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Through the results of numerous investigations it has become clear that dietary 

fish oils lower plasma triglyceride levels. A role for adipose tissue and muscle in this 

process via alterations in lipoprotein lipase activity was investigated. Male weanling 

Sprague-Dawley rats were fed either n-3-rich fish oil (FO) or n-6-rich com oil (CO) 

diets, which were well matched and equalized in fatty acid composition and vitamin E 

content. After 4 weeks of feeding, the rats from both groups were randomly divided into 

2 groups. One half received an injection of methyl ethyl ketone peroxide (MEKP) 

dissolved in vitamin E-stripped com oil to induce in vivo lipid peroxidation and create 

an oxidatively stressed environment. The other group received a placebo injection of 

vitamin E-stripped com oil. The effect of n-3 and n-6 fatty acids and MEKP on the 

epididymal, subcutaneous and retroperitoneal (inclusive of perirenal) fat pads and the 

gastrocnemius and soleus muscle were studied in unfasted animals, by measuring 

lipoprotein lipase activity (LPL) (by an enzymatic method), total lipid, fatty acid profile 

and adipocyte size, number and distribution. 



The retropentoneal and epididymal fat pad weights were lower in fish-oil fed 

animals than corn-oil fed ones. The distribution of adipocyte by size showed that the FO- 

fed animals had significantly higher percentage of smaller diameter cells, while the CO- 

fed ones had higher percentage of larger diameter cells. Lipid content of the 

retropentoneal and epididymal fat pads were lower in the FO-fed rats. Lower LPL 

activity was seen in the retroperitoneal and subcutaneous fat pads and not in epididymal 

fat pad. The FO-fed rats had significantly higher amounts of saturated and 

monounsaturated fatty acids in all three adipose tissues and the gastrocnemius muscle 

when compared to CO-fed animals. Low amounts of 20:5n-3 and 22:6n-3 were 

accumulated in all three adipose tissues, whereas higher amounts of these n-3 PUFA 

were found in the gastrocnemius muscle of FO-fed rats. 
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Effect of n-3 vs n-6 Fatty Acids and Methyl Ethyl Ketone Peroxide on Adipose Tissue 
Cellularity, Muscle Weight, and Lipoprotein Lipase Activity in Rats 

INTRODUCTION 

The protective role of n-3 polyunsaturated fatty acids (PUFA) in reducing 

cardiovascular disease has been shown through many epidemiological, biochemical and 

clinical studies. This protective effect has been shown to be brought about by lowering 

plasma triglyceride levels. The role that extrahepatic tissues such as muscle and adipose 

tissue play in the metabolism of n-3 fatty acids, both their negative and positive effects, 

has not been thoroughly investigated. 

Data from various investigations have shown that fish oils, specifically the n-3 

fatty acids found in fish oils, limit triglyceride (TG) accumulation in adipose tissue. 

When n-6 fatty acids were used instead of n-3 fatty acids, similar effect has been 

observed. The observed lowering of triglycerides may be attributed to lowered 

lipoprotein lipase (LPL) activity, which make fewer fatty acids available for uptake by 

tissues. This reduced triglyceride accumulation in adipocytes may be reflected by 

increased uptake (as seen by increased LPL activity) in the muscle, as shown in few of 

the studies. Thus, PUFA appear to have a distinct role in the lipid metabolism in 

extrahepatic tissues. However, the results of such investigations have been few, varied 

and contradictory. 

The purpose of this study was to determine if the consumption of fish oil by rats 

altered adipose tissue or muscle structure, if the effects were mediated through variations 

in LPL activity, and if LPL activity could be modified by the use of MEKP. 



REVIEW OF LITERATURE 

NOMENCLATURE 

Fatty acids are obtained from the hydrolysis of such fats as triglycerides, 

cholesterol esters and phospholipids. By far the great majority of fatty acids that occur 

in natural fats contain an even number of carbon atoms and are straight chain carbon 

derivatives. The chain may be saturated (containing no double bonds) or unsaturated 

(containing one or more double bonds). Common saturated fatty acids are stearate 

(International Union of Pure and Applied Chemistry or IUPAC name, octadecenoate) and 

palmitate (hexadecanoate). The most common monounsaturated fatty acid (MUFA) is 

oleate (9-octadecenoic acid); the most common polyunsaturated fatty acids (PUFA) are 

linoleate (9,12-octadecadienoate), linolenate (9,12,15-octadecatrienoate) and arachidonate 

(5,8,11,14-eicosatetraenoate). 

Often times fatty acids, rather than being referred to by their common or IUPAC 

name, are represented by a shorthand notation, such as 18:3n-3. In this system the 

number before the colon indicates the number of carbon atoms in the fatty acid chain; 

the number following the colon is the number of double bonds; the number following the 

n indicates the location of the first double bond with the point of reference being the 

methyl end of the molecule. Hence, the notation 18:3n-3 means that the molecule 

contains 18 carbon atoms, three double bonds, and that the first double bond is three 

carbons from the methyl end. 
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Dietary fatty acids are grouped into one of three families based on the location 

of the first double bond from the methyl end of the molecule (IUPAC-IUB, 1977). The 

n-9 fatty acids all have their first double bond between the ninth and tenth carbons, 

counted from the methyl end of the fatty acid chain; the n-6 fatty acids all have their first 

double bond between sixth and seventh carbons; and the n-3 fatty acids all have their first 

double bond between third and fourth carbons. 

Fatty acids from one family cannot be converted to those of another by 

mammalian systems. Thus a series of fatty acids of increasing chain length or increasing 

desaturation derived from oleic acid (18:ln-9) are known as the n-9 family. Similarly, 

the n-3 and n-6 families are based on the chain elongation and desaturation of their parent 

molecules, a-linolenic acid (18:3n-3) and linoleic acid (18:2n-6), respectively (Figure 1). 

The major metabolites in the n-3 family are eicosapentaenoic acid (EPA, 20:5n-3) and 

docosahexaenoic acid (DHA, 22:6n-3) while arachidonate (20:4n-6) is the major one in 

the n-6 family. 

Although complex array of fatty acids are found in foods, often a food is 

associated predominantly with a single fatty acid. Linoleic acid, an n-6 fatty acid, is 

found in plant foods (e.g. com and safflower oil). Com oil has 61% linoleic acid while 

safflower oil has 77% of this fatty acid. Arachidonic acid, another member of the n-6 

family, is found in low concentrations in meats although meats are often characterized 

by their saturated fatty acid content. The n-3 fatty acids are usually in low 

concentrations in foods. Soybean oil is 7% a-linolenic acid, canola oil is 10% a-linolenic 

acid, and the leafy vegetable purslane contains 300-400mg/100g fresh leaves of a- 



FIGURE 1 

KINDS OF FATTY ACIDS 

Family 
Common 

Fatty Acids Structure 
Shorthand 
Notation Source 

n-9 oleic AAA/WWVV, 18:ln-9 olive oil 

n-6 linoleic Mhxhww00" 18:2n-6 corn oil, 
safflower oil 

arachidonic A    A  6^ 9^_12^_15               OOH 

AATXTXTNTW 20:4n-6 low concentrations 
in meats 

n-3        linolenic A-vyvwu 18:3n-3       soybean oil 

eicosapentaenoic     /\=/\==/\=J\=J\=J\AOOH 20:5n-3       fish oil 

docosahexaenoic     /^U/U/W^AAAQ^        22:6n-3       fish oil 
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linolenic acid (Simopoulos et al., 1992). The highly unsaturated fatty acids EPA and 

DHA are found in fish, shellfish, and phytoplankton and are concentrated in fish oils. 

Their content can range from less than a percent to greater than 20%. Generally, in 

unprocessed foods DHA content exceeds that of EPA. 

HEALTH ROLE OF N-3 FATTY ACIDS 

a. Essentiality 

Essential fatty acid (EFA) deficiency symptoms were first described by Burr and 

Burr (1929). The symptoms included dermatitis, hair loss, decreased growth rate, fatty 

livers, kidney damage, fetal resorption in females, testicular degeneration in males, and 

increased permeability of the skin to water. Currently, only n-6 fatty acids are considered 

to be essential nutrients in mammals. However, evidence for an essential role of n-3 fatty 

acids has been proposed. Proper skin function in mammals has been shown to be 

dependent on an adequate intake of n-3 fatty acid. Fiennes et al. (1973) and Bjerve et al. 

(1987) showed that skin lesions developed in capuchin monkeys and humans when 

deprived of an n-3 fatty acid source. Indications of the importance of n-3 fatty acids in 

the reproductive system have been shown by Nissen and Kreysel (1983). Lately, it has 

been demonstrated by Neuringer and Connor (1986) that n-3 fatty acids are important in 

the structure and function of biological membranes, particularly in the retina and the 

central nervous system. They found that rhesus monkeys require n-3 fatty acids for 

normal vision. Thus, although it is not confirmed that n-3 fatty acids are essential, they 

seem to have varied and important roles in human nutrition. 
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b. Role in Coronary Heart Disease 

Various epidemiologic studies have shown that the consumption of fish is 

associated with a decreased mortality from coronary heart disease (CHD). Kromhout et 

al. (1985) showed that the consumption of as little as 30g fish per day was associated 

with decreased mortality from CHD. The Greenland Eskimos, who have a higher intake 

of marine n-3 fatty acids than individuals who consume the traditional Western diet, have 

a very low incidence of ischemic heart disease (Dyerberg and Bjerregaard, 1987). They 

also have lower cholesterol, very low density lipoprotein (VLDL), and low density 

lipoprotein (LDL) levels and higher high density lipoprotein (HDL) levels when 

compared to Danes (Dyerberg and Jorgensen, 1982). The traditional diets of these 

Eskimos although high in fat contains large quantities of fish and marine animals. 

Additionally, Kagawa et al. (1982) showed higher serum eicosapolyenoic acid levels 

(20:3, 20:4 and 20:5) and lower incidence of cardiovascular disease among a group of 

Japanese living on Kohama Island (who had a high fish consumption) when compared to 

those residing on the mainland. 

Intervention trials have demonstrated that serum lipid levels can be lowered by 

the consumption offish or fish oils (Dyerberg, 1986; Herold and Kinsella, 1986). Among 

the earliest of these was a study using healthy volunteers in which a diet based on salmon 

and salmon oil was compared with a vegetable oil diet rich in linoleic acid and a control 

diet which simulated a typical American diet (Harris et al., 1983). These investigators 

showed that plasma triglyceride concentrations dropped in the salmon oil group compared 

to control, while the vegetable oil had no effect on plasma triglyceride levels. Slight 
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decreases in cholesterol levels were seen with both the vegetable oil and salmon oil diets. 

Through the results of numerous other investigations (for a review see Harris, 1989), it 

has become clear that dietary fish and fish oils consistently lower plasma concentrations 

of VLDL and thereby plasma triglyceride levels, but the effect on cholesterol levels is 

less consistent. Connor (1986) suggested that the mechanism of triglyceride lowering by 

fish oil fatty acids is by inhibition of the synthesis of VLDL and not by alteration in 

catabolism of lipoproteins. 

c. Cancer 

Cancer incidence and mortality may be lower in the presence of dietary n-3 fatty 

acids. Epidemiological data, especially data about breast cancer, in Greenlanders and 

Japanese have supported this observation. Nielsen and Hansen (1980) and Kromann and 

Green (1980) showed that the distribution of cancer types was very different among 

Eskimos when compared to western populations and that the incidence of breast cancer 

was half that of Danish women. Nielsen and Hansen (1980) found that prostate cancer 

was almost nonexistent in Greenlandic men. Animal experiments have supported this fact 

as oils rich in n-3 fatty acids caused a decrease in number of mammary tumors in rats 

(Karmali et al., 1984; Jurkowski and Cave, 1985). In a review of the role of n-3 fatty 

acids in cancer, Karmali (1987) stated that a diet high in n-3 fatty acids is associated with 

a decrease in the incidence, growth, and metastatic spread of a variety of experimental 

tumors. 
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d. Inflammatory Disorders 

Epidemiological studies reveal that the incidence of chronic degenerative 

inflammatory disorders, including rheumatoid arthritis, psoriasis, and ulcerative colitis, 

was lower in Greenland Eskimos than in Caucasians (Kromann, 1980). It has been 

suggested that the EPA content of their diet may modulate inflammatory responses 

through reduction in the formation of proinflammatory eicosanoids. This has been 

supported in animal studies by Terano et al. (1984), who found a decreased concentration 

of the proinflammatory eicosanoids, prostaglandin Ej, thromboxane Bj and leucotriene 

Bj, in exudates of rats supplemented with EPA. 

Although the positive effects of n-3 PUFA have been proven and their 

consumption advocated, new research has suggested possible negative effects of fish oils. 

As discussed earlier, the fatty acids in fish oil are highly unsaturated. Their high degree 

of unsaturation makes them more susceptible to oxidation than other fatty acids. The 

content of EPA and DHA increases in most cell membranes after their consumption. It 

is thought that once they are incorporated into the membrane, they are susceptible to free 

radical oxidation. Free radicals and their products have been linked to various pathologies 

such as cancer, respiratory diseases, ischemia or reoxygenation injury, and rheumatoid 

arthritis (Halliwell and Gutteridge, 1989). Steinberg et al. (1989) have shown a role 

played by lipid peroxidation in the initiation and progression of atherosclerotic plaques. 

The role that extrahepatic tissues such as muscle and adipose tissue play in the 

metabolism of n-3 fatty acids, both their negative and positive effects, has not been 

thoroughly investigated. In order to discuss a potential role for n-6 and n-3 fatty acids 
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on muscle and adipose tissue metabolism, the related topic of in vivo lipid peroxidation, 

both its induction and measurement are first discussed. In addition, a detailed description 

of the lipolytic enzyme, lipoprotein lipase, because of its potential involvement in lipid 

metabolism by extrahepatic tissue is given. 

LIPID PEROXIDATION 

Lipid peroxidation is the oxidative deterioration of PUFA. Lipid peroxidation 

reactions were first recognized by food scientists almost two hundred years ago but only 

in the last 40 years has its relevance to biology and medicine been investigated. This 

interest stems from the fact that products of peroxidation of PUFA have been shown to 

be involved in the etiology of many chronic conditions such as cardiovascular and 

inflammatory diseases and cancer (Machlin and Bendich, 1987; Halliwell and Gutteridge, 

1989; Steinberg et al., 1989). 

Peroxidation of PUFA is initiated by the attack of any chemical species that has 

sufficient reactivity to abstract a hydrogen atom from a methylene carbon in the fatty 

acids. Its removal leaves behind an unpaired electron on the carbon atom, a carbon- 

centered free radical. The origin of an entity capable of abstracting a hydrogen atom in 

vivo is the subject of much speculation. Potentially they can originate enzymatically from 

the electron transport system and various oxidases such as cyclooxygenase and 

lipoxygenase. They also arise from such exogenous sources as components of tobacco 

smoke, air pollutants, and metabolism of drugs and pesticides. After the initiation 

reaction, the resulting carbon radical tends to be stabilized by molecular rearrangement 
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to form a conjugated diene (Figure 2). Although the conjugated dienes have various fates, 

the most common in aerobic cells is to combine with oxygen to give a peroxyl or peroxy 

radical, RO2. These peroxyl radicals can combine with each other or they can attack 

membrane proteins. They can also abstract hydrogen from adjacent fatty acid side chains 

in a membrane and thus propagate a chain reaction (Gutteridge and Halliwell, 1990). 

Thus, the initial hydrogen abstraction can result in the conversion of hundreds of fatty 

acid side chains into lipid hydroperoxides, alkanes, alkenes, aldehydes and hydroxyacids. 

Some of the common end products of the peroxidation process of lipids are ethane, 

pentane, conjugated dienes, and malondialdehyde (MDA) (Kagan, 1988). 

Since fish oil feeding produces membrane lipids containing elevated EPA and 

DHA content, its consumption should be expected to increase lipid peroxidation in 

tissues. This is indeed the case. Findings in our laboratory (Song, 1989) showed that 

tissue peroxidation, measured by hepatic and aortic thiobarbituric acid reactive substances 

(TEARS), was higher in fish oil-fed rats than in com oil-fed ones. Also there was a 

decreased hepatic glutathione peroxidase activity. Hu et al. (1989) showed that there was 

increased TEARS and conjugated dienes in liver and kidney of rats fed 10% menhaden 

oil when compared to a 10% com oil/lard mixture. Lipid peroxidation, as measured by 

exhaled ethane, hepatic conjugated dienes and lipid fluorescence, significantly increased 

in mice fed n-3 fatty acid-rich cod liver oil diets (Odeleye and Watson, 1991). Dhanakoti 

and Draper (1987) demonstrated that the composition of dietary fatty acids had a major 

influence on MDA excretion. It was the highest in animals fed n-3 fatty acids (20:5 and 

22:6) from cod liver oil, intermediate for those fed n-6 (18:2) acids from com oil and 



FIGURE 2 11 

STEPS IN LIPID PEROXIDATION 

A=A=A=/ 
Initiation 

Removal of H» 
(can occur at several 
places in the chain) 

A=A=A=/ 
Vitamin E -*■ = = 

Molecular 
4_ rearrangement 

to form 
conjugated dienes 

\rww 
Major 
reaction 

o2. 
Lipid peroxyl radical 

H« abstraction 
from adjacent 
membrane lipid 

---*— Vitamin E 

02H 



12 

lowest for those fed saturated acids from hydrogenated coconut oil. L'Abbe et al. (1991) 

found a significantly higher incorporation of n-3 fatty acids, particularly DHA, in liver 

and heart lipids of rats and this was associated with significantly higher urinary and tissue 

TBARS. Very recently, Kaasgaard et al. (1992) demonstrated that the content of 

extractable lipofuscin in liver homogenate, used as an indicator of in vivo lipid 

peroxidation, was three fold higher in male cynomolgus monkeys fed a menhaden oil diet 

when compared to com oil and linseed oil fed animals. It is thus clear that the n-3 fatty 

acids are susceptible to in vivo lipid peroxidation. 

Vitamin E (a-tocopherol) has been shown to inhibit lipid peroxidation (Leibovitz 

et al., 1990). It is the most important lipid-soluble antioxidant. It works by quenching 

free radicals and acting as a terminator of lipid peroxidation at various steps such as 

propagation and in the formation of hydroperoxide (Figure 2). a-tocopherol may inhibit 

the peroxidation of PUFA and low density lipoprotein and thereby have a potential role 

in protection against the development of atherosclerosis (Bjomeboe et al., 1990). 

Esterbauer et al. (1991) showed that the oxidative resistance of LDL increased linearly 

with increasing a-tocopherol content. Odeleye et al. (1991) showed that in vivo lipid 

peroxidation was inhibited with high dietary vitamin E intake. Supplementation with 

vitamin E led to decreased susceptibility to in vitro lipid peroxidation in liver and kidney 

homogenates from rats fed either com oil-lard or menhaden oil diets with comparable 

PUFA contents (Hu et al., 1989). 

Assessment of the extent of in vivo lipid peroxidation induced by dietary oils is 

difficult in part because potential changes are small. It may be possible to evaluate 
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changes more critically in an environment in which in vivo lipid peroxidation is induced 

by various chemical agents such as carbon tetrachloride, iron overload, ozone exposure, 

methyl ethyl ketone peroxide (MEKP) and alloxan. MEKP has been shown to deplete 

hepatic vitamin E stores (Warren and Reed, 1991). Once these stores are depleted, the 

tissue will be more susceptible to peroxidation. As MEKP is lipid soluble, it will not be 

a substrate for the GSH-dependent peroxidases and hence becomes a convenient way to 

produce free radicals and thereby induce in vivo lipid peroxidation. Warren and Reed 

(1991) have proposed that MEKP provides a tool with which in vivo peroxidation can 

be studied and that it may be an optimum agent because other chemicals do not provoke 

depletion of vitamin E to the same extent as MEKP and in such short times (24 hours). 

Additionally, it is not an hepatotoxin. It thus offers a potentially unique tool for studying 

physiologic responses in an oxidatively stressed environment. 

Various indices have been used to measure in vivo lipid peroxidation, many of 

which require extensive sample preparation and great care. Some of the common methods 

include measuring the expired ethane as an index of oxidation of n-3 fatty acids and 

pentane as a measure of oxidation of n-6 fatty acids, tissue malondialdehyde (MDA) 

levels, or the fluorescent products of peroxidation (Gutteridge and Halliwell, 1990). 

Draper et al. (1984) suggested that the measurement of urinary MDA serve as a 

noninvasive indicator of the extent of lipid peroxidation in vivo. Among the most 

frequently used methods is the measurement of TBARS. In this procedure MDA and 

numerous other oxidation products formed from lipid peroxides react with thiobarbituric 

acid (TBA) to form a pink chromogen on heating that is measured at 532 nm. The 
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TEARS test is often erroneously referred to as a measure of MDA levels. Recently 

L'Abbe et al.(1991) suggested that the measurement of TEARS in urine could also serve 

as a noninvasive method for measuring in vivo lipid peroxidation. One advantage they 

see to this method over others is the nonspecificity of the TEARS assay which allows one 

to measure numerous oxidation products, including aldehydes and lipid hydroperoxides, 

whereas measurement of the discrete MDA accounts for only a small portion of oxidized 

products. Another is that frequent measurements of large number of animals can be 

performed throughout the study. Because no method is optimum, it is generally suggested 

that lipid peroxidation be measured using more than one technique. 

LIPOPROTEIN LIPASE 

a. General Properties of LPL 

Lipoprotein lipase (LPL, E.G.3.1.1.34) is an acylglycerol hydrolase that was first 

identified as a "clearing factor" that reduced the turbidity of hypertriglyceridemic plasma 

after intravenous administration of heparin (postheparin plasma) (Anderson and Fawcett, 

1950). The enzyme is a peripheral protein that is loosely bound to luminal endothelial 

surfaces of capillaries by membrane-associated glycosaminoglycans, such as heparan 

sulfate. It is readily released into plasma by heparin administration (Smith and Pownall., 

1984; Camps etal., 1990). 

The primary physiological substrates for LPL are the long chain triglycerides and 

phospholipids in chylomicrons and VLDL of plasma. It also catalyzes the hydrolysis of 

water-soluble short chain phosphatidylcholines (Shinomiya and Jackson,   1983) and 
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triglycerides (Rapp and Olivecrona, 1978). It is specific for the sn-l(3) ester bond of 

triglycerides and the sn-1 ester bond of phospholipids. Its principal role is facilitating the 

removal  of plasma  triglycerides   from   the  bloodstream.   When   triglycerides  are 

hydrolyzed, free fatty acids (FFA) and glycerol are made. The FFAs are available for 

uptake into cells where they are either used as fuel or stored (Nilsson-Ehle et al., 1980). 

A serum cofactor (activator) is an important requirement for LPL activity. This cofactor 

is apolipoprotein CII (apo-CII) and is supplied by whole serum, HDL, chylomicrons, or 

VLDL. In addition to the requirement of a cofactor, there are two other characteristic 

properties of LPL. One is the inhibition of enzyme activity by 1M NaCl or protamine 

sulfate; the other is a pH optimum for triacylglycerol substrates of 8-9. 

LPL is synthesized primarily by parenchymal cells and is important in tissues such 

as adipose, cardiac muscle, red skeletal muscle, lung, kidney medulla, aorta and lactating 

mammary gland (Smith and Pownall, 1984). It is functional at the surface of endothelial 

cells (Camps et al., 1990). Earlier work by Nilsson-Ehle et al.(1980) and Cryer (1981) 

have shown that after LPL synthesis occurs within the parenchymal cells of a tissue, it 

is released and transported within the tissue to the luminal surfaces of the capillary 

endothelial cells. 

b. Tissue specificity of LPL and factors affecting its activity 

The level of activity of LPL in individual tissues is a function of physiological, 

hormonal and nutritional states. 
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1. Physiological factors The activity of the LPL in a particular tissue may change with 

alterations in the physiological state. 

a. Feeding and Starvation 

The activity of LPL has been shown to decrease on starvation and increase on 

feeding in the adipose tissue of rats (Robinson, 1960; Hietanen and Greenwood, 1977; 

Fried et al., 1983), cattle (DiMarco et al., 1981), and in human biopsy samples (Bosello 

et al., 1984; Amer et al., 1982). A reciprocal effect, i.e, increased LPL activity in 

muscle during starvation, was found by Hollenberg (1960) and later supported by Kotlar 

and Borensztajn (1977) and Quig et al. (1983). 

b. Exercise 

In both animals and man it has been observed that acute exercise and regular 

endurance training increase LPL activity in skeletal muscle and adipose tissue (Walberg 

et al., 1983; Nikkila et al., 1978). Training has been suggested to help adapt the muscles 

to utilize fatty acids as fuel for exercise and thus spare glycogen and produce less lactate. 

c. Pregnancy and Lactation 

LPL activity increases in mammary gland during late pregnancy and continues at 

a high level throughout lactation as seen in studies on rat, guinea pig and goat (Hamosh 

et al., 1970; Robinson, 1963; Barry et al., 1963). Hemell and Olivecrona (1974) found 

a high LPL activity in human breast milk and suggested that the human mammary gland 



17 

also has high LPL activity during lactation. LPL activity in adipose tissue is markedly 

suppressed during late pregnancy and lactation (Hamosh et al., 1970; Shirley et al., 

1973). These reciprocal changes in LPL activity may help to divert plasma triglyceride 

from storage in adipose tissue to milk production. 

2. Hormonal factors 

There is a definite stimulating effect of insulin on LPL activity in adipose tissue, 

which may explain the high incidence of hypertriglyceridemia in diabetes mellitus where 

the enzyme is lacking. Low levels of LPL activity found in some patients with diabetes 

mellitus have been shown to increase with insulin therapy (Taskinen and Nikkila, 1979). 

The earliest work of insulin on adipose tissue LPL activity showed the enhanced 

secretion of the enzyme by adipocytes (Garfinkel et al., 1976). Glucagon, 

adrenocorticotropic hormone (ACTH) and thyroid stimulating hormone (TSH) inhibit 

LPL activity. A decrease in LPL activity in either postheparin plasma or adipose tissue 

has been observed in hypothyroidism (Krauss et al., 1974). In general, the activity of 

LPL is decreased by hormones which tend to have high activity in the fasting state. 

3. Dietary factors 

An increase in LPL activity precedes increased food intake and thus correlates 

with food intake. Rats fed diets high in carbohydrates have been shown to have higher 

adipose tissue LPL activities than those fed diets high in fat (Lawson et al., 1981). In 
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contrast, in animals and humans it has been demonstrated that muscle LPL activity is 

maintained at low levels after consumption of carbohydrate (Delorme and Harris, 1975). 

Although it has been observed that the high carbohydrate diets increase adipose 

tissue LPL activities when compared to high fat diets, the difference in composition of 

the fats causes variable responses. Some reports have shown that adipose tissue LPL 

activity increases after feeding a diet containing PUFA when compared to lard in rats 

(Pawar and Tidwell, 1968) and in guinea pigs (Cryer et al., 1978), while other studies 

have shown it was lower in the PUFA-fed rat adipose tissues (Paik and Yearick, 1978). 

c. Other Lipases 

There are other lipolytic enzymes present which may be confused with LPL. They 

include hepatic lipase and hormone-sensitive lipase. Hepatic lipase originates primarily 

in the liver. It too is readily released by heparin administration. However, it does not 

react readily with chylomicrons, but reacts with LDL and HDL. Hormone-sensitive 

lipase catalyzes the hydrolysis of triacylglycerol to form free fatty acids and glycerol and 

mobilizes these FFAs from the adipose tissue. It is responsible for the hydrolysis of 

stored adipocyte lipids, prior to their mobilization as FFA. The hormonal control of its 

activity is exerted by cyclic AMP-mediated, reversible phosphorylation. 

d. Measurement of LPL activity 

The assay for LPL activity involves a reaction between the enzyme obtained from 

a plasma or tissue sample, the required lipid substrate, and the cofactor. Because the 
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substrate is lipid soluble but the other factors necessary for measuring LPL activity are 

water soluble, a two-phase oil-in-water system is created. Aqueous samples containing 

LPL are thus incubated with an emulsion of the substrate. 

During the incubation free fatty acids are released. A quantitative measurement 

of these fatty acids is used as a measure of LPL activity. The most commonly used 

substrate for the assay of LPL activity is triolein. Several different cofactors and 

emulsifiers has been used with varying degrees of success. A brief description of all the 

components of the assay is given below. 

(i) Substrate 

Triolein is the preferred triglyceride substrate. Because it is a liquid at room 

temperature, it is better suited for the preparation of an emulsion than many other 

triglycerides. Substrate labelled with either 3H or 14C-tracers are used in the radioactive 

method for LPL. A tracer with the label in the fatty acid moiety is preferred to a label 

in the glycerol moiety, as LPL has strict positional specificity for primary ester bonds 

(Nilsson-Ehle et al., 1974). The most important part of handling the substrate is to 

maintain the purity. False results are obtained with contaminated or degraded substrate, 

due to the formation of partial triglycerides and fatty acids. The labelled and unlabelled 

substrates are usually purified by thin-layer chromatography on silica gel. 
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(ii) Activator 

It was first noted that the activity of LPL was stimulated by serum. It was found 

that apolipoprotein CII (Apo-CII) present on lipoproteins in serum was the required 

activator or cofactor of LPL. Apo-CII enhances LPL activity by binding it to lipid 

droplets. Apo-CII in the serum readily transfers to the lipid droplets in the triglyceride 

emulsions used as a substrate, thus making the emulsions better substrates for LPL. 

There is considerable difference in the ability of serum from different species to function 

as an activator. Serum from guinea pig contains very little Apo-CII, whereas serum from 

humans, rat, dog, calf and monkey contain greater amounts and are frequently used as 

a source for the cofactor. 

(iii) Emulsifier 

The most commonly used emulsifiers are phospholipids, with or without glycerol, 

triton X-100 and gum arabic. They provide the polar components necessary for the 

solubilization of substrate. One of the more difficult aspects of the measurement of LPL 

is to prepare a stable emulsion so that a reproducible assay can be achieved. The 

preparation of a stable, glycerol-based emulsion with triglyceride and phospholipids has 

been described by Corey and Zilversmit (1977) and by Nilsson-Ehle and Schotz (1976). 

Soybean phosphatidylcholine was used by the former, while the latter used saturated egg 

yolk phosphatidylcholine as a emulsifier. 
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(iv) Fatty acid acceptor 

The role of the fatty acid acceptor is to solubilize the products of triglyceride 

hydrolysis and remove them from the site of hydrolysis. Albumin, since it is the major 

physiological vehicle for free fatty acid transport, is usually used. In addition to serving 

as a fatty acid acceptor, albumin also affects the substrate particle size. 

(v) Substrate Emulsion Preparation 

Emulsions are characterized by a "core" or bulk lipid phase surrounded by a 

surface monolayer of components which interact with the surrounding aqueous phase. 

These may be lipids or denatured proteins. Emulsions are prepared by the application of 

some form of energy such as mechanical dispersion of the bulk lipid into the aqueous 

phase. The importance of emulsions is the creation of a large surface area, which 

facilitates the adsorption of LPL to its interface. A recent technique described by 

Nilsson-Ehle and Ekman (1977) involves the preparation of phospholipid-triglyceride 

microemulsions of uniform size by extensive sonication. Nilsson-Ehle and Schotz (1976) 

concluded that substrate sonicated in the presence of albumin had less specificity for LPL 

than one sonicated before the addition of albumin and attributed this to changes in 

substrate particle size. It is hence very important to maintain uniformity and consistency 

in the preparation of the substrate emulsion for LPL assay. 
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(vi) LPL activity vs other lipases 

It is also essential to differentiate the activity of LPL from that of other lipases. 

Previously discussed properties of LPL allow its activity to be distinguished from that 

of other lipases. Some of the aspects of LPL that allow this to happen are discussed 

below. 

1. Inhibition of LPL activity by 1M NaCl or by protamine sulfate. At the ionic 

strength produced by these compounds, hepatic lipase remains maximally active. 

2. Enhancement of activity by Apo-CII, since this is an absolute requirement for 

LPL. 

3. Maintenance of an alkaline pH, in the range of 8.0 - 8.5. This pH is essential for 

LPL activity. Although hepatic lipase is also active in an alkaline pH, its optimum 

pH ranges from 8.6 - 9.0. 

4. Preparation of a LPL-specific emulsion. An emulsion specific for LPL has been 

described by Nilsson-Ehle and Ekman (1977). It is prepared by sonicating the 

substrate, a phospholipid and a buffer without albumin. Albumin is then added 

after sonication is complete. 

(vii) Quantifying LPL activity 

To accurately measure LPL activity, one must quantify the product of complete 

lipolysis, the free fatty acids. In earlier methods, the free fatty acids were frequently 

measured by titration after extraction in a suitable solvent. The most frequently used 
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solvent system was isopropanol:heptane: IN H2SO4 (40:10:1). After further addition of 

heptane and water, a two-phase separation occurred. The upper heptane phase was 

titrated using an indicator (e.g. thymol blue) with a 1:100 dilution of saturated NaOH 

(Dole, 1956). Many modified methods of this technique have been developed. 

Another technique was the selective measurement of LPL by physically separating 

it from its medium using heparin-sepharose chromatography as described by Iverius and 

Ostlund-Lindqvist (1976). This procedure is based on the marked affinity of postheparin 

lipases for polyanions. Even immunochemical methods for measurement of LPL have 

been developed, where hepatic lipase is selectively inhibited by anti-hepatic lipase serum 

and LPL activity directly determined. 

The most common method for the measurement of free fatty acids for the LPL 

assay utilizes radioactive triglycerides in the emulsions (Nilsson-Ehle and Schotz, 1976; 

Schotz et al., 1970). The earliest version of this procedure utilized a one step-liquid- 

liquid partition system (Belfrage and Vaugham, 1969). Various modifications have been 

used. In this procedure the reaction of LPL with the substrate is stopped by the addition 

of a mixture of organic solvents. The free fatty acids (FFAs) are then extracted by the 

addition of an alkaline buffer. This partition produces two phases, an upper alkaline 

aqueous phase and a lower organic solvent phase. The alkaline aqueous phase contains 

the fatty acids and the organic solvent contains all the remaining substrates. The 

radioactivity of the fatty acid (3H-oleic acid) released from the radioactively labelled 

substrate (3H-triolein) is recovered and counted in a liquid scintillation counter. The 
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amount of free fatty acids released by the enzyme is calculated. This radioactive method 

is widely used for the LPL assay of postheparin plasma and tissues. 

More recently Woollett et al. (1984) described a new  method for the assay of 

LPL which is an adaptation of the spectrophotometric method for quantification of 

plasma FFA by Shimizu et al. (1979). The appeal of this method is that it avoids the use 

of radioactive compounds. The principle involved in this procedure is that the FFAs 

released by the LPL provide the initial substrate for a series of reactions which ultimately 

result in the oxidation of NADH to NAD+ and a reduction of absorbance measured at 

340 nm. The reagents necessary for these reactions are provided by a group of chemicals 

referred to as the cascade buffer system. This buffer contains tris-HCl buffer (pH 8), 

MgClz, triton X-100, NazEDTA, myokinase, acyl CoA synthetase, pyruvate kinase, 

lactate dehydrogenase, adenosine 5'-triphosphate (ATP), phosphoenolpyruvate, NADH, 

and coenzyme A (CoA). The reactions that occur are given in Figure 3. From the 

decrease in absorbance the amount of FFA formed during a given time period (e.g. 60 

min) is calculated to determine the LPL activity. 

ROLE OF n-3 AND n-6 FATTY ACIDS IN ADIPOSE AND MUSCLE METABOLISM 

The role of n-3 and n-6 fatty acids in the metabolism of adipose tissue and 

muscle is poorly understood. When animals are fed n-3 enriched cod liver oil diets, low 

quantities of them accumulate in adipose tissue compared to the amount which 

accumulates in other tissues (Draper et al., 1984). Roshanai and Sanders (1985) found 

that only very small amounts of EPA and trace amounts of DHA in epididymal fat pads 



FIGURE 3 

REACTIONS OF THE CASCADE BUFFER SYSTEM 

Acyl CoA synthetase. 
FFA + CoA + ATP > Acyl CoA + AMP + PP, 

Myokinase 
AMP + ATP > 2 ADP 

Pyruvate kinase 
2 ADP + 2 Phosphoenol > 2 ATP + 2 Pyruvate 

-pyruvate 

Lactate dehydrogenase 
2 Pyruvate + 2 NADH > 2 Lactate + 2 NAD+ 

to 
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of rats fed MaxEPA (a concentrate of n-3 fatty acids from fish oil), whereas the rats 

given a linseed oil supplement had substantially more linolenic acid (18:3n3) in their 

adipose tissue. Maruhama et al. (1992) showed that the content of EPA and DHA in the 

subcutaneous and omental tissues in autopsied patients was low although they contained 

significant quantities of n-9 and n-6 fatty acids; in contrast, fish oil fatty acids were 

abundant in liver phospholipids. 

Parrish et al.(1990) showed that in rats fed fish oil for about 23 days, fat pad 

mass and adipocyte cell volume decreased in epididymal and perirenal sites compared to 

rats fed saturated fats (both diets contained 20% fat by weight). These data suggest that 

fish oils, specifically the n-3 fatty acids found in fish oils, limit TG accumulation in 

adipose tissue. When n-6 fatty acids were used instead of n-3 fatty acids, a similar effect 

was observed by Marrette et al.(1990). They showed that com oil compared to lard (fed 

at 43% by weight) lowered epididymal fat pad weight by 40% after 13 weeks of feeding. 

Shimomura et al.(1990) showed that after 4 months, body fat accumulation was 

significantly less in rats fed safflower oil compared to beef tallow. Collectively, these 

studies suggest that PUFAs have a unique role in metabolism of adipose tissue. 

The possible mechanism to explain the lower accumulation of adipose tissue after 

feeding fish oil could be diminished storage of fish oil fatty acids in adipocytes as a result 

of reduced LPL activity. When LPL activity is reduced, fewer fatty acids are available 

for uptake by extrahepatic tissues. However, the results of investigations to explore 

diminished storage because of reduced LPL activity have been varied and contradictory. 

Marrette et al.(1990) showed that LPL activity was lower in epididymal tissue of rats fed 
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com oil compared to those fed lard. Haug and Hostmark (1987) reported that rats fed a 

different PUFA (fish oil or a 50:50 mixture of fish oil and coconut oil) also had lower 

activity of epididymal fat pad LPL activity compared to those fed coconut oil (all diets 

contained 22% fat by weight). In contrast, Herzberg and Rogerson (1989) showed that 

there was no influence on epididymal adipose tissue LPL activity when com oil, tallow 

or fish oil was fed (10% by weight). Also perirenal LPL activity in rats was not 

influenced by a safflower oil or beef tallow diet (22% fat by weight) when fed for 4 

months (Shimomura et al., 1990). 

If the TG accumulation is reduced in adipocytes of fish oil fed animals, it may 

be increased in the muscle. Few studies have been conducted which investigate the effect 

of n-3 fatty acids on muscle metabolism. If there is an increase in TG accumulation in 

the muscle, there may be an associated increase in LPL activity. Herzberg and Rogerson 

(1989) have reported an increase in both heart and skeletal muscle LPL activity in rats 

fed fish oil diets. Shimomura et al. (1990) found higher LPL activity in heart and soleus 

muscle of safflower oil fed rats than of beef tallow fed rats, although the increases were 

not at a statistically significant level. Muscle type is also very important for the 

determination and comparison of LPL activity. It has been shown that the highly 

oxidative red fiber types (soleus) have greater LPL activity than those of the white fiber 

type (white gastrocnemius) (Tan et al., 1977). The increase in LPL activity in muscle 

may increase the removal of TG by muscle and hence contribute to the TG lowering 

effect in plasma of n-3 fatty acids (Herzberg and Rogerson, 1989). 
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The results from these studies using muscle and adipose tissue may vary to the 

extent they do because the conditions under which each one of them has been carried out 

differ. When rats are fed only fish oil or lard, the diets do not contain sufficient amounts 

of essential fatty acids to meet requirements. This leads to the potential for the 

pathophysiology discussed earlier to develop. In general, however, EFA deficiency 

requires a much longer feeding period than is utilized in these experiments. When 

emphasis is placed on preparing fish oil diets to maximize the amount of EPA and DHA 

animals are being fed, the other fatty acids are seldom balanced in the diets. As each 

fatty acid may have its own unique role, this produces numerous confounding effects. 

The use of a meal feeding paradigm is another feature to measuring LPL activity. 

The activity of LPL has been shown to be altered by the fasting and the fed states, a 

phenomenon that affects different tissues in different ways (DeGasquet et al., 1977). 

Since the rats are nocturnal animals, a long interval may exist between feeding (which 

occurs sometime during the night) and sacrifice (which will be sometime during the day). 

To overcome this problem, LPL activity is often measured in rats that have been meal- 

fed. In meal-feeding the rat is allowed short intervals to consume all its diet. For 

instance, often the food is given to the rat in a 2-3 hour morning session. After this 

interval, the food cup is removed. This method produces an animal in which one knows 

its LPL activity is being measured in the fed state but its condition is far from its natural 

physiologic state. 

The level of fat in the diet may also play a role in the differences found in various 

investigations. Herzberg and Rogerson (1989) used diets which contained fat at 10% by 
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weight,  while Marrette et al.(1990) fed animals 43%  by weight fat,  with  high 

concentrations of either PUFA (30% com oil) or saturated fatty acids (40% lard). 

Finally, the vitamin E content of the diets may vary. All diets will have the 

minimum 50 lU/kg diet recommended (AIN, 1977) but some may have more by virtue 

of that which is contained in the oil. For instance, the vitamin E content of lard is 

minimal, com oil has about 0.01-0.02mg a-tocopherol/lOOg oil, and the content of fish 

oil depends upon the supplier, ranging from 2IU/kg oil to ten times this level. Since an 

increased intake of vitamin E has been suggested when PUFA are fed (NRC, 1989), 

some studies have manipulated vitamin E content to control for this. In the work of 

Marrette et al. (1990) exogenous vitamin E was added to the diets so that the ratio of mg 

vitE/g PUFA was 0.25 mg/g for the lard and the com oil diets. This principle of addition 

of vitamin E does not take into account the source or peroxidizability of the PUFA, but 

only the amount of PUFA. 

The lack of control of vitamin E may lead to differences in lipid peroxidation. 

This in turn may cause alterations in LPL activity due to accumulation of lipid peroxides. 

The work of Marette et al.(1990) suggests that the lower activity of adipose tissue LPL 

in com oil-fed rats may relate to elevated levels of lipid peroxides in tissues. They found 

an inverse relationship between the lipid fluorescent product concentration and LPL 

activity in the epididymal fat pads of rats. Additionally, Wada et al.(1983) showed that 

15-hydroperoxy arachidonic acid can inhibit the activity of LPL bound to coronary 

vessels of rat heart and decrease the maximal hydrolysis rate of post-heparin plasma 

LPL. Pritchard et al.(1986) showed accumulation of lipid peroxides in the plasma and 
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liver of streptozotocin-induced diabetic rats and concomitant decrease in hepatic lipase 

activity. There was an increase in both hepatic lipase and LPL activities when high 

vitamin E supplementation was given. 

The purpose of this study was to determine if fish oil altered adipose tissue or 

muscle structure, if the effect were mediated through variations in LPL activity, and if 

LPL activity could be further modified by the use of MEKP. 
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MATERIALS AND METHODS 

ANIMALS 

Twenty four male weanling Sprague-Dawley rats were purchased from Simonson 

Laboratories, CA. They were assigned to two treatment groups and fed either n-3 rich- 

fish oil (FO) or n-6 rich-corn oil (CO) diets. They were housed individually in suspended 

stainless steel cages, under standard conditions of 220C, 45% relative humidity and a 12- 

hour light-dark cycle. Diet and water were given ad libitum throughout the four-week 

study. Food intake and body weights were recorded at the end of each week. Twenty- 

four hour food intake was measured by weighing the food given at the beginning of this 

interval and food remaining at the end. Food spillage was also measured. The animals 

were transferred to metabolic cages for 24 hrs at the end of weeks two and four during 

which time urine was collected. At the end of the collection period, urine was quickly 

frozen in liquid nitrogen and stored at -700C until analysis. 

DIETS 

The composition of the diets is shown in Table 1. Their composition was based 

on the AIN-76 diet for rats (AIN, 1977). They were prepared by replacing part of the 

carbohydrate with fat, primarily fish oil for a high n-3 fatty acid diet and com oil for 

a high n-6 fatty acid diet. To prepare the diets, a fat-free, vitamin-E deficient diet was 

purchased for the base diet (Teklad, Madison, WI). The CO used was vitamin E-stripped 
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TABLE 1 
Composition of the Diets 

Diet Fish Oil Cora Oil 

Kcal/g g/Kg Kcal/g g/Kg 

Casein 200 0.80 200 0.80 

Methionine 3 0.01 3 0.01 

Sucrose 350 1.39 350 1.39 

Cora starch 150 0.60 150 0.60 

Cellulose 50 0.11 50 0.11 

Mineral mix' 35 0.02 35 0.02 

Vitamin mix2 
10 0.04 10 0.04 

Choline bitartrate 2 0.01 2 0.01 

Fish oil 167.5 1.50 - - 

Corn oil 20 0.18 150 1.35 

Olive oil 12.5 0.11 - - 

Cocoa butter - - 45 0.40 

Hydrogenated coconut oil - - 5 0.04 

Total 1000 4.77 1000 4.77 

Cholesterol .3 0.34 

TBHQ _4 0.03 

a-Tocopherol 0.03 0.03 

1 AIN-76 mineral mix (#170915) Teklad, Madison, WI; g/Kg of mix: calcium phosphate, dibasic, CaHPO,,, 
500; sodium chloride, NaCl, 74; potassium citrate, monohydrate, 220; potassium sulfate, ^SO,,, 52; 
magnesium oxide, MgO, 24; manganous carbonate, 3.5; ferric citrate, 6.0; zinc carbonate, 1.6; cupric 
carbonate, 0.3; potassium iodate, KIOj, 0.01; sodium selenite, Na2Se03 -5H20, 0.01; chromium potassium 
sulfate, CrK(S04)2 - 12 H20, 0.55; sucrose, finely powdered, 118.03. 

2 AIN-76A vitamin mix modified without vitamin E (TD84127) Teklad, Madison, WI; g/Kg of mix: 
thiamin HC1, 0.6; riboflavin, 0.6; pyridoxine HC1, 0.7; niacin, 3.0; calcium pantothenate, 1.6; folic acid, 
0.2; biotin, 0.02; vitamin B12 (0.1 % trituration in mannitol), 1.0; dry vitamin A palmitate (500,000 lU/g), 
0.8; vitamin Dj trituration (400,000 lU/g), 0.25; menadione sodium bisulfite complex, 0.15; sucrose, 
981.08. 

3 Fish oil contained 0.34 g/Kg cholesterol and this amount was added to the CO diet. 

4 Fish oil contained 0.03 g/Kg TBHQ and this amount was added to the CO diet. 
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(Teklad). The FO was obtained from the National Institute of Health's Fish Oil Test 

Material Program (NIHFOTMP). It contained no added vitamin E, but did contain 

tertiary butyl hydroquinone (TBHQ) at 0.2 g/kg oil level. An equivalent amount of 

TBHQ was added to the CO diet. The vitamin E activity was balanced in both diets with 

a-tocopherol, a gift from Eastman Kodak, Kingsport, TN. The cholesterol content of 

both diets was equalized by adding it to the CO diet. Com oil (2% by weight) was added 

to the diets to meet the essential fatty acid requirement for linoleic acid. Small amounts 

of hydrogenated coconut oil (HCO), olive oil (00) and/or cocoa butter (CB) were added 

to the diets to equalize the monounsaturated fatty acid (MUFA) and saturated fatty acid 

(SFA) content. 

To match these fatty acids, the fatty acid profiles of the FO, CO, 00, CB, and 

HCO were analyzed (method discussed later). From these data the amount of the 

individual oils to be added to the two diets could be determined to obtain diets with well- 

matched fatty acid profiles. The major differences in the fatty acid composition of the 

diets was eicosapentaenoic acid (EPA) [20:5(n-3)] and docosahexaenoic acid (DHA) 

[22:6 (n-3)] in the FO diet and linoleic acid [18:2(n-6)] in the CO diet. The fatty acid 

profiles of the diets are shown in Table 2. The final amounts of oils used, after adjusting 

the fatty acid levels, were as follows : 

20% FO diet >   2% CO + 16.75% FO + 1.25% 00 

20% CO diet -—>   15% CO + 4.5% CB + 0.5% HCO 
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Fatty Acid Composition of Diets 
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Fatty Acid 
Are&W 

CO 
mg7r00 mg2" 

FO 
"Airea"^" mg/lOO mg 

14:0 0.^3 0.11 7.80 i.is 
14:1 - - 0.10 0.02 

15:0 - - 0.46 0.09 

16:0 14.36 2.96 15.19 3.02 

16:ln-7 - - 10.06 2.01 

17:0 - - 0.52 0.10 

18:0 10.00 2.06 2.70 0.54 

18:ln-9c 26.53 5.47 13.49 2.69 

18:ln-7 0.56 0.12 2.69 0.54 

18:2n-6t - - 1.42 0.29 
18:2n-6c 46.31 9.55 8.06 1.60 

20:0 0.61 0.13 0.18 0.04 

18:3n-3c 0.88 0.18 1.03 0.21 

20:ln-9 0.25 0.05 0.96 0.19 

18:4n-3 - - 2.76 0.55 

21:0 - - 0.41 0.08 

20:2n-6 - - 0.17 0.03 

20:3n-6 - - 0.18 0.04 

22:0 - - 0.10 0.02 

20:4n-6 - - 0.69 0.14 

22:ln-9 - - 0.17 0.03 

20:5n-3 - - 12.02 2.40 

24:0 - - 0.11 0.02 

22:4n-6 - - 0.74 0.15 
24:1 - - 0.31 0.07 

22:5n-3 - - 1.82 0.36 

22:6n-3 - - 7.49 1.49 

Others - - 8.45 1.69 

Total SFA3 - 5.26 - 5.46 

Total MUFA4 - 5.64 - 5.55 

Total PUFA5 - 9.73 - 7.26 
Total n-3 - 0.18 - 5.01 

Total n-6 - 9.55 - 2.25 

1 Expressed as weight percent of the fatty acid methyl esters. 
2 Expressed as mg of the fatty acid methyl esters per 100 mg of diet. 
3 Summation of the mg of the fatty acid methyl esters per hundred mg of diet of each fatty acid 

which contained only saturated carbon-carbon bonds. 
4 Summation of the mg of the fatty acid methyl esters per hundred mg of diet of each fatty acid 

which contained one double bond. 
Summation of the mg of the fatty acid methyl esters per hundred mg of diet of each fatty acid 

which contained two or more double bonds. 



35 

The oils were stored under nitrogen at -70° C in the dark until used. The diets 

were prepared twice during the study. They were then aliquoted into portions sufficient 

for daily use, flushed with nitrogen, and stored in plastic zipper-locked bags at -700C to 

prevent oxidation. Diets in the cages were replaced daily. All unused portions were 

discarded. 

ANALYTICAL METHODS 

At the end of four weeks, the rats from both groups were randomly divided into 

two equal-sized groups. One half of the animals received an injection of methyl ethyl 

ketone peroxide (MEKP) at a level of 40 mg/kg body weight dissolved in Vitamin-E 

stripped CO. The other half received a placebo, an injection of straight vitamin E- 

stripped CO. Twenty-four hours after the injection, the rats were anesthetized with 

ketamine hydrochloride (60 mg/kg body weight) (Brand name, Vetalar; Parke-Davis, 

Division of Warner-Lambert Co., Morris Plains, New Jersey) and xylazine (10 mg/kg 

body weight) (Brand name, Rompun; Mobay Corporation, Shawnee, Kansas). The rats 

were not fasted before being anesthetized. On the morning of the day of sacrifice the 

food was taken away from the animals at 0800 hours. The period of sacrifice was spread 

over 5 days. The sacrifice and tissue collection on each of these days was comprised of 

an equal number of samples of animals from each of the four groups. The final body 

weight of animals was taken before and after MEKP injection. When food intake and 

weight gain were calculated, the exact number of days before sacrifice was used for each 

animal. 
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After being anesthetized the rat was placed on its back and the abdominal cavity 

opened by a midline incision. The intestines were moved to the right side of the body and 

adipose fat pads, namely, the epididymal, retroperitoneal (including penrenal) and 

subcutaneous (from a specific and definite location) were collected. The intestines were 

moved to the left side of the body and tissues collected in a similar way.  The 

gastrocnemius and soleus muscle were also collected. Tissue weights were obtained and 

a portion of the adipose tissue was retained to process for the determination of adipocyte 

size and number. All the remaining tissues were quickly frozen in liquid nitrogen and 

stored at -70oC until further analysis. 

A brief description of the methodology of all the assays is given below. They are 

described in detail in the appendices. Unless otherwise mentioned, all the chemicals used 

were of reagent grade. 

a. Adipocyte Size and Number 

Adipocyte size and number were determined according to the method described 

by Etherton et al. (1977) using 100 mg of tissue. The tissues were sliced as thin as 

possible and rinsed three times in 0.154 M NaCl (0.9%) at 370C. Three milliliter of 50 

mM collidine-HCl buffer (pH 7.1) and 5 ml of 3% osmium tetroxide (EM Corporation, 

Boston, MA) in collidine (Sigma Chemical Company, St. Louis, MO) buffer were added 

to the tissues in a glass vial (disposable scintillation vials; Wheaton, Millville, NJ) and 

incubated for 96 h at 370C. The osmium solution was removed and 15 ml of 0.9% NaCl 

was added and left overnight. Three such rinses were carried out, once every 24 h. After 
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the third NaCl rinse, 10 ml of 8 M Urea was added and left for 96 h at 370C for the 

tissue to disperse. Finally, the adipocytes were washed and filtered through a 250 /xm 

nylon screen, using 0.01% Triton X-100 (Sigma Chemical Company, St. Louis, MO) in 

water. The cells were then filtered through 10 /xm screen into a plastic beaker. The cells 

were gently washed off the 10 /xm screen into a tube (25 x 150 mm) and suspended with 

0.01% Triton X-100 in NaCl, pH 10. The adipocytes were counted and their size 

determined using a Coulter counter (Model ZM, Hialeah, FL). The use of the Coulter 

counter was generously provided by Dr. C.Y. Hu, Department of Animal Sciences, 

Oregon State University. [Appendix 1]. 

b. Total Lipid and Fatty Acid Profile 

For the analysis of the total lipids, the fat was first extracted from the tissue 

samples by the method of Bligh and Dyer (1959) using methanol and chloroform. About 

100 mg of adipose tissue or 1-2 g of muscle were placed in test tubes with Teflon-lined 

caps and the fat was extracted at room temperature for one hour. This extraction was 

carried out in a monophasic mixture of methanol, chloroform, and water in the ratio 

2:1:0.8. When extraction was completed, chloroform and water were added to make a 

biphasic system with a ratio of methanol, chloroform, and water 1:1:0.9. The chloroform 

layer containing the lipid was evaporated under nitrogen in a test tube and the lipids were 

resuspended in iso-octane. Total lipids were measured gravimetrically using an aliquot 

of the lipid extract. 



38 

The lipids were extracted differently for the diet samples. The com and fish oil 

diet samples contained comstarch. Complete lipid extraction requires hydrolysis (Gracya, 

1965). The diet samples were hydrolyzed with hot HC1 and then extracted with hexane 

(Wander, 1984). [Appendix 2] 

The fatty acid profile of the extracted fat was analyzed on another aliquot of the 

sample. The fat extracts were methylated using 10% boron trichloride in methanol 

(Sigma Chemical Company, St.Louis, MO) (Song and Wander,  1991). They were 

analyzed using a gas chromatograph (Hewlett Packard 5890 GC) interfaced with a 

Hewlett Packard Chem Work Station (18550A microprocessor). The gas chromatograph 

was equipped with a flame ionization detector and a SP 2330 column, 30m x 0.25mm 

i.d., 0.25/im film thickness (Supelco, Inc., Bellefonte, PA). The carrier gas used was 

helium with a flow rate of 0.6ml/min. Hydrogen and air flow rates were 30ml/min and 

380ml/min, respectively. The injection volume of the sample was 1/zl. The column 

temperature was maintained at 170oC for 4 min and programmed to increase at a rate 

of 20C/min until 200°C and a further increase of 3°C/min to reach a maximum 

temperature of 2180C. The injector and detector temperatures were maintained at 230oC. 

The fatty acids in the samples were identified by comparing with authentic standards (Nu 

Chek Prep, Inc., Elysian, MN). The methyl esters of 17:0 and 23:0 (Nu Chek Prep, 

Inc., Elysian, MN) were used as internal standards to quantify the fatty acids content of 

the com oil and fish oil samples, respectively. [Appendix 3] 
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Peroxidizability Index (PI) was calculated as follows: 

(% dienoic x 1) + (% trienoic x 2) + (% tetraenoic x 3) + (% pentaenoic x 4) + (% 

hexaenoic x 5) 

c. Lipoprotein Lipase (LPL) 

The assay for the measurement of LPL activity was based on modifications to the 

method of Woollett et al. (1984). The principle involved in the measurement of LPL is 

that when tissue extracts containing LPL are incubated with triolein, oleic acid is formed 

under proper conditions. By calculating the amount of oleic acid formed during a given 

period, e.g., 60 min, LPL activity can be calculated. All chemicals used for this assay 

were purchased from Sigma Chemical Company (St.Louis, MO), unless otherwise 

mentioned. 

The substrate emulsion was prepared by sonication of triolein, lecithin and Tris 

buffer, pH 8.6, using a Tekmar Sonic Disruptor, TMF-50, Microtip probe (5/64") 

(Cincinnati, OH). After sonication, bovine serum albumin and rat serum were added and 

the system mixed thus making an emulsion. This emulsion was held on ice in the dark 

until used. A series of standards were prepared by combining appropriate amounts of 

substrate emulsion and oleic acid and held on ice. The samples (200-250 mg of tissue) 

were homogenized using a polytron (Kinematica GmbH, Switzerland) with sucrose and 

sodium EDTA (pH 7.4). They were centrifuged at 40C for 12 min at 6500 rpm in a 

Sorvall refrigerated centrifuge (Sorvall Inc, Newton, CT). The infranatant was collected 

and used for the assay of LPL and protein. For the LPL assay, the sample infranatant 
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was incubated with the substrate emulsion for 60 min in a 37° C water bath to hydrolyze 

the triolein to oleic acid by LPL. The reaction was stopped at 60 min by the addition of 

5N HC1. The system was neutralized by the addition of 5H NaOH. The blanks contained 

the substrate emulsion and the sample infranatant but did not undergo incubation. The 

blanks were held on ice until the samples were ready. 

At this stage the samples and standards contained oleic acid and were ready to be 

measured. For the measurement of released oleic acid, a cascade buffer containing Tris 

(pH  8.0),  MgCl2,   triton  X-100,  NazEDTA,   myokinase,  pyruvate kinase,  lactate 

dehydrogenase, ATP, phosphoenol pyruvate, NADH, and coenzyme A was added to the 

standards and samples. A separately mixed and held solution of acyl CoA synthetase 

(Boeringer Mannheim Corporation, Indianapolis, IN) was added to initiate the sequence 

of reactions. This ultimately resulted in the oxidation of NADH to NAD+ and a reduction 

of absorbance measured at 340 nm. The decrease in absorbance was proportional to the 

amount of oleic acid released by LPL. From the standard curve, the concentration of 

oleic acid formed by the samples was calculated. The LPL activity was expressed as 

nmol oleic acid/mg tissue/hr and nmol oleic acid/mg protein/min. [Appendix 4] 

d. Protein 

The protein content of the sample infranatant (obtained for the LPL assay) was 

measured by the dye-binding method (Bradford, 1976). Coomassie Brilliant Blue (Sigma 

Chemical Company, St.Louis, MO) exists in two different colors, namely, red and blue. 

The dye reacts with the protein in the samples. On reacting with the protein, the red 
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form   of  the   dye   is  converted   to   the   blue   form,   which   can   be   measured 

spectrophotometrically easily and accurately due to its high extinction coefficient at 595 

nm. Appropriate protein standards (bovine serum albumin, Sigma Chemical Company, 

St.Louis, MO) were prepared to get a series of solutions containing 0, 0.25, 0.5, 0.75, 

and   1.0  mg  protein/ml.   The  standards  and  diluted  sample  solutions  (1:10  of 

sample:water) were placed in cuvets and 3.5 ml of the dye solution (Coomassie Brilliant 

Blue in 95% ethanol and 85% phosphoric acid, diluted with distilled water and filtered) 

was added. The contents of the cuvets were mixed by inversion and absorbance read 

immediately. The protein concentration of the samples (in mgs) was obtained from the 

standard curve. [Appendix 5] 

e. Thiobarbituric Acid Reactive Substances (TSARS') 

The urinary TBARS was measured by a modified method of L'Abbe et al. (1991). 

To 0.2 ml of a urine sample, 0.2 ml 8.1% sodium dodecyl sulfate (SDS), 1.5 ml acetic 

acid, 0.1 ml butylatedhydroxytoluene (BHT) (454 /xmol/L) and 1.5 ml 0.8% 

thiobarbituric acid (TBA) were added and the mixture heated in a water bath at 95 0C for 

60 min. A red chromogen formed. After cooling, 5 ml of a n-butanol-pyridine mixture 

(15:1, v/v) was added and vigorously mixed to extract the red-colored product (Ohkawa 

et al., 1979). The samples were then centrifuged at 4000 rpm for 10 min. The upper 

organic layer was removed and absorbance measured at 532 nm. For the standards, 

tetraethoxypropane (TEP) in volumes of 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml corresponding 

to 0, 2.0, 4.0, 6.0, 8.0 and lO.OxlO"7 mol/L were taken and reagents added, color 
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extracted, volume made up to 10ml and absorbance measured in the same way as the 

samples (Ke et al., 1984). The TEARS concentration in the samples was obtained from 

the standard curve. Urinary TEARS was expressed as /imol/mmol creatinine and as 

/xmol/day. [Appendix 6] 

f. Creatinine 

Urinary creatinine was measured by reacting the urine sample with alkaline picric 

acid to form a red-colored product (commonly referred to as the Jaffe reaction). The 

absorbance was measured at 520 nm (Oser, 1965). A urine sample (0.5 ml) was placed 

in a 100 ml volumetric flask and diluted with 0.5 ml of distilled water. The blank 

consisted of 1 ml of distilled water. To these flasks, 20 ml of saturated picric acid 

solution and 1 ml of a 15% NaOH solution were added, mixed, and allowed to stand for 

15 min. The red-colored solution was diluted to 100 ml with distilled water and mixed 

by inversion. The absorbance was read at 520 nm. Creatinine standards with 

concentrations ranging from 0.20 -1.0 mg/ml were also reacted with alkaline picric acid 

and the absorbance measured. From the standard curve, the creatinine concentration of 

the samples was determined. [Appendix 7] 

STATISTICAL ANALYSIS 

Data were expressed as the mean + SEM. Results were analyzed for statistical 

significance using Statistical Analysis System (SAS, 6.03 Statistical Pak, SAS Institute 

Inc., Gary, NC). For the adipocyte size and number, LPL, fatty acid profile, total lipid 
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and body and tissue weights, a two-way analysis of variance (ANOVA) was used to 

obtain significant differences between means of the two treatment groups (with and 

without MEKP) and the two diets (FO and CO). To obtain the significant differences 

between mean urinary TEARS at 2 and 4 weeks, a two-way ANOVA with repeated 

measure on one factor was used (Snedecor and Cochran,  1989). The significant 

differences in food intake and body weights at the end of week 1, 2, 3, and 4 were also 

analyzed using two-way ANOVA with repeated measure on one factor (Cody and Smith, 

1987). Some comparisons were made between oil groups using students' t-test (Snedecor 

and Cochran, 1989). For all the analyses, statistical significance at a level of p<0.05 

was used. 
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RESULTS 

FOOD INTAKE 

The average food intake per day among the com oil and fish oil fed animals is 

shown in Figure 4. There was a significant difference in food intake among the dietary 

groups, at the end of weeks 1, 2, and 3 (p<0.01, p<0.02 and p< 0.001, respectively). 

The animals fed the corn oil diet had a higher food intake (9%, 15% and 18%, 

respectively) than the fish oil fed ones. However, at the end of week 4, there was no 

significant difference in food intake between the two groups. 

BODY WEIGHT 

All animals had satisfactory weight gain over the four week period. Figure 5 

depicts the body weights of the animals of both dietary groups at the end of every week 

and no significant differences were found between them. As shown in Table 3, there 

were no significant differences in the body weights of the animals at the beginning of the 

study and before MEKP injection. 

In keeping with these data, the daily weight gain of the animals was not 

significantly different between the two dietary groups (Figure 6a). However, the injection 

of MEKP caused the daily weight gain to be lower in both the com oil and fish oil fed 

animals (p<0.004). As shown in Figure 6b, the injection of the vitamin E-stripped CO 

placebo caused the weight gain to drop to 3.5g in a 24-hour period in both dietary 
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TABLE 3 
Effect of Dietary Oil on Body Weight '•2 

Stage CO FO p-values3 

Initial 58.83±1.47        58.42±0.86 NS 

Before injection 259.33±3.38      255.58±3.01 NS 

1 Expressed as grains. 
2 Values are mean ± SEM; n = 12. 
3 NS = Not Significant at p < 0.05. 
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groups, compared to the 6.3g they gained daily before the injection. This was not 

significant. However, the MEKP injection caused the rats from both groups to experience 

a loss of 3.7g in 24 hours (p<0.004). The loss was not significantly different between 

the two dietary groups. 

TISSUE WEIGHTS 

The effect of dietary oil and MEKP treatment on the tissue weights expressed as 

grams of tissue and as a percent weight relative to the body weight are shown in Table 

4. There was a significant effect produced by the dietary oil on the retroperitoneal and 

epididymal fat pad weights with the weights being higher in the com oil fed animals 

when compared to the fish oil fed ones (1.63±0.19 vs 1.27±0.13 and 2.42+0.14 vs 

2.04+0.12, p<0.04 and p<0.01, respectively). This was true even when the weights 

were expressed relative to the body weight. There were, however, no weight differences 

in the subcutaneous, gastrocnemius and soleus tissues caused by the dietary oil. The 

effect of MEKP treatment on the retroperitoneal, epididymal, subcutaneous and soleus 

tissue weights were not significant. However, the gastrocnemius tissue weights increased 

after MEKP treatment (p<0.01) in both the com oil and fish oil fed animals. When the 

weights were expressed relative to the body weight, the significance no longer existed. 

TOTAL LIPIDS 

The total lipid content of the epididymal, retroperitoneal and subcutaneous tissues 

is shown in Table 5. Neither the type of dietary oil nor the MEKP treatment affected the 
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TABLE 4 
Effect of Dietary Oil and MEKP on Tissue Weights1,2 

Tissue CO 

-MEKP4       +MEKP5 

FO 

-MEKP       +MEKP 

p-values3 

O6     T7    0*T 

Retroperitoneal (g)8 

Rel Wt. (%)9 

Epididymal       (g) 

RelWt.    (%) 

Subcutaneous     (g) 

Rel Wt.    (%) 

Gastrocnemius    (g) 

.  RelWt.    (%) 

Soleus (g) 

Rel Wt.    (%) 

1.57±0.20 1.68±0.17 

0.61 ±0.07 0.64±0.07 

2.19±0.19 2.64±0.09 

0.85±0.06 1.01±0.03 

2.16±0.19 2.10±0.05 

0.84±0.06 0.80±0.01 

3.18±0.06 3.43±0.07 

1.24±0.03 1.30±0.02 

0.18±0.01 0.20±0.01 

0.07±0.00 0.08±0.00 

1.33±0.15 1.20±0.11 

0.52±0.05 0.47±0.04 

2.04±0.07 2.04±0.16 

0.81 ±0.03 0.79±0.06 

2.31±0.18 2.05±0.12 

0.91±0.06 0.80±0.04 

3.22±0.06 3.29±0.03 

1.28±0.03 1.28±0.01 

0.19±0.01 0.20±0.01 

0.08±0.00 0.08±0.00 

0.04 NS NS 

0.04 NS NS 

0.01 NS NS 

0.01 NS NS 

NS NS NS 

NS NS NS 

NS 0.01 NS 

NS NS NS 

NS NS NS 

NS NS NS 

1 Tissue weights are wet weights. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Expressed in grams. 
9 Expressed as relative weight percent = tissue weight   m   m 

animal weight 
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TABLE 5 
Effect of Dietary Oil and MEKP on Total Tissue Lipids1 

Tissue CO FO p-values2 

-MEKP3 + MEKP4 -MEKP +MEKP O5 T6 0*T 

Retroperitoneal 

Percent7 76.07±3.24 72.80 ±1.00 73.06±2.83 68.89±2.19 NS NS NS 

Lipid/site8 1.19±0.14 1.23±0.13 0.99±0.14 0.84±0.09 0.03 NS NS 

Epididvmal 

Percent 70.62±0.87 73.23 ±2.26 74.68±1.41 74.34±1.91 NS NS NS 

Lipid/site 1.55±0.14 1.93 ±0.05 1.52 ±0.05 1.51±0.11 0.03 0.06 0.06 

Subcutaneous 

Percent 65.75±4.15 68.51±2.61 65.22±4.59 72.48 ±2.77 NS NS NS 

Lipid/site 1.42±0.07 - 1.50±0.10 - NS - - 

Gastrocnemius 

Percent 1.89±0.12 1.55 ±0.05 2.06±0.13 1.68±0.06 NS 0.0015 NS 

Lipid/site 0.06±0.004 0.053 ±0.002 0.066±0.004 0.055 ±0.002 NS 0.01 NS 

1 Values are mean ± SEM; Obtained by gravimetric method; n = 6. 
2 NS = Not Significant at p < 0.05. 
3 -MEKP = No MEKP injection. 
4 +MEKP = With MEKP injection. 
5 O = Effect of dietary oil. 
6 T = Effect of MEKP treatment. 
7 Expressed as percent, mg lipid per 100 mg wet weight tissue. 
8 Expressed as g lipid per fat pad sites. 
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total lipid content of in these tissues, when expressed as a percentage, as there were no 

significant differences seen between them. However, if the data are expressed as grams 

of fat per site, a different picture emerges. The fish-oil fed rats had less fat in both the 

retroperitoneal and epididymal site than did the com oil-fed rats. In the retroperitoneal 

site the com oil-fed rats averaged 1.21+0.13g while the fish oil-fed animals averaged 

0.91 ±0.11, an increase of 33 %. In the epididymal site there was an interaction between 

the type of dietary oil and MEKP treatment. In the CO-fed animals the lipid content 

increased after MEKP treatment while in the FO-fed rats MEKP treatment caused no 

change. There was no difference in the amount of fat in the excised subcutaneous depot. 

In the gastrocnemius muscle MEKP treatment caused a decrease regardless of how data 

were expressed. 

ADIPOCYTE NUMBER. DIAMETER AND DISTRIBUTION 

The effect of dietary oil and MEKP treatment on the adipocyte number and 

diameter is shown in Table 6. Cell size and number were not determined for the 

epididymal fat pads and the subcutaneous depot of MEKP-treated rats. The number of 

adipocytes per gram of tissue was higher in fish oil-fed rats than the com oil fed ones 

in the retroperitoneal and subcutaneous fat pads (3.94+0.51 in CO-fed rats vs 6.10±0.48 

in FO-fed rats and 3.67+0.15 in CO-fed rats vs 4.39+0.23 in FO-fed rats, p<0.0002 

and p<0.02, respectively). However, these differences did not prevail if the data were 

expressed as number of cells per site at the same level of significance. In the 

retroperitoneal depot the com oil-fed rats averaged (6.05+0.54)xltf fat cells per fat 
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TABLE 6 
Effect of Dietary Oil and MEKP on Adipocyte Number and Diameter1 

Tissue CO FO p-values2 

-MEKP3 + MEKP4 -MEKP +MEKP O5 V 0*T 

Retroperitoneal: 

Number (x lOVg) 3.63±0.39 4.25 ±0.63 5.84±0.29 6.36±0.67 0.0002 NS NS 

Number (x lOVsite) 5.38±0.23 6.72±0.85 7.55±0.65 6.95±0.74 0.073 NS NS 

Lipid (/ig/cell) 0.22±0.03 0.18±0.03 0.13±0.01 0.11±0.01 0.002 NS NS 

Diameter (/tm) 62.58 ±1.19 61.80±1.88 55.58±0.52 56.81±1.18 0.0001 NS NS 

Subcutaneous: 

Number (x lO6^) 3.67 ±0.15 - 4.39±0.23 - 0.02 - - 

Number (x iCVsite) 7.82±0.49 - 9.94±0.41 - 0.008 - - 

Lipid (/xg/cell) 0.18±0.01 - 0.15±0.03 - NS - - 

Diameter (jim) 63.78±0.68 - 57.85±1.18 - 0.002 - - 

1 Values are mean ± SEM; n = 6. 
2 NS = Not Significant at p < 0.05. 
3 -MEKP = No MEKP injection. 
4 +MEKP = With MEKP injection. 
5 O = Effect of dietary oil. 
6 T = Effect of MEKP treatment. 
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depot and the fish oil-fed ones averaged (7.25±0.70)xl0^, an increase of 17% (p<0.07). 

These data are marginally significant. On the other hand, in the subcutaneous depot the 

com oil-fed rats had an average number of (7.82+0.49)xl06 cells per site while in the 

fish oil-fed ones it was (9.94±0.41)xl0'i per site, an increase of 21% (p<0.008), a 

highly significant difference. The amount of fat per cell was calculated from the fat 

content per site and the number of cells per site. As when expressing the grams of fat 

present per fat depot site, the CO-fed rats appeared to have more fat per cell in both 

tissues. In the retroperitoneal site the CO-fed rats averaged 0.20+0.01^g fat per cell 

while the FO-fed ones averaged 0.12±0.01/zg (p<0.002). This was an increase of 

approximately 67% fat in each cell in the CO-fed rats compared to the FO-fed ones. In 

the subcutaneous depot the FO-fed animals averaged 0.15+0.03 while the CO-fed ones 

increased to 0.18±0.01. This increase (20%) was smaller than seen in the retroperitoneal 

site and was not significant. However, the mean diameter of the adipocytes was 

significantly smaller in fish oil-fed rats than com oil-fed ones in both retroperitoneal and 

subcutaneous tissues (62.19+1.54 in CO-fed rats vs 56.20±0.85 in FO-fed rats and 

63.78+0.68 in CO-fed rats vs 57.85±1.18 in FO-fed rats, p< 0.0001 and p<0.0002, 

respectively). 

The distribution of adipocyte by size expressed as a percentage of total adipocytes 

is shown in Figures 7 and 8 for the retroperitoneal and subcutaneous fat pads, 

respectively. In both these tissues these data show that fish oil fed animals had a 

significantly higher percentage of smaller diameter cells, while the com oil fed ones had 

a higher percentage of larger diameter cells. This effect was more pronounced in the 
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FIGURE 7 

ADIPOCYTE SIZE DISTRIBUTION IN RETROPERITONEAL FAT PAD 
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FIGURE 8 

ADIPOCYTE SIZE DISTRIBUTION IN SUBCUTANEOUS FAT PAD 
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retroperitoneal fat pad. In this tissue there was a significantly higher percentage of 20- 

29/xM and 30-39/xM diameter adipocytes in fish oil-fed rats (p<0.002 and p<0.02, 

respectively) and a significantly higher percentage of 70-79/xM, 80-89^M and 90-99/xM 

diameter  adipocytes in the com  oil  fed rats  (p<0.01, p< 0.0001  and p<0.05 

respectively). 

In the subcutaneous fat pad (Figure 8) there was a significantly higher percentage 

of smaller diameter cells (20-29/tm) in the fish oil-fed animals (p< 0.001) and a higher 

percentage of larger diameter cells (80-89/xm) in the com oil-fed ones (p< 0.002). The 

distribution of adipocytes by size in the retroperitoneal and subcutaneous fat pads are 

given in detail in Appendices 8 and 9. The MEKP treatment did not have a significant 

effect on the adipocyte size, number or distribution in the retroperitoneal fat pad. 

FATTY ACID PROFILE 

The fatty acid profiles of the retroperitoneal, epididymal and subcutaneous fat 

pads were measured. The fatty acid profile data are given in two formats (relative weight 

percent and mg per 100 mg wet weight of tissue) for each tissue. 

a. Retroperitoneal Fat 

The effect of dietary oil and MEKP treatment on the fatty acid profile of 

retroperitoneal tissue, expressed as weight percent is reported in Table 7. There was no 
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TABLE 7 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Retroperitoneal Tissue Lipid (Weight %)'• 2 

Fatty acid CO FO P- values3 

""MEKF"" "+"MEiajs"~ -MEKP +"MEKP"" —QS— -T~ "cFf" 
14:0 1.19±0.03 1.31 ±0.07 5.52±0.12 5.56 ±0.07 0.0001 NS NS 
14:1 0 0 0.26±0.01 0.27±0.01 0.0001 NS NS 
15:0 0 0 0.34±0.12 0.36±0.01 0.0001 NS NS 
16:0 19.32±0.42 20.43 ±0.83 30.63 ±0.44 30.86 ±0.47 0.0001 NS NS 
16:ln-7 2.64±0.22 3.12±0.34 11.73±0.30 11.86±0.21 0.0001 NS NS 
17:0 0 0 0.27 ±0.02 0.24±0.05 0.0001 NS NS 
18:0 4.50±0.15 4.40±0.10 4.34±0.10 4.31±0.21 NS NS NS 
18:ln-9t 0 0 TR8 TR - - - 
18:ln-9c 30.78±0.18 30.77±0.16 22.97±0.38 23.70±0.77 0.0001 NS NS 
18:ln-7 1.08±0.02 1.08±0.02 2.98±0.06 3.03 ±0.07 0.0001 NS NS 
18:2n-6t 0 0 0.39±0.01 0.39±0.03 0.0001 NS NS 
18:2n-6c 37.97±0.59 36.71±1.06 7.18±0.23 7.31 ±0.25 0.0001 NS NS 
20:0 TR 0 0 0 - - - 
18:3n-3c 0.55 ±0.02 0.52±0.01 0.72±0.02 0.71 ±0.02 0.0001 NS NS 
20:ln-9 0.15 ±0.03 0.09 ±0.04 0.50±0.02 0.49±0.01 0.0001 NS NS 
20:2n-6 0.21 ±0.01 0.18±0.04 0 0 0.0001 NS NS 
22:0 TR TR 0 0 - - - 
21:0 0 0 1.14±0.04 1.08 ±0.05 0.0001 NS NS 
20:4n-6 0.41 ±0.03 0.34±0.03 0.41 ±0.02 0.41 ±0.03 NS NS NS 
20:5n-3c 0 0 2.60±0.20 2.25±0.18 0.0001 NS NS 
22:5n-3 TR 0 0.77 ±0.09 0.66±0.04 0.0001 NS NS 
22:6n-3 0 0 2.30±0.20 2.06±0.12 0.0001 NS NS 
Others 1.13±0.07 1.03±0.04 4.94±0.16 4.44±0.35 0.0001 NS NS 
Total n-6 38.59±0.60 37.23 ±1.05 7.99±0.25 8.11 ±0.26 0.0001 NS NS 
Total n-3 0.60±0.05 0.52±0.01 6.38±0.48 5.68±0.35 0.0001 NS NS 
Total SFA9 25.05±0.30 26.17±0.81 42.23 ±0.33 42.39±0.54 0.0001 NS NS 
Total MUFA10 34.64±0.36 35.06±0.30 38.46±0.55 39.39±0.61 0.0001 NS NS 
Total PUFA" 39.18±0.59 37.74±1.06 14.36±0.67 13.78±0.53 0.0001 NS NS 
n-6/n-3 66.53 ±4.32 72.76 ±1.26 1.28±0.08 1.45±0.10 0.0001 NS NS 
PI12 40.68±0.60 38.94±1.05 35.18±2.32 32.29±1.64 0.001 NS NS 

' Expressed as weight percent of the fatty acid methyl esters. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the weight percent of each fatty acid which contains no double bonds. 
10 Summation of the weight percent of each fatty acid which contains one double bond. 
" Summation of the weight percent of each fatty acid which contains two or more double bonds. 
12 Peroxidizability index. 
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effect of MEKP treatment on the fatty acid profile. There were, however, numerous 

differences produced by the dietary oils. 

In the CO-fed animals almost 95 % of the fatty acids are found in the five fatty 

acids, 16:0, 16:ln-7, 18:0, 18:ln-9c, and 18:2n-6c. In the FO-fed rats, however, these 

same fatty acids represent about 75% of the fatty acids. The higher 14:0 and the 16:0 

content of FO-fed animals when compared to CO-fed animals contributed to the 

significantly higher total SFA content of the FO group (42.31 ±0.44 vs 25.61+0.55, 

p<0.0001). There was no significant difference in the content of 18:0 between the two 

groups. In contrast, the total PUFA content, consisting of mostly 18:2n-6c in the com 

oil-fed animals, was higher in the com oil group than the fish oil one (38.46±0.83 vs 

14.07+0.60, p<0.0001). This difference was also illustrated by the fact that the n-6 

content was higher in the CO-fed rats (37.91±0.83 vs 8.05±0.26, p<0.0001). 

Interestingly enough, there was no significant difference in the 20:4n-6 content of the two 

diet groups. The content of n-3 fatty acids was much higher in the FO group. This 

represents primarily the three fatty acids, 20:5n-3, 22:5n-3 and 22:6n-3. They were 

present at the following levels respectively, 2.43±0.19,0.72±0.07, and 2.18±0.16. The 

content of 18:3n-3 was also higher in the FO-fed rats (0.72±0.02 vs 0.54±0.02, 

p<0.0001), but this plays a minor role in the total n-3 content. There was a dramatic 

difference in the ratio of the sum of the n-3 fatty acids to the n-6 fatty acids (69.65 ±2.79 

in CO-fed group vs 1.37±0.09 in FO-fed group, p<0.0001). 

Although there was a significant difference in the content of MUFA in the two 

diet groups with the fish oil group having a significantly higher percentage (38.93 ±0.58 
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vs 34.85±0.33, p<0.0001), the difference between the groups was not as striking as that 

seen in the PUFA and SFA content. However, the individual MUFA were present in the 

two diet groups in different amounts. Oleic acid was the major MUFA in both groups 

of animals but its level was higher in the CO-fed rats (30.78±0.17 vs 23.33±0.56, 

p<0.0001). In the FO-fed rats, the level of 16:ln-7 was higher (11.80+0.25 vs 

2.88+0.28, p< 0.0001). The tissue of the FO-fed rats also contained significantly higher 

amounts (p<0.0001) of several other MUFA such as 14:1, 18:ln-7 and 20:ln-9. The 

FO-fed rats contained small but significantly higher amounts of the odd-numbered carbon 

fatty acids, 15:0, 17:0 and 21:0. Finally, there was a significant difference in the 

peroxidizability index of the two diet groups.  The FO-fed rats had a lower PI, 

33.73±1.98 vs 39.81+0.82 (p<0.0001). 

The fatty acid profile of the retroperitoneal adipose tissue expressed in mg fatty 

acid per lOOmg of tissue is shown in Table 8 and is similar to expressing the data as 

weight percent.  The content of SFA was significantly higher in the FO-fed rats 

(34.57±1.68 vs 19.45+0.49 mg/lOOmg, p< 0.0001). Most of this was derived from the 

higher content of 16:0 (25.63±1.29 vs 15.08±0.43, p<0.0001) and 14:0 (4.52+0.20 

vs 0.95 ±0.03, p< 0.0001). The content of PUFA was significantly lower in the FO-fed 

rats (11.47+0.57 vs 29.34+1.27, p<0.0001). This was derived from the higher content 

of 18:2n-6c in the tissues of the CO-fed rats (28.49+1.25 vs 5.91 ±0.27, p<0.0001); 

however, the n-3 fatty acids contributed to the PUFA content of the FO-fed rats 

(4.91 ±0.34 vs 0.42±0.03, p<0.0001). 
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TABLE 8 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Retroperitoneal Tissue Lipid (mg/100 mg)1, 2 

Fatty acid CO FO P" values3 

—-MEKF" ""MEKP3"" """MEKP ""'MEKP" —o?— ~T~ -o*r 
14:0 0.93 ±0.03 0.97 ±0.03 4.60±0.17 4.44±0.23 0.0001 NS NS 
14:1 0 0 0.22±0.01 0.21 ±0.02 0.0001 NS NS 
15:0 0 0 0.28±0.01 0.29 ±0.02 0.0001 NS NS 
16:0 15.09±0.57 15.07±0.30 25.65±1.34 24.62 ±1.25 0.0001 NS NS 
16:ln-7 2.05±0.18 2.27±0.21 9.84±0.60 9.47 ±0.54 0.0001 NS NS 
17:0 0 0 0.22±0.01 0.20±0.04 0.0001 NS NS 
18:0 3.52±0.18 3.27 ±0.15 3.62±0.14 3.43 ±0.20 NS NS NS 
18:ln-9t 0 0 TR8 TR - - - 
18:ln-9c 24.05±0.81 22.84 ±0.82 19.20±0.93 18.79±0.62 0.0001 NS NS 
18:ln-7 0.84±0.01 0.80±0.03 2.48±0.08 2.41 ±0.10 0.0001 NS NS 
18:2n-6t 0 0 0.32±0.01 0.31 ±0.03 0.0001 NS NS 
18:2n-6c 29.65±1.00 27.33±1.51 5.98±0.22 5.83±0.32 0.0001 NS NS 
20:0 TR 0 0 0 - - - 
18:3n-3c 0.43 ±0.01 0.38±0.02 0.60±0.02 0.57 ±0.04 0.0001 NS NS 
20:ln-9 0.11 ±0.02 0.07 ±0.03 0.42±0.01 0.39±0.01 0.0001 NS NS 
20:2n-6 0.17±0.01 0.13 ±0.03 0 0 0.0001 NS NS 
22:0 TR TR 0 0 - - - 
21:0 0 0 0.95±0.04 0.86±0.07 0.0001 NS NS 
20:4n-6 0.32±0.03 0.26±0.01 0.34±0.01 0.33±0.03 0.04 NS NS 
20:5n-3c 0 0 2.15±0.13 1.82±0.20 0.0001 NS NS 
22:5n-3 TR 0 0.63 ±0.04 0.53±0.04 0.0001 NS NS 
22:6n-3 0 0 1.89±0.11 1.66±0.14 0.0001 NS NS 
Others O.88±0.07 0.77 ±0.05 4.10±0.10 3.58±0.39 0.0001 NS NS 
Total n-6 30.13 ±1.02 27.71 ±1.51 6.64±0.23 6.46±0.35 0.0001 NS NS 
Total n-3 0.46±0.03 0.38±0.02 5.26 ±0.27 4.57±0.41 0.0001 NS NS • 
Total SFA9 19.57±0.68 19.32±0.29 35.32±1.64 33.83±1.72 0.0001 NS NS 
Total MUFA10 27.06±0.91 25.98 ±0.75 32.18±1.61 31.33±1.17 0.0002 NS NS 
Total PUFA" 30.59±1.01 28.09 ±1.53 11.90±0.38 11.03±0.75 0.0001 NS NS 
n-6/n-3 66.53 ±4.32 72.76±1.26 1.28±0.08 1.45±0.10 0.0001 NS NS 

1 Expressed as milligrams of the fatty acid methyl ester per hundred milligram of wet sample. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample of 

each fatty acid which contains no double bonds. 
10 Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample 

of each fatty acid which contains one double bond. 
" Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample 

of each fatty acid which contains two or more double bonds. 
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b. Epididymal Fat 

The fatty acid profile for epididymal fat is given as weight percentages in Table 

9 and as milligrams fatty acid per 100 milligrams of wet tissue in Table 10. Again about 

95% of the fatty acids in the CO-fed rats is found in the five fatty acids, 16:0, 16: ln-7, 

18:0, 18:ln-9c, and 18:2n-6c, while in the FO-fed rats these fatty acids represent less 

than 75% of the fatty acids. The FO-fed animals contained more SFA (38.87+0.56 vs 

23.07±0.37, p<0.0001). The major contributors were 14:0 (5.59+0.08 in FO-fed rats 

vs 1.31±0.03 in CO-fed rats, p<0.0001) and 16:0 (28.22±0.53 vs 17.71+0.43, 

p< 0.0001). The content of 18:0, in contrast to its level in retroperitoneal adipose tissue, 

decreased in FO-fed rats (3.26+0.11 vs 4.03+0.09, p< 0.0001). The content of PUFA 

decreased in FO-fed rats (40.57+0.58 vs 17.93±0.71, p<0.0001). The difference in 

the 18:2n-6c content between the two dietary groups was greater in the epididymal 

adipose tissue than it was in the retroperitoneal group. In epididymal adipose tissue the 

level in CO-fed rats was 39.14±0.56, while in the FO-fed rats it was 8.27±0.26 

(p< 0.0001), a ratio of 4.7. In retroperitoneal adipose tissue the ratio was 2.7. Total n-6 

fatty acids were higher in the CO group when compared to the FO group (39.94+0.57 

vs 9.29+0.27, p<0.0001), while the total n-3 fatty acids were higher in FO-fed animals 

than CO-fed ones (8.64+0.56 vs 0.63+0.02, p < 0.0001). The peroxidizability index was 

higher in the FO group than the CO group (46.64+2.62 vs 42.33±0.59, p<0.04). 

There was a significant interaction (p<0.03) between the dietary oil and MEKP 

treatment on the content of arachidonic acid (20:4n-6). The MEKP treatment caused an 
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TABLE 9 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Epididymal Tissue Lipid (Weight %)'•2 

Fatty acid CO FO P- values3 

""-"MEKF" '""MEKF"" -MEKP""" ~~"MEKP"" —o»— -TI- "6*f" 
14:0 1.21 ±0.03 1.41 ±0.03 5.61 ±0.10 5.56±0.06 0.0001 NS NS 
14:1 0 0 0.39±0.01 0.37±0.02 0.0001 NS NS 
15:0 TR8 0 0.38 ±0.02 0.36±0.01 0.0001 NS NS 
16:0 17.47±0.40 17.96 ±0.45 27.86 ±0.50 28.59 ±0.57 0.0001 NS NS 
16:ln-7 3.11±0.18 3.58±0.37 13.05±0.25 12.99±0.14 0.0001 NS NS 
17:0 0 0 0.23 ±0.05 0.26±0.01 0.0001 NS NS 
18:0 4.05±0.10 4.00±0.09 3.23 ±0.10 3.29 ±0.11 0.0001 NS NS 
18:ln-9t 0 0 0.13 ±0.06 0.08 ±0.05 0.01 NS NS 
18:ln-9c 30.81 ±0.16 30.28±0.16 21.05±0.31 21.51 ±0.59 0.0001 NS NS 
18:ln-7 1.15 ±0.02 1.20±0.03 2.83 ±0.09 2.86 ±0.09 0.0001 NS NS 
18:2n-6t 0 0 0.47 ±0.04 0.43 ±0.02 0.0001 NS NS 
18:2n-6c 39.72 ±0.46 38.56±0.66 8.29±0.25 8.26 ±0.28 0.0001 NS NS 
20:0 0 0 0 0 - - - 
18:3n-3c 0.62±0.02 0.64±0.02 0.77±0.01 0.75 ±0.03 0.0001 NS NS 
20:ln-9 0.05 ±0.03 0.12±0.04 0.42±0.02 0.40 ±0.02 0.0001 NS NS 
20:2n-6 0.20±0.04 0.27 ±0.02 0 0 0.0001 NS NS 
22:0 0 0 0 0 - - - 
21:0 0 0 1.21 ±0.03 1.17±0.05 0.0001 NS NS 
20:4n-6 0.50±0.03 0.63 ±0.06 0.60±0.03 0.53 ±0.03 NS NS 0.03 
20:5n-3c 0 0 3.95±0.23 3.55±0.34 0.0001 NS NS 
22:5n-3 0 0 0.96±0.04 0.87 ±0.05 0.0001 NS NS 
22:6n-3 0 0 3.33±0.21 3.09±0.25 0.0001 NS NS 
Others 1.07±0.12 1.36±0.14 5.26±0.30 5.08±0.31 0.0001 NS NS 
Total n-6 40.42±0.50 39.46±0.63 9.35±0.25 9.22±0.29 0.0001 NS NS 
Total n-3 0.62±0.02 0.64±0.02 9.01 ±0.47 8.26 ±0.64 0.0001 NS NS 
Total SFA9 22.78±0.36 23.36±0.39 38.52±0.53 39.23±0.58 0.0001 NS NS 
Total MUFA10 35.11 ±0.30 35.19±0.31 37.87±0.41 38.21 ±0.62 0.0001 NS NS 
Total PUFA" 41.04±0.51 40.09 ±0.65 18.36±0.62 17.49±0.80 0.0001 NS NS 
n-6/n-3 65.23 ±1.57 61.94±1.68 1.05 ±0.05 1.14±0.08 0.0001 NS NS 
PI12 42.67 ±0.54 41.99±0.63 48.34±2.26 44.93 ±2.97 0.04 NS NS 

Expressed as weight percent of the fatty acid methyl esters. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the weight percent of each fatty acid which contains no double bonds. 
10 Summation of the weight percent of each fatty acid which contains one double bond. 
11 Summation of the weight percent of each fatty acid which contains two or more double bonds. 
12 Peroxidizability index. 
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TABLE 10 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Epididymal Tissue Lipid (mg/100 mg)1,2 

Fatty acid CO FO P- values3 

"""-"MEKF" ""MEKP^ ""-MEKP "MEKP"' — o*""- -TI- "6*t" 
14:0 1.03±0.04 1.16±0.04 4.78±0.16 4.87 ±0.24 0.0001 NS NS 
14:1 0 0 0.33±0.01 0.32±0.03 0.0001 NS NS 
15:0 TR8 0 0.32±0.02 0.32±0.02 0.0001 NS NS 
16:0 14.82 ±0.40 14.78±0.48 23.70±0.45 25.10±1.35 0.0001 NS NS 
16:ln-7 2.64±0.16 2.94±0.30 11.10±0.20 11.42±0.65 0.0001 NS NS 
17:0 0 0 0.20±0.04 0.23 ±0.02 0.0001 NS NS 
18:0 3.44±0.09 3.29±0.09 2.75 ±0.11 2.87±0.11 0.0001 NS NS 
18:ln-9t 0 0 0.11 ±0.05 0.08 ±0.05 0.01 NS NS 
18:ln-9c 26.13±0.36 24.92±0.42 17.92±0.44 18.80±0.73 0.0001 NS NS 
18:ln-7 0.97±0.01 0.99±0.01 2.41±0.11 2.50±0.10 0.0001 NS NS 
18:2n-6t 0 0 0.40±0.04 0.38±0.03 0.0001 NS NS 
18:2n-6c 33.68 ±0.47 31.74±0.89 7.06±0.26 7.24±0.40 0.0001 NS NS 
20:0 0 0 0 0 - - - 
18:3n-3c 0.53 ±0.02 0.53 ±0.02 0.66 ±0.02 0.66±0.04 0.0001 NS NS 
20:ln-9 0.05 ±0.03 0.10±0.03 0.36 ±0.02 0.35±0.02 0.0001 NS NS 
20:2n-6 0.17 ±0.04 0.22±0.01 0 0 0.0001 NS NS 
22:0 0 0 0 0 - - - 
21:0 0 0 1.03 ±0.04 1.02±0.07 0.0001 NS NS 
20:4n-6 0.42±0.03 0.51 ±0.05 0.51 ±0.02 0.47 ±0.04 NS NS NS 
20:5n-3c 0 0 3.35±0.19 3.14±0.37 0.0001 NS NS 
22:5n-3 0 0 0.82±0.03 0.77 ±0.05 0.0001 NS NS 
22:6n-3 0 0 2.83±0.17 2.72±0.27 0.0001 NS NS 
Others 0.91 ±0.10 1.11 ±0.09 4.48±0.27 4.46±0.35 0.0001 NS NS 
Total n-6 34.26±0.48 32.48±0.87 7.97±0.28 8.09 ±0.45 0.0001 NS NS 
Total n-3 0.53 ±0.02 0.53 ±0.02 7.65±0.38 7.28±0.72 0.0001 NS NS 
Total SFA9 19.32±0.41 19.23±0.51 32.78±0.69 34.41±1.73 0.0001 NS NS 
Total MUFA10 29.78±0.45 28.95 ±0.52 32.23 ±0.65 33.47±1.45 0.001 NS NS 
Total PUFA" 34.80±0.49 33.01 ±0.89 15.62±0.56 15.37±1.08 0.0001 NS NS 
n-6/n-3 65.23 ±1.57 61.94±1.68 1.05 ±0.05 1.14±0.08 0.0001 NS NS 

1 Expressed as milligrams of the fatty acid methyl ester per 100 milligram of wet sample. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample of each 

fatty acid which contains no double bonds. 
10 Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample of each 

fatty acid which contains one double bond. 
" Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample of each 

fatty acid which contains two or more double bonds. 
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increase in 20:4n-6 in the tissues of CO-fed animals (0.50±0.03 vs 0.63±0.06) and a 

decrease in FO-fed animals (0.60±0.03 vs 0.53±0.03). 

The fatty acid profile of the epididymal adipose tissue expressed in mg fatty acid 

per lOOmg of tissue is shown in Table 10 and the results are similar to expressing the 

data as weight percent. The SFA content was significantly higher in the FO-fed rats 

(33.60±1.21 vs 19.28±0.46 mg/lOOmg, p<0.0001), contributed mostly by the higher 

content of 16:0 (24.40±0.90 vs 14.80±0.44, p<0.0001) and 14:0 (4.83±0.20 vs 

1.10±0.04, p< 0.0001). The content of PUFA was significantly lower in the FO-fed rats 

(15.50±0.57 vs 33.91 ±0.69, p<0.0001). The higher level in the CO-fed rats was 

because of their higher content of 18:2n-6c (32.71 ±0.68 vs 7.15 ±0.33, p < 0.0001). The 

n-3 fatty acids contributed to the PUFA content of the FO-fed rats (7.47±0.55 vs 

0.53±0.02, p<0.0001). The MEKP treatment did not have any effect on the fatty acid 

profile of the epididymal tissue. The interaction between the dietary oil and MEKP 

treatment seen in arachidonic acid when expressed as weight percent was not seen when 

expressed as mg per lOOmg of wet tissue. 

c. Subcutaneous Fat 

The effect of dietary oil and MEKP treatment on the fatty acid composition of 

subcutaneous tissue are given in Table 11 (expressed as weight percent) and Table 12 

(expressed as milligrams per 100 milligrams). It is consistent with those reported for 

retroperitoneal and epididymal tissues, showing a similar pattern of tissue profile in both 

dietary groups. As seen in Table 11, the 14:0, 16:0, 16:ln-7, 18:ln-7, 18:3n-3c and 
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TABLE 11 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Subcutaneous Tissue Lipid (Weight %)'• 2 

Fatty acid CO FO P-1 values3 

""-"MEKF" "+"MEKPS"" ""-MEKP ~"+"MEiar"" —■&— "f" ~~6*f~ 
14:0 1.37±0.05 1.58±0.08 5.87±0.16 5.99±0.11 0.0001 NS NS 
14:1 0 0 0.19±0.04 0.21 ±0.04 0.0001 NS NS 
15:0 0.04±0.03 0 0.37±0.02 0.39±0.14 0.0001 NS NS 
16:0 17.95±0.27 18.46±0.33 28.78±0.46 28.94±0.44 0.0001 NS NS 
16:ln-7 1.96±0.19 2.01 ±0.19 10.95±0.16 10.85±0.20 0.0001 NS NS 
17:0 0 0 0.27±0.06 0.27±0.06 0.0001 NS NS 
18:0 5.18±0.19 5.20±0.10 4.38±0.13 4.46±0.20 0.0001 NS NS 
18:ln-9t 0.12±0.03 0 TR8 0.11 ±0.07 NS NS 0.02 
18:ln-9c 30.41 ±0.23 30.30±0.19 23.60±0.87 23.52±0.62 0.0001 NS NS 
18:ln-7 1.14±0.02 1.12±0.02 2.60±0.52 3.10±0.06 0.0001 NS NS 
18:2n-6t 0 0 0.33 ±0.07 0.42±0.05 0.0001 NS NS 
18:2n-6c 39.35±0.50 38.78±0.63 9.17±0.33 9.42±0.34 0.0001 NS NS 
20:0 0.09 ±0.03 0 0 0 - - - 
18:3n-3c 0.58 ±0.02 0.54±0.01 0.76 ±0.02 0.76 ±0.03 0.0001 NS NS 
20:ln-9 0.14±0.03 0.09 ±0.04 0.50±0.01 0.49 ±0.02 0.0001 NS NS 
20:2n-6 0.20±0.01 0.13±0.04 0 0 0.0001 NS NS 
22:0 TR 0 0 0 - - - 
21:0 0 0 1.13±0.05 1.10±0.04 0.0001 NS NS 
20:4n-6 0.43 ±0.03 0.41 ±0.02 0.45 ±0.02 0.43 ±0.02 NS NS NS 
20:5n-3c 0 0 2.58±0.22 2.37±0.18 0.0001 NS NS 
22:5n-3 TR 0 0.75 ±0.05 0.71 ±0.03 0.0001 NS NS 
22:6n-3 0 0 2.32±0.24 2.23±0.11 0.0001 NS NS 
Others 1.00±0.03 1.38±0.15 4.97±0.34 4.24±0.29 0.0001 NS NS 
Total n-6 39.98±0.49 39.33 ±0.62 9.95±0.41 10.28±0.37 0.0001 NS NS 
Total n-3 0.62±0.06 0.54±0.01 6.41 ±0.49 6.07±0.33 0.0001 NS NS 
Total SFA9 24.64±0.22 25.23 ±0.28 40.80±0.33 41.14±0.47 0.0001 NS NS 
Total MUFA10 33.77±0.38 33.53±0.34 37.87±0.44 38.28±0.43 0.0001 NS NS 
Total PUFA" 40.59 ±0.49 39.87±0.63 16.37±0.86 16.35 ±0.60 0.0001 NS NS 
n-6/n-3 66.90±4.81 72.80±0.83 1.58±0.07 1.71 ±0.09 0.0001 NS NS 
PI12 42.16±0.52 41.22±0.65 37.30±2.54 36.12±1.61 0.005 NS NS 

1 Expressed as the weight percent of the fatty acid methyl esters. 
2 Values are mean ± SEM. n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the weight percent of each fatty acid which contains no double bonds. 
10 Summation of the weight percent of each fatty acid which contains one double bond. 
" Summation of the weight percent of each fatty acid which contains two or more double bonds. 
12 Peroxidizability index. 
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TABLE 12 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Subcutaneous Tissue Lipid (mg/lOO mg)1, 2 

Fatty acid CO FO P -values3 

""-"MEKF"" """MEKP5"" """-MEKP ""+"MEKP"" —o»— "jl— "o*T"" 
14:0 1.01 ±0.06 1.09±0.10 4.45 ±0.39 4.90±0.25 0.0001 NS NS 
14:1 0 0 0.16 ±0.03 0.18±0.04 0.0001 NS NS 
15:0 0.03 ±0.02 0 0.28 ±0.03 0.32±0.02 0.0001 NS NS 
16:0 13.14±0.57 12.62±0.94 21.56±1.42 23.77±1.48 0.0001 NS NS 
16:ln-7 1.42±0.12 1.38±0.18 8.22±0.58 8.92±0.57 0.0001 NS NS 
17:0 0 0 0.22±0.05 0.22±0.05 0.0001 NS NS 
18:0 3.81 ±0.26 3.56±0.27 3.27±0.20 3.65±0.24 NS NS NS 
18:ln-9t 0.09 ±0.02 0 TR8 0.10±0.07 NS NS 0.03 
18:ln-9c 22.25±0.88 20.68 ±1.33 17.53±0.89 19.19±0.84 0.006 NS NS 
18:ln-7 0.83 ±0.03 0.76 ±0.05 2.10±0.42 2.53 ±0.10 0.0001 NS NS 
18:2n-6t 0 0 0.26 ±0.05 0.35±0.05 0.0001 NS NS 
18:2n-6c 28.85 ±1.40 26.40 ±1.55 6.96±0.65 7.69±0.38 0.0001 NS NS 
20:0 0.07 ±0.02 0 0 0 - - - 
18:3n-3c 0.42±0.03 0.37 ±0.02 0.58 ±0.05 0.62±0.04 0.0001 NS NS 
20:ln-9 0.11 ±0.02 0.07 ±0.03 0.38±0.03 0.40±0.02 0.0001 NS NS 
20:2n-6 0.14±0.01 0.10±0.03 0 0 0.0001 NS NS 
22:0 TR 0 0 0 - - - 
21:0 0 0 0.86±0.09 0.91±0.06 0.0001 NS NS 
20:4n-6 0.31 ±0.02 0.28±0.02 0.34±0.03 0.35 ±0.02 NS NS NS 
20:5n-3c 0 0 1.99±0.25 1.97±0.23 0.0001 NS NS 
22:5n-3 TR 0 0.58±0.07 0.59±0.05 0.0001 NS NS 
22:6n-3 0 0 1.79±0.25 1.83±0.15 0.0001 NS NS 
Others 0.73 ±0.04 0.94±0.11 3.67±0.21 3.47 ±0.29 0.0001 NS NS 
Total n-6 29.30±1.40 26.79±1.60 7.56±0.73 8.40±0.45 0.0001 NS NS 
Total n-3 0.46±0.05 0.37±0.02 4.92±0.60 5.01±0.46 0.0001 NS NS 
Total SFA9 18.06±0.85 17.27 ±1.27 30.64±2.13 33.76±2.02 0.0001 NS NS 
Total MUFA10 24.69 ±0.94 22.89 ±1.52 28.40±1.91 31.32±1.53 0.001 NS NS 
Total PUFA" 29.75±1.43 27.15 ±1.62 12.49±1.31 13.42±0.89 0.0001 NS NS 
n-6/n-3 66.90±4.81 72.80±0.83 1.58±0.07 1.71±0.09 0.0001 NS NS 

1 Expressed as milligrams of the fatty acid methyl ester per hundred milligram of wet sample. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 -l-MEKP = With MEKP injection. 
60 5= Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample of 

each fatty acid which contains no double bonds. 
10 Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample 

of each fatty acid which contains one double bond. 
1' Summation of the milligrams of the fatty acid methyl esters per hundred milligram of wet sample 

of each fatty acid which contains two or more double bonds. 
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20:ln-9 were significantly higher (p< 0.0001) in the tissues of fish oil-fed animals when 

compared to com oil-fed ones. This was reflected in the significantly higher amounts of 

total saturated and monoun saturated fatty acids in the fish oil group than com oil group 

(40.97±0.40 vs 24.94+0.25 and 38.08+0.44 vs 33.65±0.36, respectively, p<0.0001). 

There was a significant difference in the content of 18:0 between the two groups, being 

higher in the CO-fed animals (5.19+0.15 vs 4.42±0.17, p<0.0001). Also, the total 

PUFA content, consisting of mostly 18:2n-6c was higher in the CO group than the FO 

group (39.07+0.57 vs 9.30+0.34, p<0.0001). This level of 18:2n-6c is much lower 

among FO fed group in this tissue when compared to retroperitoneal fat pad. There was 

no significant difference in the 20:4n-6 content of the two diet groups. The content of 

n-3 fatty acids, consisting primarily of the three fatty acids, 20:5n-3, 22:5n-3 and 22:6n- 

3, was much higher in the FO group and were found at the following levels respectively, 

2.48+0.20, 0.73±0.04, and 2.28±0.18. The content of 18:3n-3 was also higher in the 

FO-fed   rats  (0.76±0.03  vs  0.56+0.02,   p<0.0001).  The  MUFA  content  also 

significantly different between the two dietary groups, with the FO-fed animals having 

a higher content than CO-fed ones (38.08±0.44 vs 33.65+0.36, p< 0.0001). There was 

a significant difference in the peroxidizability index of the two diet groups. The FO-fed 

rats had a lower PI of 36.71+2.08 in comparison to 41.69+0.59 of the CO-fed group 

(p< 0.005). 

The fatty acid profile of the subcutaneous adipose tissue expressed in mg fatty 

acid per lOOmg of tissue is shown in Table 12. The results were similar to expressing 

the data as weight percent. The only difference between expressing the data in these two 
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formats was seen in the 18:0 content. The content of 18:0 was significantly higher in the 

CO group when compared to FO group when expressed as weight percent; however, 

when expressed as absolute quantity, there was no longer a significant difference. The 

content of SFA was significantly higher in the FO-fed rats (32.20±2.08 vs 17.67+1.06 

mg/lOOmg, p<0.0001). Most of this was derived from the higher content of 16:0 

(22.67±1.46 vs 12.88±0.76, p<0.0001) and from 14:0 (4.68+0.32 vs 1.05±0.08, 

p<0.0001). The content of PUFA was significantly lower in the FO-fed rats when 

compared to CO-fed ones (12.96+1.10 vs 28.45 + 1.53, p<0.0001). The MEKP 

treatment did not have any effect on the fatty acid profile of subcutaneous tissue. 

d. Gastrocnemius Muscle 

The fatty acid profile for gastrocnemius muscle is given as weight percentages in 

Table 13. Almost 90% of the fatty acids are found in the following fatty acids: 16:0, 

18:0, 18:ln-9c, and 18:2n-6c. In addition, unlike the adipose tissues, the gastrocnemius 

muscle contained significantly higher percentage of arachidonic acid (10.03+0.76 in CO- 

fed animals vs 3.77±0.18 in FO-fed ones, p<0.0001). Although the SFA content was 

significantly higher in the fish oil group than the com oil group (32.33+0.80 in CO 

group vs 36.85+0.35 in FO group, p<0.0001), this difference was much smaller in this 

tissue when compared to the adipose tissues. This was mainly due to the higher 

percentage of 18:0 in CO-fed animals when compared to FO-fed ones (11.86+0.56 of 

CO-fed animals vs 9.47+0.35 of FO-fed ones, p<0.0001) in this tissue in contrast to 

adipose tissues. 
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TABLE 13 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Gastrocnemius Muscle (Weight %)'•2 

Fatty acid CO FO P- values3 

"""-"MEKP4""- """"MEKP5"" -MEKP "MEiCP"' —-gr- —Tl- "6*f" 
14:0 0.73 ±0.07 0.77 ±0.04 3.00±0.25 2.42±0.15 0.0001 NS NS 
14:1 TR8 - - - - - - 
15:0 0.97 ±0.08 1.02±0.09 0.37±0.02 0.33±0.01 0.0001 NS NS 
16:0 18.13±0.18 17.99±0.31 22.76 ±0.30 22.41 ±0.28 0.0001 NS NS 
16:ln-7 0.76 ±0.12 0.75 ±0.09 5.02±0.40 4.07 ±0.24 0.0001 NS NS 
17:0 - - 0.49±0.03 0.51 ±0.01 - - - 
18:0 11.69±0.62 12.03 ±0.49 8.89±0.37 10.04±0.32 0.0001 NS NS 
18:ln-9t 0.11±0.04 0.10±0.04 - - - - - 
18:ln-9c 16.54±1.10 16.17±1.17 11.15±0.74 9.44±0.42 0.0001 NS NS 
18:ln-7 1.66±0.03 1.72±0.04 3.71 ±0.02 3.78±0.03 0.0001 NS NS 
18:2n-6t - - TR - - - - 
18:2n-6c 29.02 ±0.69 28.16 ±1.07 9.31±0.17 8.94±0.20 0.0001 NS NS 
20:0 TR TR - - - - - 
18:3n-3c 0.29 ±0.03 0.29±0.03 0.39±0.03 0.31 ±0.02 0.03 NS NS 
20:ln-9 0.08 ±0.03 TR 0.29 ±0.06 0.31 ±0.01 0.0001 NS NS 
20:2n-6 0.42±0.02 0.44±0.01 - TR - - - 
22:0 0.36±0.02 0.38±0.02 0.45 ±0.03 0.53±0.01 0.0001 0.03 NS 
21:0 - - 0.60±0.13 0.43 ±0.05 - - - 
20:4n-6 9.73 ±0.69 10.33±0.83 3.48 ±0.22 4.05 ±0.13 0.0001 NS NS 
20:5n-3c - - 3.42±0.12 3.38±0.14 - - - 
22:4n-6 0.98 ±0.05 1.13±0.06 - TR - - - 
22:5n-3 0.97 ±0.07 0.99±0.07 2.09±0.10 2.21 ±0.04 0.0001 NS NS 
22:6n-3 3.99 ±0.29 3.96±0.37 16.91 ±0.98 19.66±0.64 0.0001 0.04 0.04 
Others 3.08±0.20 3.48±0.15 7.18±0.24 6.58±0.39 0.0001 NS NS 
Total n-6 40.21 ±0.26 40.04 ±0.21 12.87±0.27 13.16±0.10 0.0001 NS NS 
Total n-3 5.26±0.33 5.23 ±0.42 22.80±1.16 25.56 ±0.66 0.0001 NS NS 
Total SFA9 32.20±0.71 32.46±0.88 36.79±0.31 36.90±0.38 0.0001 NS NS 
Total MUFA'0 19.26±1.27 18.79±1.22 20.36 ±1.15 17.81 ±0.64 NS NS NS 
Total PUFA" 45.46 ±0.46 45.28±0.26 35.67±1.38 38.72±0.64 0.0001 NS NS 
n-6/n-3 7.81 ±0.49 7.96±0.78 0.57 ±0.02 0.52±0.02 0.0001 NS NS 
PI12 85.70±3.14 86.83±3.66 127.17±6.31 142.70±3.45 0.0001 NS NS 

'  Expressed as weight percent of the fatty acid methyl esters. 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the weight percent of each fatty acid which contains no double bonds. 
10 Summation of the weight percent of each fatty acid which contains one double bond. 
" Summation of the weight percent of each fatty acid which contains two or more double bonds. 
12 Peroxidizability index. 
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The total PUFA content also increased in the FO-fed animals in this tissue when 

compared to the adipose tissues, because the n-3 fatty acids, namely, 22:5n-3 and 22:6n- 

3 were all present in higher percentages in the FO-fed group than CO-fed group 

(2.15±0.07 vs 0.98±0.07, and 18.29±0.81 vs 3.98±0.33, p<0.0001, and p<0.0001 

respectively). There was a significant interaction between the dietary oil and MEKP 

treatment on the content of 22:6n-3 (p<0.04). Its content in the CO-fed animals 

(3.99±0.29 vs 3.96+0.37) remained virtually unchanged while it increased in the FO- 

fed ones (16.91+0.98 vs 19.66±0.64). The PI was significantly different, higher in the 

FO-fed rats compared to the CO-fed ones (134.94+4.88 in FO-fed animals vs 

86.27±3.40 in CO-fed ones, p<0.0001). The PI was much higher in this tissue than it 

was in the adipose tissues as the content of PUFA, especially the EPA and DHA, were 

much higher in this tissue. The n-6 fatty acids were significantly higher in the CO-fed 

animals when compared to the FO-fed ones (40.13+0.23 vs 13.02+0.19, p<0.0001), 

and 18:2n-6c and 20:4n-6 contributed mainly to this increase in the CO-fed group. 

Although the total n-6 fatty acids were similar to the adipose tissues, the higher n-3 fatty 

acids in this tissue caused the n-6/n-3 ratio to decrease. This ratio was significantly 

higher in the CO-fed animals when compared to the FO-fed ones (7.89±0.64 vs 

0.55±0.02, p< 0.0001). The MUFA content in this tissue was much lower than the 

adipose tissues, due to the lower content of 18: ln-9c. There was no significant difference 

in the 18:ln-9c content between the FO-fed and CO-fed groups. When the data are 

expressed as mg/100 mg (table 14), the same general picture emerges. 
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TABLE 14 
Effect of Dietary Oil and MEKP Treatment on the Fatty Acid Composition 

of Gastrocnemius Muscle (mg/100 mg)1,2 

Fatty acid CO FO P- values3 

"""-"MEKF"" +"MEKPr"" - MEKP"" "+~MEKP~ —or- "TI- "6*t" 
14:0 0.01±0 0.01 ±0 0.05 ±0.01 0.04±0 0.0001 NS NS 
14:1 TR8 - - - - - - 
15:0 0.02 ±0 0.02±0 0.01 ±0 0.01 ±0 0.0001 0.04 NS 
16:0 0.33 ±0.02 0.28±0.01 0.39±0.04 0.34±0.01 0.03 NS NS 
16:ln-7 0.01 ±0 0.01 ±0 0.09 ±0.02 0.06±0.01 0.0001 NS NS 
17:0 - - 0.01 ±0 0.01 ±0 - - - 
18:0 0.21 ±0.01 0.19±0 0.15±0.01 0.15±0 0.0001 NS NS 
18:ln-9t TR TR - - - - - 
18:ln-9c 0.31 ±0.04 0.26 ±0.03 0.20±0.03 0.15 ±0.01 0.002 NS NS 
18:ln-7 0.33±0 0.03 ±0 0.06±0.01 0.06±0 0.0001 NS NS 
18:2n-6t - - TR - - - - 
18:2n-6c 0.53 ±0.05 0.45 ±0.04 0.16 ±0.02 0.14±0 0.0001 NS NS 
20:0 TR TR - - - - - 
18:3n-3c 0.01±0 TR 0.01 ±0 TR - - - 
20:ln-9 TR TR 0.01 ±0 TR - - - 
20:2n-6 0.01 ±0 TR - TR - - - 
22:0 0.01 ±0 0.01 ±0 0.01 ±0 0.01 ±0 - - - 
21:0 - - 0.01 ±0 TR - - - 
20:4n-6 0.17±0 0.16±0.01 0.06±0 0.06±0 0.0001 NS NS 
20:5n-3c - - 0.06±0 0.05 ±0 - - - 
22:4n-6 0.02±0 0.02±0 - TR - - - 
22:5n-3 0.02±0 0.02 ±0 0.03 ±0 0.03 ±0 0.0001 NS NS 
22:6n-3 0.07 ±0 0.06±0 0.28±0.02 0.30±0.01 0.0001 NS NS 
Others 0.06±0 0.05 ±0 0.12±0.02 0.10±0.01 0.0001 NS NS 
Total n-6 0.73 ±0.05 0.63±0.04 0.22 ±0.02 0.20±0 0.0001 NS NS 
Total n-3 0.09±0 0.08 ±0 0.38±0.03 0.39±0.01 0.0001 NS NS 
Total SFA9 0.58±0.03 0.51 ±0.02 0.63 ±0.07 0.56±0.02 NS NS NS 
Total MUFA10 0.36 ±0.05 0.30±0.04 0.36±0.06 0.27 ±0.02 NS NS" NS 
Total PUFA" 0.82±0.05 0.71 ±0.04 0.60±0.04 0.59 ±0.02 0.0003 NS NS 
n-6/n-3 7.80±0.49 7.95±0.77 0.57 ±0.02 0.52±0.15 0.0001 NS NS 

Expressed as milligrams of the fatty acid methyl ester per 100 milligram of wet sampIeT 
2 Values are mean ± SEM; n = 6. 
3 NS = Not Significant at p < 0.05. 
4 -MEKP = No MEKP injection. 
5 +MEKP = With MEKP injection. 
6 O = Effect of dietary oil. 
7 T = Effect of MEKP treatment. 
8 Only traces of fatty acid found. 
9 Summation of the milligrams of the fatty acid methyl esters per hundred milligram 

fatty acid which contains no double bonds. 
10 Summation of the milligrams of the fatty acid methyl esters per hundred milligram 

fatty acid which contains one double bond. 
" Summation of the milligrams of the fatty acid methyl esters per hundred milligram 

fatty acid which contains two or more double bonds. 

of wet sample of each 

of wet sample of each 

of wet sample of each 
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LIPOPROTEIN LIPASE ACTIVITY 

The LPL activity in retroperitoneal, soleus, epididymal and subcutaneous tissues 

is shown in Table 15. In the retroperitoneal fat pad, in the com oil-fed animals the LPL 

activity was 20% higher than it was in the fish oil-fed animals (4.87+0.37 vs 

3.94+0.40, p<0.03) when expressed as nmoles oleic acid per mg protein per min. This 

effect did not persist when the data were expressed as nmoles oleic acid per mg tissue 

per hour. There was a significant interaction between the type of dietary oil and MEKP 

treatment on the LPL activity of the epididymal fat pads (p<0.0003 and p<0.0005, 

when expressed as nmoles oleic acid per mg tissue per hour and nmoles oleic acid per 

mg protein per min, respectively). The LPL activity dropped from 7.49±0.99 to 

3.13±0.42 nmol oleic acid per mg prot per min with MEKP treatment in CO-fed rats 

but increased from 4.47±0.31 to 6.30±0.99 nmoles oleic acid per mg protein per min 

in FO-fed rats. A similar effect prevailed when the data were expressed as nmol oleic 

acid per mg tissue per hour. The type of dietary oil had a significant effect on LPL 

activity in the subcutaneous fat pad with the FO-fed animals having a higher activity 

when compared to CO-fed ones (1.72±0.20 vs 2.55±0.40 nmoles oleic acid per mg 

tissue per hour and 2.99±0.38 vs 3.84±0.43 nmoles oleic acid per mg protein per min, 

p < 0.02 and p < 0.05 respectively). It is interesting to note that although MEKP treatment 

was significant only for the epididymal fat pad; in both the retroperitoneal and the 

subcutaneous adipose tissues, MEKP treatment led to an increase in LPL activity in FO- 

fed animals but a decrease in CO-fed ones. The LPL activity in the soleus muscle was 
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TABLE 15 
Effect of Dietary Oil and MEKP Treatment on Lipoprotein Lipase Activity1 

Tissue CO 

-MEK?       +MEKP4 

FO p-values2 

-MEKP       +MEKP     O3     7*     0*T 

Retroperitoneal 

nmol OA/mg tiss/hr7 

nmol OA/mg prot/min8 

Epididvmal 

nmol OA/mg tiss/hr 

nmol OA/mg prot/min 

3.16±0.40   4.02±0.36   3.60±0.71 4.66±0.59   NS    NS      NS 

5.17±0.32   4.56±0.41   3.68±0.42 4.20±0.38  0.03   NS      NS 

5.58±0.86   2.93±0.32  3.94±0.27 6.55±0.76   NS    NS   0.0003 

7.49±0.99   3.13±0.42  4.47±0.31 6.30±0.99   NS    NS   0.0005 

Subcutaneous 

nmol OA/mg tiss/hr 

nmol OA/mg prot/min 

Soleus 

nmol OA/mg tiss/hr 

nmol OA/mg prot/min 

1.90±0.26 1.55±0.14 2.50±0.52 2.60±0.27 0.02 NS  NS 

3.19±0.38 2.79±0.37 3.39±0.50 4.26±0.35 0.05 NS  NS 

2.54±0.89 0.81 ±0.17 1.76±0.18 1.74±0.34 NS NS  NS 

1.19±0.39 0.45±0.10 0.78±0.08 0.81±0.17 NS NS  NS 

1 Values are mean ± SEM; n = 6. 
2 NS = Not Significant at p < 0.05. 
3 -MEKP = No MEKP injection. 
4 +MEKP = With MEKP injection. 
5 O = Effect of dietary oil. 
6 T = Effect of MEKP treatment. 
7 Nanomoles of oleic acid per milligram wet tissue per hour. 
8 Nanomoles of oleic acid per milligram protein per min. 
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not affected by the type of dietary oil or MEKP treatment. No discernible activity of LPL 

was measured in gastrocnemius muscle (data not shown). 

LEVEL OF LIPID PEROXIDES 

The effect of dietary oil on in vivo lipid peroxidation as measured by urinary 

TEARS is shown in Table 16. As expected, the volume of urine was greater in the older 

rats (9.80±0.70 vs 5.70+0.80 in the CO-fed rats and 9.90+1.30 vs 6.30±0.30 in the 

FO-fed rats); however, there was no effect of type of dietary oil. There was a significant 

interaction between the weeks and the type of dietary oil on the urinary TEARS 

(p< 0.0001) when the data were expressed as /xmol/day. The interaction was caused by 

the value increasing in the CO-fed rats but decreasing slightly in the FO-fed ones. 

However, when the data were expressed as /imol/mmol creatinine, the value decreased 

at 4 weeks in both groups. The decrease was slightly larger in the FO-fed rats (45% vs 

34%). The difference in TEARS concentration between the com oil and fish oil groups 

was higher at week 2 (3.90±0.19 vs 5.71 ±0.20 respectively) than at week 4 (2.56+0.10 

vs 3.12+0.16 respectively). 
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TABLE 16 
Effect of Dietary Oil on Urine Volume and Urinary Thiobarbituric Acid 

Reactive Substances1 

TEARS CO 

2-weeks 4-weeks 

FO 

2-weeks        4-weeks 

p-values2 

week     week*oil 

Urine volume (ml/day) 

TEARS (/imol/day) 

TEARS Oimol/mmol 
creatinine) 

5.70±0.80   9.80±0.70    6.30±0.30   9.90±1.30    0.0001 NS 

0.12±0.00   0.16±0.01    0.22±0.01   0.20±0.01       NS        0.0001 

3.90±0.19   2.56±0.10    5.71±0.20   3.12±0.16    0.0001      0.0001 

1 Values are mean ± SEM; n = 12. 
2 NS = Not Significant at p < 0.05. 
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DISCUSSION 

The feeding of FO diets compared to CO diets produced no difference in average 

weight gain but resulted in a small but significant lowering of food intake. The fact that 

the food intake of the FO-fed animals was lower but the weight gain similar to that of 

CO-fed ones suggests an improvement in feed efficiency. 

The calculated feed efficiency (defined as grams of food consumed per gram of 

body weight gained) of the FO-fed rats was approximately 10% better than that of the 

CO-fed rats. Pan and Berdanier (1990) suggested that feed efficiency is related to 

changes in fat synthesis. They argue that a lower feed efficiency results in lower ATP 

production. This in turn causes increased synthesis of fatty acids in lieu of proteins, as 

protein synthesis requires more ATP. When this idea is extended to our experiment, 

since the body weight of both groups of animals was similar, it appears that the CO-fed 

animals, which had a slightly lower feed efficiency, may have synthesized more fat and 

less protein, while fish oil fed animals may have synthesized less fat and more protein. 

The lower retroperitoneal and epididymal fat pad weight in the fish oil-fed animals when 

compared to the com oil-fed ones supports this conjecture; increased protein synthesis 

in the fish oil-fed group, however, was not investigated. 

It is also possible that the similarity in body weights could be explained by the 

FO-fed animals preferentially retaining water, assuming similar water intakes and 

transdermal water losses. However, this effect is eliminated because of similar urine 
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volumes excreted by both groups. Differences in feed efficiency may not prevail 

throughout the life cycle. A wad et al.(1990) found that feed efficiency was not affected 

by either fish oil or safflower oil diets in mature rats. 

Although there was no significant difference in weight gain per day among the 

two dietary groups before the injection, the MEKP injection caused significant weight 

loss in both groups. Even the injection of the placebo caused weight gain to lessen. This 

is most likely due to the stress of the injection although considerable effort was taken to 

minimize it. 

The retroperitoneal (inclusive of perirenal) and epididymal fat pad weights of the 

fish oil-fed animals were significantly lower when compared to com oil-fed ones. This 

is in accord with the observations of other investigators. Parrish and Angel (1990) 

showed lower epididymal and perirenal fat pad weights in the fish oil-fed rats than lard- 

fed ones. Marrette et al. (1990) showed decreased weight of epididymal fat pad of com 

oil-fed animals compared to lard-fed rats. However, our data are at odds with that of 

others. Herzberg and Rogerson (1989) saw no differences in epididymal fat pad weight 

among tallow, com oil and MaxEPA fed animals; Awad et al. (1990) measured no 

difference in weights among fish oil, safflower oil and beef fat-fed animals. The fact that 

these two groups did not report differences in weight of fat pads may derive from the 

fact that in the first study the animals were meal-fed and in the second the rats were 

mature. 

The subcutaneous fat pad weight was not significantly different between the com 

oil and fish oil-fed animals in our study. A reason for this may be the way in which the 
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tissue was sampled. In contrast to the other two fat depots studied which are discrete 

tissues, the subcutaneous fat deposit is found under the skin in a large part of the body. 

There is no one single, discrete depot. To overcome this problem, a specific portion of 

the subcutaneous fat depot was removed from a defined area for all animals. Despite the 

care with which this was done, there was a subjective element involved in taking these 

samples. This could have led to taking samples of similar size rather than taking tissue 

from a discrete location. Consequently, no difference in tissue weight would be noted. 

With the epididymal and retroperitoneal tissues, however, a discrete tissue was removed, 

eliminating the subjective element. 

In spite of this, our results are in agreement with A wad et al. (1990) who failed 

to show any significant differences in the carcass fat (which consists mainly of 

subcutaneous fat) among fish oil, safflower oil and beef fat-fed rats. In contrast, 

Shimomura et al. (1990) found lower fat content of the carcass samples in a safflower 

oil diet group than in a beef tallow group, while no differences existed in the abdominal 

adipose tissues (epididymal, perirenal and mesenteric adipose tissues combined). 

In keeping with the lower fat pad weight of the retroperitoneal site were changes 

in adipocyte size and number. The number and diameter of the adipocytes in the 

retroperitoneal and subcutaneous tissues were significantly different between the two 

dietary groups. The fish oil-fed animals had a larger number of small diameter cells, 

while com oil-fed rats had a larger number of large diameter cells. One might anticipate 

that with cell size decreasing but cell number increasing in the fish oil-fed rats but the 

reverse happening in the com oil-fed animals, total fat pad mass in both groups of 
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animals would be equivalent. This apparently does not happen because the increase in the 

amount of fat per cell is so much larger than the decrease in the number of cells per site. 

This disparity allows fat content of adipocytes to increase more rapidly than adipocyte 

number in com oil-fed rats. 

Parrish and Angel (1990) found no differences in adipocyte number between fat 

pads (perirenal and epididymal) of fish oil-fed and lard-fed rats but measured a 

significantly smaller adipocyte volume in the fish oil group. They concluded that the 

difference in fat pad mass between animals consuming the two diets was caused primarily 

by differences in lipid content per adipocyte. Our data also seem to suggest that the 

increase in retroperitoneal fat pad mass is the result of differences in lipid content per 

adipocyte because when the data were expressed as amount of fat per cell, the com oil- 

fed rats had higher values. 

Although the adipocytes of the subcutaneous fat pad in the fish oil group also 

exhibited similar characteristics of smaller diameter and larger number, they did not have 

any significant difference in tissue weight when compared to the com oil group. As 

mentioned earlier, this may have been due to the sampling technique of this tissue. 

Because one cannot remove a discrete subcutaneous tissue, inadvertently one might excise 

a similar tissue mass. The other possibility may have been due to the higher number of 

total adipocytes per fat pad site in the fish oil group when compared to the com oil group 

(9.57 x 106 and 7.82 x 106, respectively). This increased number of small cells could 

have accumulated the same amount of fat as the com-oil group, thereby no significant 
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weight differences in this tissue was found. Faust and Miller (1981) suggested regional 

differences in fat cell size regulation. 

When the total lipid content of individual fat pads was calculated, it was observed 

that the fish oil-fed animals had a lower lipid content when compared to those fed com 

oil diets at both the retroperitoneal (0.90g vs 1.21g, respectively) and epididymal (1.52g 

vs 1.74g, respectively) sites. In contrast, the subcutaneous fat depots did not differ in 

lipid content between the two dietary groups when expressed as lipid content per site. 

One might obtain a better assessment of the mass of subcutaneous fat if carcass fat were 

measured. However, this measurement would require a separate set of rats making it 

somewhat difficult to obtain. The epididymal adipocyte size and number were not 

analyzed. The retroperitoneal fat pad was chosen as representative of abdominal fat and 

was compared with the subcutaneous fat pad to assess the differences in lipid metabolism 

between different fat pad sites. 

One of the possible causes for the lower uptake of fatty acids into tissues may be 

due to fat malabsorption. However, Parrish and Angel (1990) found no significant 

differences in the lipid content of the stools, in the fecal lipid excretion rate, and the 

proportion of lipid excreted between fish oil-fed and lard-fed rats. Similarly, in a 

previous experiment from our laboratory (Wander and Du, 1992), the digestibility of 

com oil and fish oil diets was studied at two levels of dietary fat (5% and 20%). They 

found that the digestibility of the com and fish oils was similar and not influenced by the 

level of dietary fat. Hence, malabsorption of fish oil was eliminated as a cause for 

reduced uptake into tissues. 
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The fatty acid profiles of the three adipose tissues are similar. The com oil-fed 

animals had a higher PUFA content and the fish oil-fed ones had a higher MUFA and 

SFA contents. In contrast Awad et al. (1990) noted that safflower oil-fed rats had similar 

SFA contents in epididymal adipose tissue compared to com oil-fed rats. The SFA 

content of our diets was similar while Awad's fish oil diet contained over two times as 

much saturated fat as his safflower oil diet. These data suggest that adipose tissue fatty 

acid profiles do not necessarily mimic diet fatty acid composition. The PUFA content of 

the tissue support this observation. Both our data and Awad's data show similar increases 

in the PUFA content of com oil-fed or safflower oil-fed rats compared to fish oil-fed 

ones. This occurs despite the fact that Awad's experimental diet had almost six times as 

much PUFA as the fish oil diet while, in our experiment, the levels in the two diets were 

similar. 

The com oil-fed animals had a higher proportion of linoleic acid incorporated into 

their adipose tissues, whereas the fish oil-fed animals had a higher content of n-3 fatty 

acids, especially EPA and DHA. This is in agreement with Awad et al. (1990) and 

Roshanai and Sanders (1985). The interesting feature here is that although the adipose 

tissue content of n-3 fatty acids was enriched by fish oil feeding the relative percent was 

about four times lower than that found in the gastrocnemius muscle. It was also lower 

than hepatic levels, based on data from a previous study (Song, 1989). Overall, the 

adipose tissue showed limited capacity to store n-3 fatty acids, an observation reported 

by Maruhama et al. (1992) in human tissue. 
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The uptake of triglycerides into adipose tissue may be directly related to LPL 

activity. LPL activity is rate-limiting for the deposition of fat (Bjomtorp et al., 1975). 

Our results are in agreement with this statement in certain tissues. In the retroperitoneal 

fat pad of FO-fed animals, the LPL activity was lower and there was a corresponding 

lower tissue weight. This suggests that the lower LPL activity was responsible for the 

lower amount of fat in this tissue. The retroperitoneal fat tissue of CO-fed animals, on 

the other hand, had larger cells and higher LPL activity and a corresponding increased 

tissue weight. This is in agreement with Hartman et al. (1971) who showed LPL activity 

increased per cell as fat cell size enlarged. Increased LPL activity with cell size has also 

been reported by Hietanen and Greenwood (1977). LPL activity not only plays a role in 

lipid loading, but controls the amount of lipid entry to reach a predetermined fat cell 

size, according to Eckel (1987). 

However, in the epididymal fat pad the relationship is less clear. The LPL activity 

in these tissue showed a significant interaction between the dietary treatment and MEKP 

injection. When only the animals which did not receive an MEKP injection are 

compared, the tissue from the CO-fed rats had higher LPL activity than the tissue from 

FO-fed ones. However, the MEKP treatment decreased LPL activity in the CO group 

and increased it in the FO group. These results are puzzling. Marrette et al. (1990) found 

a negative correlation between LPL activity and accumulation of lipid peroxidation 

fluorescent products in epididymal adipose tissue. Our original hypothesis was that lipid 

peroxidation would be higher in fish oil-fed rats and this would be associated with a 

decrease in LPL activity. Lipid peroxidation would be intensified when animals were 
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treated with MEKP. In our study epididymal tissue from fish oil-fed rats had a higher 

PI than it did from either of the other two adipose tissues. The higher PI, in opposition 

to Marrette et al. (1990), did not correspond to lower LPL activity. Surprisingly, the PI 

was lower in fish oil-fed rats than com oil-fed rats in both retroperitoneal and 

subcutaneous tissue than it was in epididymal tissue. Again lower LPL activity was not 

associated with greater potential for peroxidation, a higher PI. 

Additionally there was an interaction of dietary oil and MEKP treatment on the 

arachidonic acid content of epididymal tissue. MEKP treatment increased the level of 

arachidonic acid in the CO group and decreased it in the FO group. This suggests the 

possibility of the formation of hydroperoxy-arachidonic acid and in turn reduction of LPL 

activity in the com oil group caused by MEKP, a phenomenon we observed. This is 

supported by the work of Wada et al. (1983), where they showed that 15-hydroperoxy 

arachidonic acid can inhibit the activity of LPL. Haug and Hostmark (1987) found lower 

LPL activities in epididymal fat when fish oil-coconut oil and fish oil diets were fed 

when compared to coconut oil fed ones. However, rather than concluding that the 

decreased LPL activity was related to increased peroxidation of lipids, they suggest that 

fish oil reduced the hepatic VLDL output, thus reducing the substrate concentration for 

LPL. According to them, this reduced substrate concentration resulted in decreased LPL 

as an adaptive response. Brown and Layman (1988) on the other hand, suggested that 

tissue and plasma LPL activities are not a direct index of uptake of fatty acids by tissues. 

The LPL activity in the subcutaneous fat pad was lower than that measured in the 

retroperitoneal and epididymal tissues in both the dietary groups. Our results are in 
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agreement with Fried et al.  (1983), who showed that LPL activity in the dorsal 

subcutaneous fat cells was much lower than in the epididymal site. Differences in LPL 

activity between the epididymal and dorsal subcutaneous regions have also been 

previously observed by Steingrimdottir et al. (1980). Additionally, the LPL activity in 

the subcutaneous tissue of fish oil-fed animals was higher than com oil-fed ones and 

opposite to the effect measured in retroperitoneal tissue.  Consequently,  although 

increased LPL activity might be offered to explain larger size of retroperitoneal adipose 

tissue, it does not explain it for subcutaneous adipose tissue. Such a conclusion is not 

unreasonable in view of the observation by Fried et al. (1983) that site-specific variations 

in LPL activity exist. It is also supported by the conclusion of Brown and Layman (1988) 

that lower LPL activity was associated with lower uptake of fatty acids in perirenal 

adipose tissue but not heart, soleus, and plantaris muscle. Although they did not observe 

a lack of association between LPL activity and other adipose tissue sites, their 

observation gives credibility to our conjecturing this relationship. 

It is appropriate to comment on the influence of feeding pattern on LPL activity. 

It has been clearly established that differences in the pattern of food intake influences 

LPL activity. Adipose tissue LPL activity increases and muscle LPL activity decreases 

in the fed state, while the activity is reversed in the fasted state (Delorme and Harris, 

1975). In our study, the animals were intermediate between a fed and fasted state. Rats 

are nocturnal animals and if allowed to pursue their usual eating pattern, spontaneously 

feed from 1500-1800 hours for the greatest portion of their food. DeGasquet et al. (1977) 

measured an increase in adipose tissue LPL activity and a decrease in muscle LPL 
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activity after this feeding interval. They also showed that LPL activity slowly decreased 

in adipose tissue and rose in the muscle with time. They measured distinct minimum and 

maximum times of LPL activity during the 24 hour period following the peak feeding. 

Often in studies in which LPL activity is to be measured, rats are trained to meal-feed 

to control the interval of time from feeding to sacrifice. A typical feeding paradigm is 

as follows (Smolin et al., 1986). The morning meal will be offered between 0900 and 

1100 hours and the afternoon meal between 1500 and 1700 hours. Smolin et al. (1986) 

suggest that the animals be meal fed five out of seven days. Ad libitum feeding on days 

six and seven of each week prevents the weight loss that is sometimes seen with meal 

feeding alone. It generally takes about two weeks to train the rats to eat in this style. 

Once the rats are trained to eat a large meal, they are offered this before killing. In our 

study, the rats' food was removed about 0800 hours on the morning of sacrifice. Hence, 

our animals were closer to a fasted state than the fed state often used in LPL studies. 

It has been difficult to compare LPL activity measured in our study to that others 

have measured. This has been for four reasons. First, as just discussed the feeding 

pattern of our rats differed from most other studies. In general, if the animals were not 

meal fed, they were starved before sacrifice. Second, in many studies the diets differed 

from   ours.   A   common   dietary   paradigm   in   LPL   studies  is   high-carbohydrate 

(approximately 70% by weight) or high fat (approximately 45% by weight) when 

compared to the 50% by weight carbohydrate and 20% by weight fat. However, when 

these diets are used, it is to specifically ask in what manner do they influence LPL 

activity. A unique feature to the fat content of the diet used in our study was that we 
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blended as many as five oils to control the dietary fatty acid profile. No previous study 

evaluating LPL activity has used a similar diet. Our sampling of the adipose tissue site 

differed somewhat from what was done in previous studies. In particular, we took the 

retroperitoneal as well as the perirenal fat pads for renal adipose tissue to increase the 

mass of tissue to study. In addition, we tried to remove a discrete portion of 

subcutaneous tissue rather than use total carcass fat. Finally, our method of measuring 

LPL activity was not the more traditional radioactive one developed by Schotz et al. 

(1970). Instead we used the buffer cascade system developed by Woollett et al. (1984). 

Despite the fact that there are limitations to comparing our results to others in literature, 

there are no such restrictions in internal comparisons. There were no differences seen in 

the soleus and gastrocnemius muscle weights or lipid content between the two dietary 

groups. Since these two muscle types respectively, are slow-twitch red fiber and slow- 

twitch mixed fiber, and highly oxidative, any accumulation of fatty acids may have been 

oxidized. Muscle is known to have only a limited lipid storage capacity (Borensztajn, 

1987). There were no significant differences in LPL activity among the two dietary 

groups in the soleus muscle, which may have contributed to similar uptake of fatty acids. 

Consequently, the original hypothesis of increased uptake of lipids by muscle as adipose 

tissue experiences less was not supported. 

Urinary TEARS was used as a measure of in vivo systemic lipid peroxidation. It 

was lower in both dietary groups at four weeks than to two weeks and the FO-fed rats 

had a higher urinary TEARS than the CO-fed ones. L'Abbe et al. (1991) also measured 

a decrease in urinary TEARS as a function of time. They measured a decrease similar 
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to ours from two to four weeks; it continued to decline up to 16 weeks. This may 

indicate an adjustment of the body to in vivo peroxidation by increased production of 

protective enzymes and better utilization of antioxidants such as vitamin E. It may also 

indicate a dilution of steady-state production of TEARS by increased urinary volume. 

However, this measurement is limited by the fact that it is not tissue-specific. 

Although MEKP was found to be a potent in vivo initiator of lipid peroxidation 

(Litov et al., 1981; and Dillard and Tappel, 1988), it did not appear to do so in our 

animals. This may derive from an incorrect concentration or time to produce its effects. 

Warren and Reed (1991) found an immediate decline in vitamin E levels in plasma after 

MEKP treatment but tissue vitamin E levels were not reduced. This suggests that until 

the tissue pools of vitamin E are depleted, the effect of MEKP may not be appreciable. 

This may have been the situation in our study. 

Adipose tissue weights, lipid content, and adipocyte size and number were 

influenced by the type of dietary fat. The feeding of fish oil diets caused lower amounts 

of lipid to accumulate in retroperitoneal adipose tissue when compared to com oil fed 

ones; rats fed with com oil had larger adipocytes. The increased deposition of lipid was 

associated with increased LPL activity. Although subcutaneous adipose tissue also 

appeared to have larger adipocytes in com oil-fed rats, there was not a similar difference 

in tissue weight and LPL activity. In epididymal tissue there was a lower weight in fish 

oil-fed rats, there were no measurements of cell size and number and LPL activity did 

not reflect changes in lipid content. The MEKP injection seem to have made very little 

difference on these parameters. The ability to decrease abdominal adiposity may be of 
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profound  importance.  The syndrome characterized  by abdominal obesity,  insulin 

resistance, and hypertriglyceridemia, common in Western societies, frequently develops 

into frank type 2 diabetes (noninsulin-dependent diabetes mellitus or NIDDM) and is 

associated with a high risk of cardiovascular disease. Russell (1992) states that reduction 

of abdominal obesity will bring about a concomitant reduction in plasma levels of insulin 

and triglycerides and improved glucose tolerance potentially lessening cardiovascular 

risk. 
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SUMMARY AND CONCLUSIONS 

The purpose of this study was to determine if fish oil altered adipose tissue or 

muscle structure, if the effect were mediated through variation in LPL activity, and if 

LPL activity was modified by the use of MEKP. These effects of n-3 and n-6 fatty acids 

and MEKP on the epididymal, retroperitoneal (inclusive of perirenal), and subcutaneous 

fat pads and the gastrocnemius and soleus muscle were studied in unfasted rats, by 

measuring LPL activity, total lipid, fatty acid profile, and adipocyte size, number and 

distribution. 

The feeding of fish oil diets when compared to com oil diets produced: 

1. no difference in average weight gain but a significant lowering of food intake 

suggesting an increased food efficiency. 

2. lower retroperitoneal and epididymal fat pad weights. Results were identical if 

data were expressed relative to animal size. 

3. significantly higher percentage of smaller diameter adipocytes. 

4. lower lipid content of the retroperitoneal and epididymal fat pads, but no 

difference in the lipid content at the subcutaneous or gastrocnemius sites. 

5. lower LPL activity in retroperitoneal fat pad and higher LPL activity in 

subcutaneous fat pad. An interaction seen in the epididymal fat pad. 

6. retroperitoneal fat pads with similar number of adipocytes but lesser amount of 

lipid per site. A similar trend was not seen in the subcutaneous fat pad. Nothing 
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could be inferred with the epididymal site since cell size and number was not 

measured. 

7. higher amounts of saturated and monounsaturated fatty acids and lower amounts 

of PUFA in all three adipose tissues. 

8. a fatty acid profile with similar peroxidizability indices in adipose tissues, but 

lower than that of muscle. 

9. higher levels of urinary TEARS. 

Injection with MEKP had minimal effect suggesting that adipose tissue exhibits 

a limited response to oxidative stressors. These data suggest that feeding fish oil may 

lead to decreased lipid deposition in abdominal adipose tissue via decreased LPL activity. 

They also suggest that LPL activity is not influenced by the extent of tissue peroxidation. 
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APPENDIX 1 

DETERMINATION OF ADIPOCYTE SIZE AND NUMBER 

REAGENTS 

0.154 M Nacl (0.9%)      126 grams/14 liters of water. 

50 mM Collidine-HCl buffer      6.59 ml/liter of water (use IN HCl to reach pH 7.1) 

Note: Mix 6.59 ml of Collidine (2,4,6 trimethypyridine) in 500 ml of distilled water. Using IN HCl adjust 
the pH of the solution to 7.1. Make up the solution to 1 liter with distilled water. 
Density 0.9191 Mol Wt 121.18 

3% OSMIUM in Collidine buffer 3 grams/ 100 ml Collidine buffer. (TOXIC - USE IN HOOD) (Wear 
double ploves) 
Note: Measure out 100 mis of Collidine buffer into a stainless steel container. Break the Osmium vials (1 
vial=l gram Osmium) carefully into the container and drop it into the buffer. Stir the contents with a 
stainless steel rod till the osmium is completely dissolved.(It takes a long time for the Osmium to dissolve!) 
Remove the glass vials carefully with the rod and drop it into a beaker containing 5% sodium bisulfite. 
Transfer the solution into a brown bottle and seal the edges with a tape. Store in ziploc bags under the 
hood.(WORK IN HOOD). 

8 M urea in 0.154 M NaCl     480.48 grams/ liter 0.154 M Nacl. 

Triton X-100 in water (0.01 %)     0.1ml / liter water (use IN KOH to reach pH 10) 

Triton X-100 in 0.154 M NaCl (0.01%)     0.1ml/ liter 0.154 M NaCl (use IN KOH to reach pH 10) 

PROCEDURE 
1. Slice (100 mg) tissues. Record exact weight of tissues. 

2. Rinse 3x with 37CC 0.154 M NaCl to remove free TG droplets. Tissue slices should be separated 
to allow for maximum saline absorption. Treat tissue gently, rinse more if necessary to eliminate free TG 
(it will become fixed and produce artifacts). In hood, remove saline with a Pasteur pipet or using a glass 
pipet and a pipet bulb. 

3. Add 3 ml of 50 mM Collidine-HCl buffer (37 0C) and 5 ml of 3% Osmium in Collidine buffer 
(370C). Place samples in 370C incubator or water bath for 96 hours. Note: After 96 hours slices 
completely disintegrate leaving fixed tissues at the bottom of the vial. Extreme care needed to remove 
osmium without losing cells. 

4. Remove osmium (TOXIC:dispose appropriately in a waste container**) and add about 15 ml of 
0.154 M NaCl. Leave at 37CC for 2 hours and swirl occasionally. Repeat 2x. Leave overnight at 370C. 
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5. Remove 3rd NaCl rinse and add about 10 ml of 8 M urea in NaCl. Swirl occasionally by hand 
every 2 hrs. Leave at 370C for 96 hrs. (Time dependent on dissolution of tissues. 48 hrs seems to be 
sufficient in most cases) 

6. Select different sizes of cells by filtering, first through a 250 um screen using 0.01 % Triton X-100 
in water to decrease adhesiveness. Next filter the cells onto a 10 /xm screen using 0.01 % Triton X-100 in 
water into a plastic beaker. Gently wash the cells off the 10 /xm screen into a 50 ml tube and suspend with 
0.01 % Triton X-100 in NaCl. 

7. Size in Coulter Counter in 1 % Isotron or 0.154 M NaCl. 

8. 1-2 ml of cells saved for microscopy with a couple drops of glutaraldehyde-paraformaldehyde 
(3.5 +1 %) in small labeled vials.   (OPTIONAL) 

** OSMIUM DISPOSAL PROCEDURE. 
Water solution should be poured slowly with thorough mixing into an excess of caustic solution (5% 
sodium bisulphite). Allow to stand for several hours. Clear fluid can be decanted and disposed of 
conveniently. Precipitate can be filtered and disposed of as a solid. [Can add the bisulphite (solid) directly 
to the waste osmium. No need to make a solution]. 
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APPENDIX 2 

DETERMINATION OF TOTAL LIPIDS AND FATTY ACID PROFILE OF DIET SAMPLES 

MATERIALS 
25*150 mm test tube with teflon-lined cap 
16*125 mm test tube with teflon-lined cap 
Displacement pipette 
Pasteur pipette 
Nj evaporator 
Vortex mixer 
Centrifuge for 16*125 mm test tube 
Heat block 
Oven 
Test tube shaker 

REAGENTS 
Internal standard (17:0 methyl ester) 
HPLC grade hexane 
HPLC grade iso-octane 
Sodium sulfate 
Boron trichloride in methanol 
Benzene 
95% alcohol 
HCl (25 HCl + 11 H20) 

PROCEDURE 

1. Sample preparation 
Grind sample by Wiley mill and pass through 20 mesh sieve.   Mix the sample thoroughly and store in 
freezer. 

2. Add internal standard 
Add 0.5 ml 10.119 mg/ml 17:0 methyl ester in a 25*150 mm test tube. Dry under N2 stream at 50oC. 

3. Acid hydrolysis 
Weigh 1 g sample and place in the 25*150 mm test tube. Add 1 ml 95% alcohol, cap the tube and mix 
on vortex mixer for 0.5 minute to moisten all particles to prevent lumping on addition of acid. Add 5 
ml HCl (25 HCl + 11 H20), mix on vortex again for 0.5 minute. Set test tube on 70-80oC heat block 
for 40 minutes. During heating, mix the sample every 10 minutes for 15 seconds on the vortex mixer. 
After heating, add 5 ml 95 % alcohol and cool under room temperature. 

4. Extraction 
Add 9 ml hexane and 6 ml distilled water (the ratio of hexane and water should be 1.5:1) in each 
sample. Mix on vortex mixer for 1 minute, extract 16-18 hours on the test tube shaker under room 
temperature. Centrifuge at 2500 RPM for 25 minutes. Remove the hexane layer into another 25*150 
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mm test tube by pasteur pipette. Re-extract the residue by 15 ml hexane-water (ratio of 1:1) on the test 
tube shaker for 1 hour. Centrifuge at 2500 RPM for 25 min. Remove the hexane portion and combine 
the two extracts in the 25*150 mm test tube. Evaporate the solvent under N2 stream at 50oC until dry. 
Resuspend lipid in 1 ml iso-octane. 

5. Total lipid determination 
Quantitatively transfer sample to a pre-weighed 5 ml volumetric flask, wash the test tube 3 times with 
iso-octane and bring to volume. With positive displacement pipette, remove 1 ml of sample to a 16*125 
mm test tube to be used for fatty acid determination. Put the flask under N2 flow until dry, and then 
dry it in oven at 750C overnight.  Weight to determine total lipid. The total lipid is then calculated as 
follows: 

LW (g) * 5/4 - ISW (g) 
Lipid % =    * 100 

SW(g) 

which  LW = lipid weight 
ISW = internal standard weight 
SW = sample weight 

6. Methylation of fatty acid preparation for GC analysis 

Place the 16*125 mm test tube under N2 flow at 50CC to 
evaporate iso-octane until dry. 

Promptly add 0.2 ml benzene and 1 ml of boron trichloride.  Gas tube with Nj and cap it tightly, place 
on 950C heat block for 90 minutes. 

Remove tube from heat block and cool to room temperature. 

Add 5 ml distilled water and 5 ml hexane to the tube and mix on vortex mixer for 2 minutes. 

Centrifuge the tube at 1500 RPM for 10 minutes.  Transfer the top hexane layer to a 16*125 mm test 
tube by using pasteur pipette. 

Add 5 ml hexane to the first tube and mix on vortex mixer again for 2 minutes. 

Centrifuge at 1500 RPM for 10 minutes. Remove hexane layer and combine it with the first extract. 

Add about 0.3 g NajSO,, to the combined extracts, mix on vortex mixer for 45 seconds. Transfer the 
extract into a clean 16*125 mm test tube. Evaporate under N2 at 50 C until dry. 

Reconstitute sample in 5ml of iso-octane, and now the sample is ready to be injected into GC. 

6.  GC injection 
Take 0.8/il iso-octane by using a lOfil micro syringe, and pull the syringe back at l/il. Take sample at 
the mark of 2/il (actually l/xl of sample) and inject into GC. 
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APPENDIX 3 

DETERMINATION OF TOTAL LIPID AND FATTY ACID PROFILE OF TISSUES 

MATERIALS 

25*150 mm test tube with teflon-lined caps 
16*125 mm test tube with teflon-lined caps 
Displacement pipette 
Pasteur pipettes 
N2 evaporator 
Water aspirator 
Repipettors 
Test tube shaker 
Polytron homogenizer 
Vortex mixer 
Kitchen blender 
Centrifuge for 25*150 mm test tube 
Centrifuge for 16*125 mm test tube 
950C heat block 
Preweighed 5 ml volumetric flask 

REAGENTS 
Internal standard (10.784 mg/ml 17:0 methyl ester, or 15.46 mg/ml 23:0 made up in iso-octane) 
Liquid N2 

HPLC grade hexane 
HPLC grade methanoi 
HPLC grade chloroform 
HPLC grade iso-octane (2,2,4-trimethylpentane) 
BHT (Butylated Hydroxytoluene) 
Sodium sulfate 
Boron trichloride in methanoi 
Benzene 

PROCEDURE 

1. Preparation of reagents 
Mix one part chloroform with 2 parts methanoi and add 50 mg BHT per liter. Place this mixture in a 
repipettor calibrated for 6.84 ml delivery. Chloroform and distilled water are placed in another 2 
repipettors calibrated for 6.84 ml delivery. 

2. Preparation of samples 
Tissue was frozen in liquid nitrogen and stored in -70° freezer. 
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3. Extraction 
If an internal standard is going to be used for fatty acid profile, it should be added to the tube prior to 
extraction. For beef steak, chicken breast, safflower oil and beef tallow, 17:0 methyl ester has been 
used at the level of 5.0 mg/1.5 g meat sample and 10.0 mg/0.2g fat sample; For fish oil, use 23:0 at 
the level of 0.1 mg/mg sample. For fish oil treated fat tissues, 0.5ml 23:0 was used and for com oil 
treated fat tissues, 0.5ml 17:0 was used (23:0 and 17:0 with the above mentioned concentration was 
used). Add internal standard to a 25*150 mm test tube and evaporate under N2 in a 50oC H20 bath. 
Cap tube when dried and is now ready to add sample to tube. 

Weigh tissue into 25*150 mm test tube by using an analytical balance. 1.5 to 2.0 g of muscle and 0.2 g 
of fat are used for each sample. Place tube in ice bucket. 

Add distilled water into the tube. Amount calculated to give the ratio of chloroform : methanol : water 
= 1:2:0.8, the moisture content of sample should be taken into account (5.5ml for fat and 4.5ml for 
muscle, if the tissue weight is within the range mentioned above). 

Homogenize the sample with polytron homogenizer. Do not let sample become warm. 

Add 6.84 ml 2:1 mixture of methanol and chloroform and homogenize again. Place sample on ice 
bucket. Rinse the homogenizer twice with 6.84 ml of 2:1 methanol-chloroform, combine rinses with 
sample on ice. Cap tube, invert and vent tube. System should be monophasic with ratio of 
methanol:chloroform:water = 2:1:0.8. 

Place tube on test tube shaker and let extract for at least one hour. After extraction, tube can sit 
overnight, but should be refrigerated. 

Add 6.84 ml of chloroform and 6.84 ml distilled H20 to tube.  This will cause a phase separation. 

Centrifuge the tube at 2500 RPM for 25 min. The tissue forms a boundary between the methanol-water 
layer and the chloroform layer. 

Using H2O aspirator, remove the top methanol-water layer. With a clean pasteur pipette carefully 
remove the bottom chloroform layer containing the lipid to a 16*125 mm test tube. 

Place the tube in a 50oC water bath and evaporate chloroform under Nj. Resuspend lipid in 1 ml iso- 
octane. The sample can be used to determine both total lipid and fatty acids. 

4. Total lipid determination 

Quantitatively transfer sample to preweighed 5 ml volumetric flask. Rinse test tube 3 times with iso- 
octane and bring to volume. With positive displacement pipette remove 1 ml sample to a 16*125 mm 
test tube to be used for fatty acid determination. Evaporate iso-octane from 5 ml volumetric flask, then 
dry in oven (750C) overnight, and weigh to determine total lipids. The total lipid is calculated as given 
below: 

LW (g) * 5/4 - ISW (g) 
Lipid % =  *100 

SW(g) 

where, LW = lipid weight 
ISW = internal standard weight 
SW = sample weight 
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5. Methylation 

Evaporate iso-octane from the tube under Nj in 50oC water bath. 

Promptly add 0.2 ml benzene and 1 ml of boron trichloride.  Gas tube with N2, and cap tightly. Place 
tube in 950C heat block for 90 min. 

Remove tube from heat block and cool to room temperature.   Add Sml distilled water and 5 ml hexane 
to the tube and mix 2 min on vortex mixer. 

Centrifuge tube at 1500 RPM for 10 min. Transfer the top hexane layer with a pasteur pipette to 
another 16*125 mm test tube. 

Add 5 ml hexane to first tube and mix again for 2 min. 

Centrifuge at 1500 RPM for 10 min. Remove hexane layer and combine it with first hexane layer. 

Add about 0.3 g Na2S04 to the combined extracts and mix for 45 sec. 

Transfer the extract to a clean 16*125 mm test tube and evaporate hexane under N2 in a 50oC water 
bath until dry.   Reconstitute sample in 1 ml of iso-octane. Sample now is ready to be injected into GC. 

6. Determination of fatty acid by GC analysis 

Take 1 fil of the sample and inject into GC. For the standard graphs (peaks), 1 /xl of COMP29 and 3 /tl 
of PUFA2 were also injected. 
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APPENDIX 4 

LIPOPROTEIN LIPASE ASSAY 

MATERIALS AND EQUIPMENT 

Tekmar Sonic Dismptor with a 2 mm probe (set at output control=40) 
Recording Spectrophotometer 
Eppendorf centrifuge or refrigerated high speed centrifuge 
Polytron with small generator [big one can also be used] 
Shaking water bath at 37° C 
Pipettors (20, 100, 200, and 1000^1) 
Eppendorf repeating pipettor 
Small volume disposable cuvets (UV-grade) 
12x75 mm polypropylene tubes or Eppendorf centrifuge tubes 
Glass tubes (12x75 mm, 15x85 mm) 
Scalable vials (for reagent solutions) 
Ice in plastic dishpan 
Nitrogen tank and regulator 
Disposable 1 ml syringes and needles for solutions 

CHEMICALS (from Sigma, unless otherwise noted) 

Triolein (T7140), Lecithin (phosphatidyl choline) (P2772), Oleic acid (03879), Tris base (T1503), 
Triton X-100 (T6878), NaEDTA.2H20 (ED2SS), Coenzyme A (C3144), ATP (A5394), Phosphoenol 
pyruvate (P7252), NADH (340-110), Myokinase (M3003), Pyruvate kinase (P1506), Lactic 
dehydrogenase (L2500), Bovine serum albumin (A4378), Acyl Co A synthetase (Boeringer Mannheim 
1002 406), Serum from fasted rats (collected and treated locally), and the following reagent grade 
chemicals from various distributors: NaOH, Hydrochloric acid, MgC12.2H20, NaCl, Sucrose, 
Heptane. 

SOLUTIONS 

Stock solutions 

1. Triolein stock (MW 885.40) 50 mg/ml 
Dissolve Ig triolein (in sealed ampule) in 20 ml heptane. Aliquot, gas with nitrogen and store in freezer 
at -20° C. 

2. Lecithin (phosphatidyl choline) (approximately MW 760) 10 mg/ml 
Use from bottle; transfer to a microfiige tube so that amount needed can be removed. Put remainder 
back in original container and store at -20° C. 

3. Oleic acid stock (MW 282.45) 100 /ig/jtl 
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Dilute Ig vial with 10 ml heptane to yield a 354 nMole/^il solution. Aliquot, gas with nitrogen and 
store in freezer at -20° C. 

4. Serum (Source of APO CII activator). Both species and individual animals may vary in content 
of activator. Always use more than one animal. Guinea pig serum is very low in APO CII. Rat, calf, 
or pig should be fasted 12 hrs, blood collected and allowed to stand at RT 1 hr before centrifuging at 
lOOOxg for 10 min. Serum should be incubated at 62° C for 10 min (Nilsson-Ehle and Schotz, 1976) or 
56° C for 30 min (Iverius and Ostlund-Lindquist, 1986) to inactivate endogenous lipases. Serum should 
be aliquoted into 1 ml portions and frozen at -20° upto 1 year. Only thaw once. 

5. Tris HCl buffer, .2M, pH 8.0, 100 ml 
Dissolve 2.42 g Tris base in 90 ml DD water. Adjust pH to 8.0 at 37° C with concentrated HCl 
(approx .96 ml). Adjust volume to 100 ml with DD water. 

6. Tris HCl buffer, .2M, pH 8.6, 100 ml 
Dissolve 2.42 g Tris base in 90 ml DD water. Adjust pH to 8.6 at 37° C with concentrated HCl. 
Adjust volume to 100 ml with DD water. 

7. Tris HCl buffer, .2M, pH 7.5, 100 ml 
Dissolve 2.42 g Tris base in 90 ml DD water. Adjust pH to 7.5 at RT with concentrated HCl (approx 
1.3 ml). Adjust volume to 100 ml with DD water. 

8. .3 M MgC12. 6H20 (FW 203.3) 
Dissolve 6.1 g in DD water and bring volume to 100 ml. 

9. 10% Triton X-100 
Dilute 1 ml Triton X-100 to 10 ml with DD water. 

10. .02 M EDTA (MW 372.2) 
Dissolve .74 g Na EDTA.2H20/ 100 ml in DD water. Add 1-2 drops of .IN NaOH to aid in 
solubilizing. 

11. Acyl CoA synthetase solution 
Dissolve 2 units in 2 ml .2M Tris HCl buffer, pH 7.5. Aliquot and freeze at -20° C. For use, keep on 
ice or refrigerator and use within 1 day (use 4^1/tube). Recently the 4^1 aliquot has been diluted to 0.1 
ml with solution #17 on day of use. 

12. 5N NaOH 100 ml 
20 g NaOH/100 ml solution 

13. 5N HCl 100 ml 
41.5 ml concentrated HCl diluted to 100 ml. 

14. Homogenization Buffer (100 ml) 
.25 M sucrose 8.56 g 
.02 M EDTA.2Na           5 ml 
DD water                         85 ml 

Adjust to pH 7.4 with .1 N HCl or .1 N NaOH. Adjust to 100 ml with DD water. 
This can be prepared ahead and refrigerated for a limited     time. Frozen storage may be better for 
longer times. Heparin is a frequent addition to LPL assay homogenization buffers but according to 
because its effect is unpredictable, it has no place in standard LPL buffers. 
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15. Some type of standard tissue suspension to provide continuity from day to day. e.g., Store rat 
inguinal or adipose at -70° C and break off frozen portion for fresh daily suspension (see sample 
preparation). Serum might work here. 

16. Cascade buffer premix. Refrigerate indefinitely. 
.2 M tris, pH 8 61.48 ml 
.3 M MgC12 4.4 ml 
10% Triton X-100 1.8 ml 
.02 M EDTA 4.4 ml 
DD water 84.2 ml 

17. Cascade/acyl CoA synthetase diluent (also used to dilute cascade buffer 50% in most recent 
trials). 
.2M Tris, pH 8 36 ml 
DD water 49 ml 

18. BSA solution (322 mg BSA in 10 ml .2 M Tris pH 8.0 at 370C). Aliquot and freeze. 

WORKING SOLUTIONS: (Prepare on day of assay). 

1. Emulsion Preparation 

Triolein (14 mg) 0.28 ml 
Lecithin (1.8mg) 18.6^1 
Tris pH 8.6 (0.2M)  1.64 ml 

Place in 12*75mm tube. First evaporate the triolein and lecithin under nitrogen, and then add 
tris pH 8.6. Earlier the emulsion was emulsified in a polytron set at 7 for 5 minutes, using a small 
head, but recently sonicating the emulsion has been found to produce a good emulsion, and also the 
sonication of the emulsion makes it very specific to LPL. Sonicate the emulsion for 4 min, with an 
output control set at 40. 

After sonicating, add .36 ml BSA solution. Vortex. 

2. Substrate preparation (In 15x85 mm tube) 

2ml emulsion (from 1) 
0.5 ml rat serum (serum from several rats, mixed) 

Vortex vigorously and frequently to dissolve. 

3. Oleic acid substrate. 

Add 5.42/xl oleic acid solution to 12*75mm tube. 
Evaporate solvents under nitrogen. 
Add 0.5ml substrate (from 2) 
Vortex vigorously. 
Dispense according to standard curve directions (Vortex in between dispensing for uniformity) 
Do standards in duplicate. (5 * 2 = 10 tubes) 



112 

4. Triolein substrate. 

Substrate from 2, without further additions. 
Vortex vigorously. 
Dispense 40/tl per microfuge tube (4 tubes per sample). 
Vortex between dispensing. 

STANDARD CURVE 

Oleic Acid Triolein Sucrose 5NHC1 5N NaOH CONC 
substrate 0*1) buffer (MO (MO nM/ 

w (Ml) 62.5 

Ml 

Al -0 40 40 20 20 0 
A2-0 40 40 20 20 0 
Bl - 10 30 40 20 20 20 
B2- 10 30 40 20 20 20 
Cl-20 20 40 20 20 40 
C2-20 20 40 20 20 40 
Dl-30 10 40 20 20 60 
D2-30 10 40 20 20 60 
El -40 0 40 20 20 80 
E2-40 0 40 20 20 80 

After dispensing into 1.7ml microfuge tubes, preincubate all media in shaking water bath at 
370C for 30 min. 

Remove the standard tubes and add 40/xl sucrose buffer. Add 20/^1 5N HCl, vortex. Wait one 
minute. Add 20^1 5N NaOH, vortex. 
Place on ice in dark. 

Place the sample tubes (which was preincubated also in ice, in dark) 

5. Sample preparation. 
(While preincubating the media, samples can be prepared). 

Weigh out 0.2g adipose tissue and add 0.8ml sucrose buffer (4 times sample weight). 
Polytron 25sec at setting of 7 on ice in 12*75mm tube with small generator. 
Transfer to microfuge tubes and centrifuge lOmin (« 15,850G -> rpm depends on type of rotor and 
centrifuge) at 40C. 
Collect infranatant layer. Recentrifuge if any fat is present. 

[Between samples, rinse the polytron 4 times with distilled water] 
[For final rinsing of polytron, follow the above step and in addition, rinse 3 times with 100% 

ethanol, 2Ssec each time] 
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Collect the infranatant, this is the sample. Keep record of the mis of infranatant obtained and 
the amount of tissue used. 
[Do protein assay on this sample - can freeze the sample and analyze protein at a later date.] 

6. Incubation, (sample) 

TO tubes (Blanks)- no incubation. 
Add 40/xl sample infranatant to each sample tube and place on ice. 
Add 20/tl 5N HC1, vortex, wait 1 min (at RT) 
Add 20/il 5N NaOH, vortex. 
Place on ice. 

T60 tubes (60 min incubation) 
Add 40/xl sample infranatant to the sample tubes. 
Place in shaking water bath for 60 min (370C). 
Remove, place on ice. 
Add quickly 20/tl 5N HC1, vortex, wait Imin (RT) 
Add 20/xl 5N NaOH. 
Vortex, ice. 

At this stage, all tubes have acid and base added and placed on ice. [Standards and TO placed 
on ice first, T60 are incubated and then placed on ice] 

7. Prepare Cascade buffer during 60min incubation. 

CASCADE BUFFER 

88 replicates (mis) 

Cascade buffer premix 43.5 
Solution #17 44.0 
Myokinase (4998 U/ml) 0.237 
Pyruvate kinase (1950 U/ml) 0.374 
LDH (9900 U/ml) 0.067 
ATP 97.1 mg 
PEP 189.8 mg 
NADH 7.3 mg 
CoA 18.1 mg 

Mix all ingredients together immediately before use and hold on ice in dark. 
(Actually appears that this buffer is OK for several days in refrigerator) 

8. Make diluted CoA synthetase solution (4 fi\ in 0.1 ml diluent/cuvet) 

9. Place 62.5/il each sample/standard in a plastic cuvet in styrofoam cuvet box. 

10. Forcefully add 1.0ml cascade buffer (from 7) with repeating pipettor, allow solution to clear. This 
usually happens in the time it takes to add buffer to 50 samples. 
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11. Read initial OD at 340 nm (This is a type of back-up reading). 

12. Add 0.1 ml diluted acyl CoA synthetase and mix in pipettor quickly but gently and read starting 
OD. 

13. Incubate at RT in dark for 60 min. 

14. Read final OD. 

15. Calculate the change in OD between the T60 and TO. For the samples substract this from the 
change in OD between T60 anf TO for blanks. (NOTE:  a reduction in OD is expected over the 60 min 
incubation). 

16. Express data on a basis of nmoles oleic acid fonned/mg tissue/hr or as nmoles oleic acid/mg 
protein/min. 
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APPENDIX 5 

DYE BINDING ASSAY FOR PROTEIN MEASUREMENT 

REAGENTS 

SOLUTION A: Dissolve 100 mg Coomassie Blue dye in 50 ml 95 % ethanol (use beaker and stirring 
bar; add dye powder to ethanol while stirring; expect some undissolved dye residue to remain). 

SOLUTION B: Mix 50 ml dye solution A with 100 ml undiluted 85% reagent grade phosphoric acid. 
This is solution B. Store solution B in refrigerator until needed. 

SOLUTION C: To prepare working reagent (solution C), dilute 15 ml dye solution B to 100 ml with 
distilled water and filter through Whatman #1 filter paper. 

BSA STOCK SOLUTION (1000 /*g/ml): Weigh 25 mg of BSA, dissolve in 25 ml of distilled water. 
Make aliquots in microcentrifuge tubes. Store in freezer. 

PROCEDURE 

a. Prepare an appropriate protein standard (BSA) containing 1 mg protein/ml. From this stock 
solution prepare a series of solutions containing 0, 0.25, 0.5, 0.75, and 1.0 mg protein/ml. 

b. Place 0.07 ml each solution in 4.5 ml disposable cuvettes (do in duplicate). Add 3.5 ml 
solution C. Read at 595 nm vs blank after inversion by covering with parafilm. 

c. Sample determination: Place 0.007 ml of sample homogenate in 4.5 ml disposable cuvette, add 
0.063 ml distilled water and 3.5 ml solution C. Read immediately at 595 nm vs blank. 

d. Find the sample concentrations from the standard curve and multiply by 10 to get the protein 
concentration. 
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APPENDIX 6 

THIOBARBITURIC ACID REACTIVE SUBSTANCES (TEARS) ASSAY 

Reagents 

8.1% Sodium dodecyl sulphate (SDS) 
20% Acetic acid (adjusted to pH 3.5 with NaOH) 
0.8% Aqueous Thiobarbituric acid (TBA) 
Butylated hydroxy toluene (BHT) 
Tetraethoxy propane (TEP) 
n-Butanol and Pyridine mixture (15:1, v/v) 

Method 

To samples less than 0.2ml of urine or 10% (w/v) tissue homogenate, add 0.2ml of SDS, 1.5ml of 
acetic acid, O.lml of BHT, and 1.5ml of TBA. Make up the mixture to 4.3ml with distilled water. Heat 
in a water bath at 950C for 60min using a glass ball as a condenser. Cool with tap water. Add 0.7ml of 
distilled water and 5.0 ml of the mixture of n-butanol and pyridine. Shake vigorously (vortex). 
Centrifuge at 4000 rpm for lOmin. Remove the organic layer (upper layer) and measure absorbance at 
532 nm. 

For the standards, place 0, 0.2, 0.4, 0.6, 0.8, 1.0 ml TEP working solution (lxl&5) in 6 centrifuge 
tubes, respectively. Add the reagents, boil, and extract with n-butanol and pyridine, exactly as done 
with the samples. For the standards the upper butanol layer is moved to a 10ml volumetric flask and 
the volume brought to lOmls with the butanol-pyridine mixture. The final concentration of TEP in the 
above 10 ml standard (butanol layer) correspond to 0, 2.0, 4.0, 6.0, 8.0, and lO.OxlO"7 mol/L) 
respectively. 

A standard curve is plotted and the concentration of the samples is calculated from the standard curve. 

Urinary TEARS is expressed as /imol/mmol creatinine and Tissue TEARS is expressed as nmol/mg 
protein. 



117 

APPENDIX 7 

MEASUREMENT OF CREATININE IN URINE 

Sample  24-hour urine specimen. 

Equipment B and L Spectronic 20, set at 520 nm. 

Reagents 

1. Hydrochloric acid, 0.1 N. 
2. Sodium hydroxide, 15% (w/v). 
3. Picric acid, saturated solution. Dilute 24 g of picric acid to 2 liters. Place flask in a pan of hot water 
to dissolve more picric acid. Allow the saturated solution to cool to room temperature and remove the 
undissolved picric acid by filtering through a Buchner funnel. Store in an amber bottle. 
Creatinine standard (1 ml= 1 mg). Dissolve and dilute 200 mg of creatinine to 200 ml with 0.1 N HC1. 
Store in refrigerator. 

Procedure 

1. Place 1/2 ml of urine in a 100 ml volumetric flask. Add 1/2 ml of water. For a reagent blank, place 
1 ml of water in another 100 ml volumetric flask. 

2. To each flask add 20 ml of picric acid solution, followed by 1 ml of 15% NaOH solution. 

3. Mix thoroughly and allow to stand for 15 minutes. 

4. Dilute to the mark with water and mix by inverting the flask several times. 

5a. Adjust the Spectronic 20 to zero absorbance with the reagent blank. Record absorbance of 
unknown. 

5b. Adjust the Spectronic 20 to zero absorbance with water. Record absorbance of reagent blank and 
unknown. To obtain the corrected reading, subtract the reading of the reagent blank from the reading of 
the unknown. 

6. Determine the concentration of unknown from the calibration curve. 

Calibration 

1. Into a series of 4 25-ml volumetric flasks, place 5, 10, 15, and 20 ml of creatinine standard, 
respectively. Dilute to mark with 0.1 N HC1 and mix by inversion. 

2. Introduce 1 ml of each diluted standard from step 1 into a series of 4 100-ml volumetric flasks, 
respectively. Prepare a fifth standard by introducing 1 ml of creatinine standard (1 ml= 1 mg) into a 
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100-ml volumetric flask. These 5 standards represent concentrations of creatinine equivalent to 0.20, 
0.40, 0.60, 0.80, and 1.00 mg per ml of urine, respectively. Prepare a reagent blank by placing 1 ml 
of water in a 100-ml volumetric flask. 

3. Follow steps 2-5a or 5b inclusive, exactly as given under "Procedure for Urine". 

4. Plot absorbance (ordinate) against concentration (abscissa). Draw a smooth curve to include all 
points. 

5. From the absorbance of the unknown, the concentration of the unknown is read directly from the 
calibration curve. If 0.5 ml of urine was used, multiply by 2 to obtain the   concentration of creatinine 
in 1 ml. To find total amount of creatinine in 24-hour urine specimen, multiply mg creatinine per ml of 
urine by total volume of urine in ml. 
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APPENDIX 8 

Effect of Dietary Oil and MEKP Treatment on the Adipocyte Size Distnbution 
in Retroperitoneal Fat Pad (% of Total Adipocytes).1 

Diameter CO FO p-values2 

-MEKP3 +MEKP4 -MEKP +MEKP O5 T* 0*T 

20 /xm 8.6±1.3 7.0±0.6 15.8±1.8 10.4±2.5 0.002 NS NS 

30 /xm 12.2±1.2 12.8±1.4 16.8±1.1 13.0±1.5 0.02 NS NS 

40  jtm 15.7±1.0 15.9±2.0 18.1±1.3 20.5 ±4.7 NS NS NS 

50 urn 17.8±1.7 19.9±1.6 17.8±1.4 22.7±2.8 NS NS NS 

60 /xm 18.5±1.1 18.3±1.3 17.6±0.6 19.6±2.0 NS NS NS 

70 /xm 13.4±1.2 13.7±0.5 10.1±0.8 9.7±2.3 0.01 NS NS 

80 /xm 9.0±1.0 7.6±1.2 3.6±0.4 4.5±0.9 0.0001 NS NS 

90 /xm 5.5±0.5 3.9±1.0 1.8±0.0 2.5±0.0 0.05 NS NS 

1 Values are mean ± SEM. 
2 NS = Not Significant at p < 0.05. 
3 -MEKP = No MEKP injection. 
4 +MEKP = With MEKP injection. 
5 O = Effect of dietary oil. 
6 T = Effect of MEKP treatment. 
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APPENDIX 9 

Effect of Dietary Oil on the Adipocyte Size Distribution 
in Subcutaneous Fat Pad (% of Total Adipocytes).1 

Diameter CO FO p-values2 

20 jtm 7.5±0.7 17.5±2.1 0.001 

30 fim 12.4±1.0 11.8±0.8 NS 

40 fim 12.9±0.7 13.9±1.0 NS 

50 fim 18.5±1.1 17.7±1.3 NS 

60 fim 20.4±0.5 18.1±1.0 0.05 

70 /im 14.6±0.7 12.6±1.2 NS 

80  jim 8.9±0.4 6.1 ±0.6 0.002 

90 ^im 4.5±0.4 3.7±0.4 NS 

1 Values are mean ± SEM. 
2 NS = Not Significant at p < 0.05. 


