ratio of n-6: n-3
was 4:1, whereas current dietary intake patterns are characterized by ratios that
range from 10:1 to 20-25:1 (De Gomez & Brenner, 1975; Hulbert et al., 2005).
For instance, DHA, which is one part of the n-3 family, is important for the
human brain, so this ratio may influence the function of the brain (Haag, 2003;

Robert et al., 1994).

The n-6 and n-3 acids utilize the same delta-6 (A-6) desaturase enzyme.
Thus, a high intake of n-6 PUFASs indicates that fewer enzymes are available for

n-3 PUFAs due to the saturation of enzyme complexes with high intakes of n-6.



Specifically, a high dietary intake of n-6 PUFAs can result in the decreased
synthesis of long chain n-3 PUFAs in the body. Studies demonstrate that the ALA
conversion rate in the body to EPA and DHA is low because of the small
proportions of ALA in the diet. Moreover, high amounts of n-6 PUFAs from food
intake would further reduce the conversion of ALA to EPA and DHA (Haag,
2003; Plourde & Cunnane, 2007). Researchers suggest that the levels of n-6 and
n-3 as well as the balance between these acids may play a critical role in the
prevention and treatment of chronic diseases, including immune disorders,
inflammatory illnesses and cancers (Horrobin, 1993). These findings require
consideration when making dietary recommendations for diabetes, cardiovascular

and cancer patients.

1.8 Lipid Metabolism in Cancer Cachexia with Skeletal Muscle Loss
Human cancer cachexia is characterized by altered lipid metabolism. In
comparison to non-cachectic patients, cachectic patients experience elevated
lipolytic activity (Agustsson et al., 2007), which results in the elevated plasma
levels of free fatty acids (FFA) and glycerol (Fiorenza et al., 2000; Tisdale, 2004).
Furthermore, in advanced cancer patients, high-density lipoprotein cholesterol
(HDL) and low-density lipoprotein (LDL) cholesterol concentrations are
reportedly decreased (Fiorenza et al., 2000). This pattern may suggest a
dysfunction of lipid absorption, chylomicron particles or very low density
lipoprotein (VLDL) synthesis from the liver, which subsequently affects HDL and

LDL levels. These changes may result from decreased lipoprotein lipase (LPL)



activity (Thompson et al., 1981) and increased hormone sensitive lipase (HSL)

activity (Thompson et al., 1993).

In advanced cancer patients, a pathological fat accumulation in muscle,
known as myosteatosis, has recently been observed (Murphy et al., 2010, 2011;
Stephens et al., 2011). Myosteatosis has been discussed in conjunction with
obesity (Van Loon et al., 2004), diabetes (Miljkovic et al., 2010), and some forms
of muscle atrophy, such as aging (Baumgartner et al., 1998). However,
myosteatosis has not been fully examined in cancer patients. A recent study of
advanced cancer patients reported that weight loss is associated with an increase
in the size and number of lipid droplets in muscle (Stephens et al., 2011).
However, since this phenomenon has been also observed in obese patients (Van
Loon et al., 2004), these findings suggest that muscle fat accumulation may not be
related to positive or negative energy homeostasis; rather, this accumulation
might relate to the underlying causes of an energy imbalance, including catabolic
hormonal mediators such as pro-inflammatory cytokine and insulin resistance

(Baracos et al., 2006).

The unresponsiveness of skeletal muscle to insulin is defined as insulin
resistance. This condition is characterized by hyperinsulinemia, enhanced hepatic
gluconeogenesis, and impaired insulin-stimulated glucose uptake into skeletal
muscle. Specifically, insulin stimulates glucose uptake into skeletal muscle via
mobilized vesicles containing glucose transporter 4 (GLUT4) through an
elaborate signal transduction cascade to the muscle surface (Nelson & Cox,

2008).



In cancer, adipose tissue loses its sensitivity to the insulin-mediated
suppression of lipolysis. Also, adipose tissue becomes activated to initiate pro-
inflammatory cytokines such as TNF-a and IL-6 (Ryden et al., 2008), which
cause an increase in plasma free fatty acids (FFA) (Bing et al., 2008). Increased
levels of FFA in the blood may result in increased amounts of lipid stored in non-
adipose tissue, such as skeletal muscle (Bertrand et al., 1978, 1980; Gregoire et
al., 1998). However, the specific ways in which changes in lipid metabolism

affect insulin signaling requires further examination.

White (2010) has examined the relationship between the oxidative
capacity of muscles and depleted muscle mass, or sarcopenia, during the
development of cancer cachexia. In this study, gastrocnemius and soleus muscle

were collected from a cancer cachexia model (Apc™™*

mouse) at 20 weeks of
age. Subsequently, the gastrocnemius muscle was separated into red and white
fibers. Mice were classified as having mild, moderate or severe cachexia based on
their body weight, gastrocnemius muscle mass and epididymal fat pad mass.
When these variables were within 1 SD of the mean of matched WT mice, the
mice were classified as having mild cachexia. If the variables were more than 2
SDs away from the mean, the mice were considered as having severe cachexia.
Blood samples were collected to measure plasma IL-6. The mitochondria DNA of
gastrocnemius muscle were assessed by using the quantitative real-time PCR.
This study demonstrated that the amount of the mitochondria is reduced which

may cause a decrease in muscles oxidative capacity in both red and white fibers

because of a five-fold increase in IL-6, which was associated with insulin

10



resistance in severely cachectic mice, especially in comparison to mildly
cachectic and healthy mice. Furthermore, during cancer cachexia, the
gastrocnemius muscle mass was decreased by 41% and the soleus muscle mass
was decreased by 34%, both of which were related to increasing IL-6 levels
(White et al., 2010). The decreased muscle oxidative capacity in this study
suggests that increased IL-6 may relate to mitochondria dysfunction. Lipids stored
in muscle usually serve as a fuel for mitochondria oxidation (Hoppeler et al.,
1973), suggesting that a decrease in the size or number of mitochondria may
cause lipid accumulation inside of the muscle by insufficient oxidation of FFA.
Thus, IL-6 may be associated with increased adipose tissue lipolysis as well as

with enhanced IMCL and decreased muscle mass.

Several transcription factors, including peroxisome proliferator-activated
receptor gamma (PPARy), CCAAT/enhancer binding proteins (C/EBPs), such as
C/EBPo, C/EBPB and C/EBPa, as well as sterol regulatory element binding
protein 1c isoform (SREBP-1c), play essential roles in adipogenesis (Kawai et al.,
2007). An understanding of adipocyte differentiation may help to gain insight into
the elevated fat content of muscles observed in cancer. Bing et al. (2006) showed
that the white adipose tissue of tumor-bearing mice experienced a major reduction
in mRNA levels and in the protein content of adipogenic transcription factors,
including C/EBPa, C/EBPB and PPAR-y, as well as GLUT-4 and leptin. The
release of leptin from adipose tissue is responsible for stimulating adipocyte
differentiation and B-oxidation outside adipose cells, especially in the skeletal

muscle and liver (Bing et al, 2006). Decreased leptin levels may contribute to
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lipid storage in non-adipose tissues, which has a detrimental effect on health. For
instance, decreased insulin response in skeletal muscle increases fat storage and
reduces muscle strength, hence resulting in muscle dysfunction and limited

movement (Wang et al., 2001).

Furthermore, chemotherapy may play a role in increased IMCL, as recent
findings using computed tomography (CT) images found that in non-small cell
lung cancer patients receiving chemotherapy, the intramuscular adipose tissue,
compared to the visceral and subcutaneous adipose tissues, is the only fat depot
that increases at end of life (Murphy et al., 2010). However, the mechanism

behind this increase in IMCL during chemotherapy is not defined.

1.9 EPA and DHA Fatty Acids Status in Cancer Patients

Several studies suggest that there are abnormalities in the FA metabolism
for advanced cancer patients with wasting syndrome (Michael, 1999; Pratt, 2002).
These alterations in FA metabolism may cause a reduction in the availability of n-
3 and n-6 FAs within the body, which may enhance the cachectic condition. Pratt
et al. (2002) showed that in comparison to healthy subjects, advanced cancer
patients who lost five percent or more of their pre-illness weight had depleted
stores of plasma EFA within PL fractions. In fact, this phenomenon was even
more evident after high-dose chemotherapy, when DHA and EPA levels were
reduced to about 7% of the control values (Pratt et al., 2002). Clinical evidence
suggests that the n-3 PUFA status of newly-diagnosed cancer patients undergoing
chemotherapy is low. Therefore, both the disease as well as the therapeutic

treatments for it may be contributing factors in the decrease of n-3 PUFA status
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(Baracos et al., 2004). Another study purported to investigate the way in which
FA patterns of mucosa are altered in human gastric cancer. Specifically,
researchers analyzed the total FAs and evaluated their relative composition among
the total FAs in mucosa as well as in the PL FAs contained in paired cancerous
and non-cancerous gastric tissues. As a result, this study showed that the n-6:n-3
FA ratio of PL FA was higher in cancerous mucosa mainly due to high levels of
AA and low levels of DHA and EPA in both total FAs and in PL FAs (Ahn et al.,
2001). A recent study by Murphy (2010) reported a clear relationship between
muscle mass and plasma PL n-3 FAs in non-small cell lung cancer patients. In
particular, this study found that in comparison with non-sarcopenic patients,
patients with sarcopenia had the lowest concentration of n-3 FA, including EPA
and DHA (Murphy et al., 2010). However, the alteration mechanism of essential

FAs in cancer patients remains unknown.

1.10 The Effect of EPA and DHA n-3 PUFA on Cancer Patients

Evidence from epidemiological studies suggests that diets rich in n-3
PUFA might be associated with reduced cancer risk (Colomer et al., 2007).
According to Cave et al. (1991), high n-3 FA inhibits tumor growth while diets
rich in n-6 stimulate mammary metastases as well as tumor growth and

development (Cave et al., 1991).

In addition, studies have reported that n-3 FAs have an anti-cachectic
effect. Advanced cancer patients with weight loss received 14 days of fish oil
supplementation, which caused increased levels of EPA and DHA in the plasma

PL of these patients in comparison with the control group. Specifically, enhanced

13



plasma EPA was associated with increased body weight in those subjects (Pratt et
al., 2002). Wigmore (2006) reported that dietary supplementation with EPA and
DHA n-3 PUFAs reduced weight loss, increased appetite and improved quality of
life in patients with cancer cachexia (Wigmore et al., 2006). In particular, EPA
was associated with inhibited body weight loss and lipolysis in cachectic mice
bearing a colon tumor as compared with a control group (Tisdale, 1996).
However, in a different case, such as that of obese patients, fish oil is known to
have an anti-adipogenic function. In 2007, a group of researchers investigated the
effect of an EPA in 3T3-L1 fat cells on lipid metabolism and lipolysis. This study
demonstrated that the amount of glycerol and FFA released into a medium from
cells treated by EPA was higher than that in the control 3T3-L1 adipocytes. In
addition, intracellular lipid accumulation significantly decreased in comparison to
the control cells. This study also found that PPAR-y, which is essential for
adipocyte development, was downregulated by EPA. These results suggest that
EPA may inhibit fat cell development and stimulate lipolysis (Lee et al., 2008).
Perez-Matute (2007) assessed the effect of EPA on adipose tissue and weight gain
in rats fed either control diets of chow or high-fat diets of cafeteria food.
Accordingly, the animals were divided into four groups: control diet, high-fat diet,
control diet with EPA, and high-fat diet with EPA. During the study, the WAT
functions, including lipolysis, apoptosis, gene secretion, and insulin resistance,
were measured. In comparison to the other groups, the rats that ate a high-fat diet
experienced more weight gain and accumulated more fat mass. Moreover, this

group had a higher TNF-a level. However, the rats that ate a high-fat diet with
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EPA experienced less weight gain and decreased food intake, which was related
to decreased leptin production from adipose tissues, especially in comparison to

the rats without EPA (Perez-Matute et al., 2007).

These studies suggest that EPA acts as anti-obesity and anti-cachectic
factor. Therefore, EPA may have an essential role in not only regulating body
weight but also in controlling energy balance. However, the operation of these
mechanisms, including the effect of EPA on adipogenesis alteration, lipolysis and

apoptosis, remains unclear.

In vitro and animal studies demonstrate a relationship between n-3 PUFA
and cancer chemotherapy. Several experimental studies have reported that
chemotherapy with fish oil enhances tumor cell death and reduces the toxic side
effects to the host tissues (reviewed by Baracos et al., 2004). N-3 PUFA may
interfere with the catabolic signal transduction pathways implicated in cancer
cachexia and reduce the loss of lean body mass in advanced cancer patients.
Murphy (2010) reported that in comparison to a control group, non-small cell
lung cancer patients that supplemented chemotherapy with 2.2g/day EPA
maintained their body weight, gained muscle mass and exhibited decreased IMCL
(Murphy et al., 2010, 2011). However, the mechanisms regulating the way in
which EPA and DHA affect the body weight, muscle mass, and IMCL of cancer

patients during chemotherapy require further examination.
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111 Summary

Cancer cachexia is a common syndrome in advanced cancer patients.
Patients with cancer cachexia experience reduced body weight and muscle mass,
increased IMCL, additional side effects from chemotherapy, higher metabolic
rates, and poor quality of life with limited survival. Fish oil containing EPA and
DHA has been reported to reduce many of these symptoms. However, the specific
details of these mechanisms are not entirely clear, and therefore, further
investigations need to be conducted in this area. EPA and DHA could utilize to
reduce the cachexia syndrome and to offer an anticancer therapy for cachexia

patients.
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Figure 1-1. Desaturation and Elongation of n-6 and n-3

N-6 PUFA

N-3 PUFA

Linoleic (LA) (18:2 n-6)

l Desaturase A6
y-linolenic (18:3 n-6)

l Elongase

Dihomo- y-linolenic (20:3 n-6)

l Desaturase A5
Archadonic (AA) (20:4 n-6)

l Elongase
Ardanic (22:4 n-6)

l Desaturase A4

Docosapentaenoic (22:5 n-6)

a-linolenic (ALA) (18:3 n-6)

Desaturase A6

Stearidonic (18:4 n-3)

l Elongase

Eicostrienoic (20:4 n-3)

l Desaturase A5
Eicosapentaenoic (EPA) (20:5 n-3)

Elongase

Docosapentaenoic (22:5 n-3)

l Elongase
Tetracosapentaenoic (24:5 n-3)

l Desaturase A4
Tetracosahexaenoic (24:6 n-3)

l peroxisomal oxidation
Docosahexaenoic (DHA) (22:6 n-3)

The red colors are the essential PUFA from n-6 and n-3 families. This figure presents the
elongation and desaturation pathway of AA, EPA, and DHA from their parent LA and ALA.
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Chapter 2
Research Plan

2.1  Rationale

Significant weight and muscle loss has been observed in advanced cancer.
Sarcopenia (low muscle mass) and pathological fat accumulation in muscle
(myosteatosis) were first recognized in aging and obesity and more recently in
cancer patients (Murphy et al., 2010; Stephens et al., 2011). Myosteatosis and
sarcopenia are independent risk factors for mortality in cancer patients (Martin et
al., 2011). However, the characteristics of these features have not been resolved
Intramuscular lipid content (IMCL) has been observed to be increased during
chemotherapy and was reported to be decreased when eicosapentaenoic (EPA,
20:5n-3) and docosahexaenoic (DHA, 22:6n-3) is provided in the diet (Pratt et al.,
2002; Murphy et al., 2010). IMCL has been estimated by using computed
tomography (CT) (Murphy et al., 2010; Prado et al., 2008); however triglyceride

(TG) content and fatty acids types within muscle tissue have not been assessed.

In previous studies from our lab have reported that cancer patients with
low muscle mass exhibit lower plasma EPA and DHA than patients without
sarcopenia (Murphy et al., 2010; Pratt et al., 2002). These studies suggest a

relationship between the concentration of phospholipid (PL) n-3 and muscularity.

Chemotherapy drugs such as irinotecan (CPT-11) and 5-fluorouracil (5-
FU) represent an effective treatment for colorectal cancer patients (Douillard et
al., 2000). However, therapeutic treatments for cancer have been reported to

accelerate muscle wasting, increase IMCL, and may interfere with n-3 fatty acid

25



metabolism (Murphy et al., 2009, 2011). Patients receiving fish oil during
chemotherapy treatment had increased body weight and muscle mass and lower
IMCL as well as improved response to chemotherapy (Murphy et al., 2011).
Therefore, EPA and DHA may provide several benefits during chemotherapy.
This study is focusing on the effect of CPT-11/5-FU as well as a fish oil diet
during chemotherapy on the TG and PL content and fatty acids composition

within muscle tissue of rats bearing a colon tumor.

2.2  Research Objectives and Hypotheses
Objective 1: To evaluate lipid content and composition of gastrocnemius
muscle tissue of Ward colorectal tumor bearing rats one week after receiving

CPT-11 + 5-FU compared to tumor bearing rats not receiving chemotherapy.

Hypothesis: It is hypothesized that: Compared to rats not receiving CPT-

11/5-FU, rats undergoing CPT-11/5-FU treatment will exhibit:

i Lower body weight.

ii. Higher content of TG fatty acid in muscle tissue.

iii. Greater amounts and proportions of saturated fatty acids in muscle
TG.

iv. Lower proportions of EPA and DHA fatty acids in muscle TG and

PL.

Objective 2: To evaluate lipid content and composition of gastrocnemius

muscle tissue in Ward colorectal tumor bearing rats one week after receiving
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CPT-11/ 5-FU and fed a diet containing fish oil compared to tumor bearing rats

undergoing CPT-11/5-FU consuming a diet without fish oil.

Hypothesis: It is hypothesized that: Compared to rats fed a control diet
and receiving CPT-11/5-FU, rats undergoing CPT-11/5-FU treatment and fed fish

oil diet will exhibit:

i Higher body weight.

ii. Lower content of TG fatty acid in muscle tissue.

iii. Lower amounts and proportions of saturated fatty acids

iv. Higher proportions of n-3 fatty acids in muscle triglyceride.

V. Higher proportions of EPA and DHA in muscle phospholipid.

These hypotheses will be investigated in chapter 3. This work represents a
first step in measuring fatty acid composition of TG and PL of muscle tissue of
colon cancer model fed a control diet or fish oil diet prior and during CPT-11/5-
FU treatment. The aim of this work is to investigate if EPA and DHA diet could
prevent the pathological fat accumulation in colorectal cancer undergoing

chemotherapy.
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Chapter 3
Elevated Fatty Acid Content in Muscle is Prevented by
EPA and DHA in an Animal Model of Colorectal Cancer
Receiving Irinotecan / 5FU

3.1 Introduction

Muscle tissue is not designed for long-term lipid storage, and usually
contains a very small amount of usable fat (reviewed by Miljkovic & Zmuda,
2010). Myosteatosis, the pathological accumulation of fat in muscle, first
observed in aging (Baumgartner et al., 1998), has recently been observed in
advanced colorectal (Lieffers et al., 2009) and lung cancer (Murphy et al., 2010).
In advanced cancer, myosteatosis is associated with significant weight loss
(Murphy et al., 2011; Stephens et al., 2011). Weight loss greater than 5% of usual
body weight has been characterized by dysfunction of lipid, protein, and
carbohydrate metabolism, hypercatabolism, poor quality of life, decreased
response to treatment, hospitalization, and mortality (Martin et al., 2011; reviewed
by Tisdale, 1999, 2004). However, myosteatosis in cancer patients is not

characterized.

Irinotecan (CPT-11) and 5-fluorouracil (5-FU) represent an effective
combination of drugs used to treat colorectal cancer patients (Douillard et al.,
2000). However, these drugs may contribute to alterations in lipid metabolism
(Murphy et al., 2009; Pant, 2011). Clinical evidence suggests that the n-3
polyunsaturated fatty acids (PUFA) status of newly diagnosed patients with

advanced lung and colorectal cancer undergoing chemotherapy is low

30



(Pawlowicz, 2008; Vicie et al., 2004). Daily eicosapentaenoic (EPA, 20:5n-3) and
docosahexaenoic (DHA, 22:6n-3) supplementation (2.4g/day) during platinum
based doublet chemotherapy increased muscle mass and decreased intramuscular
adipose tissue, assessed by computed tomography imaging (CT) in non-small cell
lung cancer patients as compared to patients who received no supplement
(Murphy et al., 2011). However, fatty acid amount and composition in the skeletal
muscle was not assessed. The effect of EPA and DHA supplementation

potentially reducing IMCL accumulation requires further investigation.
The objectives of this study were:

1. to compare the lipid content and fatty acid composition in the
muscle tissue of Ward colorectal tumor-bearing rats receiving
CPT-11 and 5-FU to those in rats not receiving chemotherapy,

and

2. to compare the lipid content and fatty acid composition of
muscle tissue in Ward colorectal tumor-bearing rats consuming
a diet containing fish oil to those of rats consuming a diet

without fish oil prior and during chemotherapy treatment.

It is hypothesized that chemotherapy treatment will increase the total amount of
triglycerides in muscle TG and PL will contain lower amounts of n-3 fatty acids
compared to rats not receiving chemotherapy. A diet containing EPA and DHA
during chemotherapy treatment will reduce the amount of triglyceride in muscle

while increasing the n-3 fatty acids, especially the EPA and DHA content in both
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phospholipids and triglycerides. Providing fish oil fatty acids will be associated

with higher body weight after the chemotherapy treatment.

3.2 Study Design

3.21 Rats

Experimental procedures were reviewed and approved by the University
of Alberta Institutional Animal Care Committee and conducted in accordance
with the Guidelines of the Canadian Council on Animal Care. Female fisher rats
weighing 150-180g at 11-12 weeks old were received from Charles River (St.
Constant, QC, Canada). The rats were housed two per cage in a controlled
positive air pressured room and provided with cages containing bedding and filter
tops. The temperature was 22°C and the rats received twelve hours of light per
day. Water and food were available for ad libitum consumption throughout the

experiment.

3.2.2 Diet

The diets were based on the American Institute of Nutrition-76 (AIN-76).
They contained 40% of energy from fat, with a polyunsaturated to saturated fat
ratio of 0.35 (see Table 3-1). All rats were on a control diet during the seven-day
acclimation period. Subsequently, rats were assigned to one of two diet groups:
the first group remained on the control diet (n = 25) while the second group (n =
9) was fed a diet similar in composition but containing fish oil (2.3 g FO/100 g

containing 0.64% EPA and 0.16% DHA).
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3.2.3 Tumor and CPT-11/5-FU

Two weeks after starting the experimental diets, the Ward colorectal
carcinoma (provided by Dr Y Rustum, Roswell Park Institute Buffalo, NY, USA)
(0.05g) was transplanted subcutaneously into the flank of the rats under slight
isoflurane anaesthesia. Calipers were used to measure the tumors in three

dimensions as length (L), width (W), and height (H). Tumor volume was

estimated as (cm3) = 0.5 x L Xx W x H. When the tumor reached approximately 2.3
cm3 or 1.2% of body weight, rats were randomly assigned to either receive CPT -
11/5-FU (CMO, control diet; n = 8 and FO, fish oil diet; n = 9) or no treatment
(TUM, control diet; n = 9). CPT-11(50 mg/kg/day) was initiated on Day 0, and 5-
FU (50 mg/ kg/day) was administered on Day 1. Rats that served as a healthy
group (REF, n = 8) for comparison did not receive tumor implantation or
chemotherapy and received the control diet throughout the study (see Figure 3-1).
Rats were euthanized by CO, asphyxiation on Day 8. Gastrocnemius muscles
were isolated and immediately frozen at —80°C until fatty acid analysis was
conducted. During the study, body weight was reported twice: on the day rats

were received and on the day rats were euthanized.

3.3  Methods and Fatty Acid Analysis

3.3.1 Lipid Extraction

Muscle tissues (50 mg pieces) were kept frozen at —80°C until lipid
analysis. One mL of chloroform-methanol mixture (2:1) was added to the samples

in methylation tubes and sonicated; subsequently, 3 mL of the same mixture was
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added to each tube and vortexed. Finally, calcium chloride (800 pL) was added to

the tubes and vortexed. Samples were stored at 4°C overnight.

The clear bottom layer containing the lipid was transferred to a
methylation tube. The original tube was washed with 1mL of chloroform-
methanol-water (86:14:1); subsequently, allowed to separate and then bottom
layer transferred. Samples were dried under nitrogen gas and 160 pL chloroform

was added and then vortexed.

3.3.2 Thin Layer Chromatography

Thin layer chromatography plates (G plated, Silica Gel G, 20 x 20cm, 250
microns, Analtech Inc., Newark, DE) were heated for one hour at 160°C in an
oven. Samples were spotted in duplicate columns on the G plates. Plates
containing the spotted samples were placed into solvent mixture tank (80: 20: 1
petroleum ether-ethyl ether- glacial acetic acid). Once the solvent reached the top
of the plate, plates were removed from the solvent tanks and left to dry. Plates
were sprayed with 0.1% ANSA (8-anilino-1-naphthalene-sulfonic acid) to
visualize the phospholipid (PL) and triglyceride (TG) bands under ultraviolet

light. PL and TG bands were identified, scraped and added to methylation tubes.

3.3.3 Phospholipid and Triglyceride Methylation

C17:0 (50 pg/mL) was added to tubes containing PL. Two mL of hexane
and one mL of boron trifluoride (BFs) were added to each tube. Samples were
heated in a dry bath for one hour at 110 °C and then left to cool at room
temperature. The standard C15:0 (100 pug/mL) was added to each TG tube and

dried under nitrogen gas. Once the solution was dry, 1 mL of potassium
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hydroxide (KOH) in methanol was added and heated for one hour in the dry bath
at 110 °C. Subsequently, hexane (2mL) and BF; (1mL) were added to TG tubes
and heated again for one hour in the dry bath at 110°C. Once cooled, distilled
water (ImL) was added to both TG and PL samples and vortexed. Tubes were
refrigerated for 15 minutes to allow for separation. The top layer from each of the
TG and PL tubes were transferred to a GC vial and dried under nitrogen gas.
Hexane (200 pL) was added to the dried samples and was pipetted into a glass
insert and placed into GC vials. Samples were stored at —20°C until analysis with

gas liquid chromatography (GLC).

3.3.4 Gas Liquid Chromatography

GLC was used to analyze the samples (Varian 3900, Varian Instruments,
Georgetown, ON) on a fused silica BP20 capillary column (30m x 0.22 mm
internal diameter, SGE Instruments). Automated GLC was used to separate the
fatty acid methyl esters by means of a Galaxie Chromatography Data System and
a Varian CP-8400 Autosampler equipped with Varian model 3900 (Varian
Instruments, Georgetown, ON). In particular, the abounded phase fused silica
capillary column (BP20: 30 m x 0.25um OD SGE product) was used. The carrier
helium gas was used at a flow rate of 28ml/min with a split injector (20:1). During
the process, the GLC oven temperature was increased from 150°C to 190°C at
20°C /min and then increased from 190°C to 220°C at 2°C/min. Subsequently, the
temperature was held constant for 8 minutes and then increased to 240°C at
5°C/min for a total analysis time of 46 minutes. Saturated, monounsaturated, and

polyunsaturated fatty acids were separated between 6 and 24 carbon chain
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lengths. The peaks were compared to a known standard, and the amount (g) and

proportion (%) of each fatty acid were determined.

3.4  Statistical Analysis

The data is presented as a mean with = SD. Independent samples and t-
tests were used for comparison between the two control groups. A one-way
analysis of variance (ANOVA) was used to determine significant differences
between groups. Statistical significance was reported when the p value was <0.05.
When a significant overall difference was observed, post-hoc analysis was
completed using the Bonferroni model. All statistical analyses were performed

using SPSS 17.0 (Chicago, IL) for Windows.

3.5 Results

3.5.1 Body Weight

TUM group exhibited lower body weight than REF group (161+5.8 g
versus 170.9 £ 9.2; P = 0.03) (see Appendix A). Body weight of rats on CMO
group was significantly lower than those on FO group (155+6.9 g versus
167.8+£10.0 g; P = 0.011) but was not differ than rats in TUM group (155+6.9 g
versus 161+5.8 g; P = 0.412). Body weight of FO group was similar to TUM

(167.8+10.0 g versus 161+5.8 g; P = 0.260) (see Figure 3-2).

3.5.2 Triglyceride
Total amount of TG fatty acid within the gastrocnemius muscle was
comparable between TUM and FO. CMO contained the greatest amount of TG

fatty acids compared all other groups. The proportion of SFA was significantly
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higher in the FO group compared to other groups, due to the higher proportion of
C16:0 and C18:0, however on a quantitative basis amount of SFA was lowest in
the FO compared to TUM and CMO (0.3 £ 0.1pg/mg versus 1.0£2.0 pg/mg
versus 3.7+£5.0 pg/mg; P = 0.028) as this group contained the lowest amount of
TG fatty acids. The proportion of MUFA was lowest in the FO group largely due
to lower C18:1n-9. Total n-6 fatty acids were significantly lower in FO compared
to the other groups, mainly due to a smaller proportion of C18:2n-6. FO exhibited
the highest proportion of C20:5 n-3, C22:6 n-3, and total n-3 fatty acids in skeletal
muscle TG. On the other hand, C20:5 n-3 was not detected in TUM and CMO
groups (see Table 3-2). There were few differences in fatty acid composition of
muscle TG between the REF and TUM groups. C16:0 was significantly higher in
REF but the proportions of C18:0 and total SFA were comparable between
groups. TUM exhibited a higher proportion of 18:1 and total MUFA compared to
REF. There were no significant differences in C20:5 n-3 and C22:6 n-3 between

REF and TUM groups (see Appendix B).

3.5.3 Phospholipid

The total amount of PL fatty acids in gastrocnemius muscle was
comparable among all of the groups. The proportion of SFA including C16:0 and
C18:0 and MUFA including C18:1 n-9 were comparable between the groups. FO
exhibited significantly less 20:4 n-6 than the other two groups (see Table 3-3). FO
exhibited the highest proportion of n-3 fatty acids due to higher C20:5n-3 and
C22:6n-3 compared with the other two groups. In comparing the TUM and REF

groups, total amount of PL fatty acids was higher in the TUM group. There were
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no significant differences in the proportion of C16:0 and C18:0 between the
groups. However, REF rats exhibited higher total SFA than TUM. Proportions of
n-6 and n-3 were higher in the TUM group, largely due to a higher proportion of

C18:2 n-6 and C 22:6 n-3 respectively (see Appendix C).

3.6  Discussion

This is the first study to measure the amount and types of fatty acids
within skeletal muscle obtained from a Ward colon tumor bearing rats following
one cycle of CPT-11/5-FU treatment. The data presented in this study supports
observations of a clinical study in our lab (Murphy et al., 2011). The present study
revealed that the combination of CPT-11 and 5-FU significantly decreased body
weight and altered fatty acid TG and PL amount and composition inside the
gastrocnemius muscle of rats bearing the Ward colon tumor. EPA and DHA in
diet prevented body weight loss during chemotherapy treatment. Although
intramuscular triglyceride appears to increase after one cycle of CPT-11/5-FU,
EPA and DHA supplementation prevented triglyceride accumulation in muscle

during chemotherapy treatment.

Myosteatosis and loss of muscle mass and body weight are important
predictors of treatment response and mortality in cancer patients (Prado et al.,
2009; Martin et al., 2011). However, the fatty acid profile of skeletal muscle of
cancer patients is not well characterized. In a previous study, it was reported that
patients with advanced non small cell lung cancer experienced a significant loss
of muscle mass with gained in intramuscular adipose tissue during cisplatin-based

chemotherapy. These observations were recognized by using CT images to
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quantify body compositions. Interestingly, EPA and DHA supplementation
increased muscle mass and decreased intramuscular adipose tissue compared to
patients who received no intervention and exhibited muscle loss and myosteatosis
(Murphy et al., 2011). No analysis of the fat in muscle was performed in that

study.

In the present study we found a negative association between
intramyocellular fat and body weight. Rats received CPT-11/5FU and fed a
control diet exhibited more TG within the muscle and lower body weight
compared to other groups. One study has shown that in non-small cell lung cancer
patients receiving chemotherapy, the intramuscular adipose tissue, compared to
visceral and subcutaneous adipose tissues, is the only fat depot that increases at
the end of life (Murphy et al., 2010). Another study reported that in the presence
of cancer, weight loss is associated with an increase in the size and number of
lipid droplets in muscle (Stephens et al., 2011). While intramyocellular lipid
droplets have also been observed in obese patients (Van Loon et al., 2004), these
findings suggest that muscle fat infiltration may not be associated with a positive
or negative energy homeostasis; rather, it might relate to the underlying causes of
this imbalance, including catabolic hormonal mediators such as pro-inflammatory
cytokine and insulin resistance (discussed in chapter 1, under title of Lipid

Metabolism in Cancer Cachexia with Skeletal Muscle Loss)

Not surprisingly that rats consuming the FO diet had the highest
proportion of EPA and DHA and total n-3 fatty acids as these were presented in

the diet. However, it was interesting that the fish oil diet prevented body weight
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loss and TG accumulation prior and during CPT-11/5-FU treatment compared to
rats had no intervention with EPA and DHA. These data support evidence from
clinical studies which suggest that supplementation of EPA and DHA may
maintain body weight and prevent fat accumulation inside of the muscle. In
advanced cancer patients with weight loss, supplementation with EPA and DHA
increased the amount of EPA and DHA in the plasma, which was associated with
higher body weights compared to subjects not receiving fish oil (Pratt et al.,
2002). In another study skeletal mass and adipose tissue mass of 40 non-small cell
lung cancer patients were measured using CT images. Patients received either fish
oil (2.2g EPA/day) during chemotherapy (n=16) or standard of care; no
intervention (n=24). Blood was collected and weight was recorded at baseline and
throughout chemotherapy. Daily EPA and DHA supplementation during platinum
based doublet chemotherapy increased muscle mass and decreased intramuscular
adipose tissue in non small cell lung cancer patients compared to control group
(Murphy et al., 2011). A previous study reported the same findings in advanced
pancreatic cancer patients with weight loss, where fish oil normalized the
metabolic environment including reduced the production IL-6 and increased
serum insulin concentration. These changes occurred with association with weight
gain (Barber et al., 2001). This evidence from clinical studies and our experiment
may suggest that EPA and DHA are essential components for muscle health and
may help to maintain body weight and reduce the pathological accumulation of fat
in muscle. However, the mechanism of how EPA and DHA affect muscle mass

needs further studies.
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Linoleic acid (C18:2 n-6) is the dietary precursor for synthesizing
arachidonic acid (AA) (C20:4 n-6) and other fatty acids within the n-6 series,
including C22:4 n-6 and C22:5 n-6. This study found that the proportion of LA is
significantly higher in CMO in comparison to other groups, which accounted for
increase of n-6 in CMO group. Increase in the amount of n-6 derived eicosanoids
modulates the production of pro-inflammatory cytokines (Nielsen et al., 2005,
Calder, 1997), such as IL-6, which may lead to an increase in muscle catabolism
and mitochondrial dysfunction (White et al., 2010). Lipids stored in muscle
usually serve as a fuel for mitochondria oxidation (Hoppeler et al., 1973),
suggesting that a decrease in the size or number of mitochondria may cause lipid
accumulation inside of the muscle. In this study increased EPA, DHA and total n-
3 fatty acids in the muscle triglyceride and phospholipid of rats consumed fish oil
diet caused a significant reduction in n-6/n-3 fatty acids ratio in both TG and PL
of muscle tissue, especially compared to CMO group. Furthermore, N-6 and n-3
utilize the same A-6 desaturases enzyme; however, it appears that A-6 desaturases
activity prefers n-3 to n-6 PUFAs because n-3 fatty acids have higher affinity for
A-6 than for n-6 fatty acids (Plourde & Cunnane, 2007). In 2010, Brennan used
the fat-1 mouse which has the ability to convert n-6 fatty acids to longer chain n-3
fatty acids. These mice exhibited a significant reduction in n-6/n-3 fatty acids
ratio due to increase n-3 in several tissues including skeletal muscle compared to
wild type mice (Brennan et al., 2010). Increase n-6/n-3 ratio has been observed to
be associated with increase 1L-6 and TNF-alpha in cancer patients (Tashiro et al.,

1998).
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In conclusion, this study indicated that rats receiving one cycle of CPT-
11/5-FU have a lower body weight and a higher amount of triglyceride inside the
gastrocnemius muscle in comparison to rats that did not receive chemotherapy.
Also, chemotherapy treatment seems to change the fatty acid composition in both
triglycerides and phospholipids. However, a fish oil diet prevented body weight
loss and resulted in a lower amount of triglycerides during chemotherapy
treatmentCPT-11/5-FU treated rats that were fed a fish oil diet exhibited lower

amounts of SFA and n-6 fatty acids as well as higher amounts of n-3 fatty acids.

Assessing the effect of EPA and DHA on skeletal muscle fatty acid
composition after several cycle of chemotherapy would also report if EPA and
DHA supplementation could prevent body weight loss and fatty acids infiltration
of skeletal muscle following several cycle of treatment or not. In the present study
we assessed the effect of fish oil on IMCL after only one cycle of CPT-11 /5-FU,
however, clinically cancer patients receive no less than three cycle of
chemotherapy. In addition, the mechanisms of altered fatty acids composition in
muscle during chemotherapy as well as the effect of EPA and DHA on IMCL

during chemotherapy need further studies.
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Table 3-1. Experimental Diets

Ingredient (g/100 g of diet) Control Fish oil
Constant portion Casein 25.2 25.2
Modified AIN-76 basal mix Methionine 0.25 0.25
(46 g/100 g) Mize starch 23.7 23.7
Glucose 13.95 13.95
Vitamins (AIN-76) 1 1
Minerals (AIN-76) 5 5
Inositol 0.6 0.6
Choline 0.3 0.3
Variable portion Soybean stearine 15.22 13.84
Lipids (20 g/100 g) Linseed oil 0.4 0.4
Sunflower oil 0 3.46
Safflower oil 4.38 0
Fish oil* 0 2.3
Fibers (10 g/100 g) Cellulose 10 10
Total 100 100

All diets contained 262 g of protein and 15.48 MJ of energy per kilogram. The constant portion
consisted of the premixed modified American Institute of Nutrition-76 (AIN-76) basal ingredients
(Harlan Teklad); the variable portion was formulated to allow the addition of selected
fat/fiber/amino acid elements. Other ingredients were supplied: soybean stearine (ICN
Biomedicals, Inc.), safflower oil (Canadian Superstore, President’s Choice, AB), linseed oil
(Planet Organic, Gold Top, AB), fish oil (Ocean Nutrition Canada). Fish oil containing diets
contained C18:3(3), C 20:5(3), C 22:5(3), and C 22:6(3), respectively, at 0.2%, 3.2%, 0.2%, and
0.8% of total fatty acids, and had an n-6:n-3 ratio of 3.8. Control diets contained 1.1% of total
fatty acids as C18:3(3) and had an n-6: n-3 ratio of 21.0 (Adapted from H. Xue et al., 2007).

43



Table 3-2. Fatty Acid Composition of Muscle Triglycerides in Rats Bearing a

Ward Colorectal Carcinoma

Fatty Acid (%) TUM (n=9) CMO (n=8) FO (n=9) P-Value
C 16:0 216 24 213 £ 19 248 + 3.4# 0.03
C 18:0 121+ 4.6 113 31 239 = 5.0*% P<0.001
C18:1n-9 322 % 2.8 286 £ 41 242 + 23*%  P<0.001
C 18:2n-6 26.8 + 3.6 299 = 31 219 £ 38*t P<0.001
C 20:4 n-6 12 = 0.2 17 + 1.0 20 = 15 0.32
C 20:5n-3 ND ND 18 = 1.5*% P<0.001
C22:6 n-3 04 = 0.7 01 =+ 0.4 42 + 1.7*# P<0.001
Y'SFA 341+ 3.6 330 + 45 489 + 79*% P<0.001
SMUFA 346 + 25 325 + 39 251 + 24% P<0.001
>'n-6 289 t 4.1 321 £ 40 239 + 44* P<0.001
>n-3 12 = 0.7 06 + 0.7 6.9 = 3.7% P<0.001
n-6/n-3 325 £+ 210 204 <+ 26.2 32 + 16* 0.01
Total (ug/mg) 47 £ 40 85 + 92 06 * 04# 0.03

*Significantly different from Tumor (P< 0.05)
# Significantly different from irinotecan/5-FU (P< 0.05)

Fatty acid within gastrocnemius muscle of rats bearing a Ward colon cancer received CPT-11/5-
FU either fed a fish oil (FO) or control diet (CMO). Not treated rats (TUM) used as reference to
compare. A hundred pL of C15:0 (100 pg/mL) was used to determine the total amount of fatty

acids (ug/mg). Individual fatty acids were determined as proportionate amount (%) of total TG.

Data is expressed as means * standard deviation. One way ANOVA was used to determine

significant differences between groups. Abbreviations: SFA, saturated fatty acids; MUFA,

monounsaturated fatty acids; ND, not detected.
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Table 3-3. Fatty Acid Composition of Muscle Phospholipid in Rats Bearing a

Ward Colorectal Carcinoma

Fatty Acid (%) TUM (n=9) CMO (n=8) FO (n=9) P-Value
C 16:0 199 + 76 243 + 26 226 + 34 0.21
C 18:0 274 + 33 26.5 + 09 2715 = 29 0.74
C18:1n-9 37 + 10 36 + 08 37 + 25 0.96
C18:2n-6 127 =+ 17 115 + 20 132 + 3.2 0.34
C 20:4 n-6 16.7 + 3.2 15.1 + 15 8.4 + 2.2%t  P<0.001
C 20:5n-3 0.1 + 01 ND 2.0 + 09*% P<0.001
C22:6 n-3 128 =+ 21 10.0 + 20 158 =+ 13*% P<0.001
Y'SFA 485 + 49 532 + 38 511 + 33 0.08
>MUFA 5.6 + 12 6.2 + 10 6.1 + 28 0.81
Y'n-6 298 + 38 268 + 10 217 £ 26*% P<0.001
>n-3 156 =+ 22 12.8 + 26 202 = 1.9% P<0.001
n-6/n-3 1.9 + 03 2.2 + 05 11 + 0.2*%t P<0.001
Total (ug/mg) 58+ 13 4.0 + 23 42 £ 09 0.08

*Significantly different from Tumor (P< 0.05)

# Significantly different from irinotecan/5-FU (P< 0.05)

Fatty acid within gastrocnemius muscle of rats bearing a Ward colon cancer received CPT-11/5-
FU either fed a fish oil (FO) or control diet (CMO). Not treated rats (TUM) used as reference to
compare. A hundred pL of C17:0 standard (50 pg/mL) was used to determine the total amount of
fatty acids (ug/mg). Individual fatty acids were determined as proportionate amount (%) of total
TG. Data is expressed as means + standard deviation. One way ANOVA was used to determine
significant differences between groups. Abbreviations: SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids ; ND, not detected.
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Figure 3-1. Study Design
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Figure 3-2. Effect of Fish Oil Diet During Chemotherapy

Fish oil diet Prevented Body Weight Loss during
Chemotherapy Treatment
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*Significant between fish oil vs control diet during CPT-11/5-FU treatments.

Body weight of rats bearing a Ward colon cancer received CPT-11/5-FU either fed a fish oil (FO)
or control diet (CMO). Not treated rats (TUM) used as reference to compare. Body weight
between groups was measured on the euthanized day. Data is expressed as means + standard error.
Significant differences (P<0.05) were determined using oneway ANOVA.
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Chapter 4

Conclusion

The first objective of the present study was to evaluate lipid content and
composition of gastrocnemius muscle tissue of Ward colorectal tumor bearing rats
one week after receiving CPT-11 + 5-FU compared to tumor bearing rats not
receiving chemotherapy. It was hypothesized that rats undergoing CPT-11/5-FU

treatment would exhibit,

=

lower body weight,
2. higher content of triglyceride fatty acid in muscle tissue,

3. greater amounts and proportions of saturated fatty acids in muscle

triglyceride , and

4. lower proportions of EPA and DHA fatty acids in muscle triglyceride

and phospholipid.

This study reported that rats receiving CPT-11/5-FU had lower body
weight and exhibited the higher amount of fatty acid triglyceride inside the
gastrocnemius muscle, especially in comparison to those fed a fish oil diet prior
and during the chemotherapy treatment. The proportion of saturated fatty acids
within the muscle triglycerides was significantly higher in FO compared to TUM
and CMO groups. However, the proportion of SFA in FO was similar to REF
group, suggesting that the proportion of SFA within muscle triglycerides in FO
was not pathological. Furthermore, the proportion of linoleic acid was

significantly higher in CMO in comparison to the rats in the other two groups,
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which may account for increase n-6 in CMO group. The proportion of n-3 was
lower in CMO due to lower EPA and DHA comparing to other groups in both

triglyceride and phospholipid.

The second objective was to evaluate lipid content and composition of
gastrocnemius muscle tissue in Ward colorectal tumor bearing rats one week after
receiving CPT-11/ 5-FU and fed a diet containing fish oil compared to tumor
bearing rats undergoing CPT-11/5-FU consuming a diet without fish oil. It was
hypothesized that rats undergoing CPT-11/5-FU treatment and feeding fish oil

diet would exhibit,

=

higher body weight,

2. lower content of triglyceride fatty acid in muscle tissue,

3. lower amounts and proportions of saturated fatty acids,

4. higher proportions of n-3 fatty acids in muscle triglyceride,

5. higher proportions of EPA and DHA in muscle phospholipid

compared to rats underwent CPT-11/5-FU and fed a control diet.

This experiment reported that EPA and DHA diet maintains body weight
and prevented triglyceride accumulation in muscle during chemotherapy
treatment. Furthermore, rats that consumed a fish oil diet during chemotherapy
exhibited less total SFA, largely due to lower C16:0 and C18:0 as well as higher
EPA, DHA and total n-3. These findings support the hypothesis in this study and
also suggest that EPA and DHA may be essential nutrients for maintains of

healthy body weight and may prevent TG accumulation within skeletal muscle.
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This is the first study to demonstrate elevated lipid content in muscle
during CPT-11 treatment within the muscle of rats bearing a Ward colorectal
carcinoma. This study reported that the effect of CPT-11/5-FU on intramuscular
adipose tissue is eliminated when fish oil is provided in the diet. This parallels
human studies where there was higher IMAT, assessed by CT imaging, following
cisplatin based doublet chemotherapy that was ameliorated when patients were

provided fish oil during their therapy (Murphy et al., 2011).

The strength of this study is we used two control groups; one did not
receive a tumor or chemotherapy and fed a control diet (Healthy Rats). The other
group has a tumor but no chemotherapy provided and fed a control diet. We used
a tumor group to compare the effect of the chemotherapy and fish oil diet during
chemotherapy on fatty acids composition because chemotherapy is provided to
people with tumor, not to healthy people. However, tumor produces a different
lipid homeostasis compared with healthy individuals. Therefore, we compared
rats bearing a colon tumor with healthy rats to assess the effect of the tumor on

fatty acids of both triglyceride and phospholipid and also on the body weight.

This study has several limitations. We did assess total amount of fat and
fatty acids composition after only one cycle of chemotherapy but clinically
patients typically receive a minimum of two cycles of chemotherapy. In advanced
cancer patients, low level of n-3 fatty acids in plasma PL has been observed
following chemotherapy treatment, with further declines following high dose
chemotherapy (Murphy et al., 2010; Pratt et al., 2002). Measuring skeletal muscle

fatty acid composition after several cycle of chemotherapy would also report if
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EPA and DHA supplementation could prevent body weight loss and fatty acids
infiltration of skeletal muscle following several cycle of treatment or not.
Furthermore, we did present that chemotherapy has an effect on body weight and
fatty acids composition of muscle tissue in cancer model but the mechanism of
altered fatty acids composition in muscle during chemotherapy is not fully
addressed. Assessing genes and proteins related to fatty acids metabolism
including the adipogenesis transcriptional factors (PPARs, C/EBPs, SHREBP-1c)
in addition to the proinflammatory-cytokines (IL-6 and TNF-alpha) and the
function of mitochondria in colorectal cancer would be areas that require further
investigation. EPA and DHA presented to have a positive effect on body weight
and also it prevented the accumulation of triglyceride inside the muscle of rats
bearing a Ward colorectal carcinoma undergoing chemotherapy treatment.
However, we do not know how EPA and DHA interfere with chemotherapy.
Thus, addressing the metabolism of these fatty acids during chemotherapy needs

further studies.

This study enables us to report that feeding a 2.3g of fish oil per 100g of
the diet prior and during receiving CPT-11/ 5-FU able to prevent body weight loss
and triglyceride accumulation inside of skeletal muscle of rats bearing a Ward
colorectal carcinoma and it could be used clinically to prevent myosteatosis

during chemotherapy.
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Appendix A
Body Weight in Rats with Ward Colon Tumor

Body Weight Decreased in Rats Bearing a Ward Colon
Tumor

174
172
170
168
166
164
162
150
158
156
154

Body weight (g)

REF TUM

*P=0.03

Body weight between Healthy (REF) and rats had a Ward colon tumor with no treatment (TUM)
groups was measured on the euthanized day. Data is expressed as means + standard error.
Significant differences (P<0.05) were determined using independent-sample t-test.
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Appendix B
Fatty Acid Composition in Healthy Rats and Rats Bearing
a Ward Colorectal Carcinoma Muscle Triglycerides

Fatty Acid (%) REF (n =8) TUM (n=9) P-Value
C 16:0 299 £ 9.6 216 £ 2.4 0.03
C 18:0 20.0 + 16.8 121 + 4.6 0.20
C18:1n-9 195 + 11.6 32.2 + 2.8 0.01
C18:2n-6 20.8 + 115 26.8 + 3.6 0.16
C 20:4 n-6 2.7 + 3.1 12 + 0.2 0.17
C 20:5n-3 ND ND 0.14
C22:6 n-3 ND 04 + 0.7 0.18
Y'SFA 50.7 ¢ 25.6 341 + 3.6 0.07
>MUFA 22.8 + 12.8 34.6 + 2.5 0.01
>'n-6 24.0 + 12.9 28.9 + 4.1 0.31
>n-3 0.3 + 0.3 1.2 + 0.7 0.01
n-6/n-3 32.5 + 21.0 27.6 + 35.2 0.74
Total(ug/mg) 1.6 * 1.6 4.7 * 4.0 0.10

C15:0 (100 pg/mL) was used to determine the total amount of fatty acids (png/mg). Individual fatty
acids were determined as proportionate amount (%) of total TG. Data is expressed as means +
standard deviation. Independent sample T-Test was used to determine significant between groups.
Abbreviations: SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; ND, not detected.

58



Appendix C
Fatty Acid Composition in Healthy Rats and Rats Bearing
a Ward Colorectal Carcinoma Muscle Phospholipid

Fatty Acid (%) REF (n =8) TUM (n=9) P-Value
C 16:0 27.9 + 4.0 19.9 + 7.6 0.02
C 18:0 26.5 + 21 27.4 + 3.3 0.53
C18:1n-9 4.0 + 1.7 3.7 + 1.0 0.64
C 18:2n-6 10.6 + 15 12.7 + 1.7 0.01
C 20:4 n-6 143 % 1.9 16.6 + 3.2 0.95
C 20:5n-3 ND 0.1 + 0.1 0.25
C 22:6 n-3 10.5 + 0.7 12.8 + 2.1 0.01
> SFA 56.4 + 4.0 48.5 + 4.9 P<0.001
> MUFA 5.9 + 1.8 5.6 + 1.2 0.74
>'n-6 25.0 + 24 29.8 + 3.8 P<0.001
>n-3 12.4 + 1.0 15.6 + 2.2 P<0.001
n-6/n-3 20 0.2 29 £ 3.0 0.52
Total (ug/mg) 3.4 * 1.0 5.8 * 1.3 P<0.001

C17:0 (50 pg/mL) was used to determine the total amount of fatty acids (ug/mg). Individual fatty
acids were determined as proportionate amount (%) of total TG. Data is expressed as means +
standard deviation. Independent sample T-Test was used to determine significant between groups.
Abbreviations: SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; ND, not detected.
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