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Biosynthesis of 2-series Eicosanoids Influenced
by Animal Fat Intake in Healthy Men

Duo Li', Raymundo Habito?*3, George Angelos2 , Andrew J Sinclair* and Madeleine ] Ball?
"Department of Food Science, Hangzhou University of Commerce, Hangzhou, China.
?Department of Biomedical Science, University of Tasmania, TAS, Australia.
3Institute of Human Nutrition and Food, University of the Philippines Los Bafios, Philippines.
“Department of Food Science, RMIT University, Melbourne, VIC, Australia.

Abstract In the present study we investigated the effect of dietary saturated fat (SFA) from animal sources on the urine ex-
cretion 11-dehydro thromboxane B,(TXB,) and 6-keto prostaglandin F 1a (PGF 1a in 27 healthy aged 30 to 55 years free-living male
subjects. Each volunteer was randomly assigned to one of the two diets (high fat (HF) and low fat (LF)) for a period of 4 weeks,
after which each subject resumed his usual diet for 2 weeks as a ‘ wash-out period” , before being assigned to the other diet for a fur-
ther 4 weeks. Serum proportion of 20:4n-6 was 5% lower in the HF (6.2% of total fatty acid) than in the LF diet (6.5% of total
fatty acid) , which was associated with a significantly decreased ratio of the urinary excretion 11-dehydro TXB, to 6-keto PGF 1a (p
<0.05). However, there was no significant fall in the absolute urinary excretion of 11-dehydro TXB,. Diet rich in SFA from animal

sources may influence TXA, formation via effect on tissue proportion of 20:4n-6.

HYIBERFRMAGE 2 - BRI Z+IREREDE R

* %
(Raymundo Habito George Angelos Andrew J Sinclair and Madeleine J Ball
MMEFEA R ¥EZ Email: duoli@ mail. hzic. edu. au)

W OE fEAURE P, AT R Y 3h Yt FE T BR PR ¥ BL 11-dehydro thromboxane B, (TXB,) il 6-keto
prostaglandin F 1a (PGF 1a)7E 27 LIS TE 30 2 55 Z[H] (@5 F a0kt AT T 0F5 . BN TR R JEH (2 B LR A
NG i 7 K B P2 DU ], 8 A B PR S A AT By > B AR B W A o R, PO IO A Y 5 — R R R I AE
A= O R A b A5 7E 88 i A K o EETE AR K B IR 5% , 31X 5 BETFIRAY IR 11-dehydro TXB, 5 6-keto PGF 1a tb
FRARERA o (ER PRI 11-dehydro TXB, 48X B B W EWER . PR P Sh R 16 0 i oy 82 T B3 aod % i 4
ST A VO AR TR ) 5 2 T 2 ) LA e 0 T2

myocardial infarction or sudden cardiac death. The

1 Introduction thrombi formation is initialed by platelet aggregation.
The ratio of thromboxane A,/prostacyclin I ( TXAy/
Thrombus formation may be an integral part of the PGl,) plays a critical role in platelet aggregation (Mon-

atherosclerosis and the acute event, which leads to a cada and Vane 1979). TXA, and PGI, are biosynthe-
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sized from arachidonic acid (AA) through the cyclooxy-
genase pathway in the platelet membrane and arterial en-
dothelial cells, respectively ( Hamberg et al. 1975,
Moncada et al 1979) . Any factors which affect the bal-
ance of TXA,/PGl; in favour of PGl should reduce the
risk of thrombosis, whereas factors altering the balance
in favour of TXA, should increase thrombosis tendency.
Evidence from dietary intervention studies have found
that the ratio of TXA,;/PGl, was decreased by marine
omega-3 polyunsaturated fatty acid (n-3 PUFA) in hu-
mans (von Schacky et al 1985, Ferretti et al 1998) and
in animals ( Abeywardena et al 1991, Ikeda et al
1998), and by plant n-3 PUFA alpha-linolenic acid in
both humans ( Bjerve et al 1987) and animals ( Budows-
ki et al 1980, Lee et al 1988) . A recent study by Kelly
et al (2001) reported that diet enriched in 16:0 resulted
in an increased ex vivo collegan and ADP induced whole
blood platelet aggregation when compared with 18:0 en-
riched diet. However, there is no data on the relation
between dietary saturated fat from animal sources and the
biosynthesis of TXA, and PGI, in the literature. The aim
of the present study was to investigate the effect of die
tary saturated fat from animal sources on urine stable
metabolites of TXA, and PGl,, 11-dehydro thromboxane
B,(TXB,) and 6-keto prostaglandin F la (PGF la)
(Campbell 1990) .

2 Methods and Materials

Subjects and study design : The study protocol was
approved by Deakin University Ethics Committee, and
an informed written consent was obtained from each vol-
unteer. Thirty-three healthy, free-living male omnivo-
rous aged 30 to 55 years were recruited through newspa-
per advertisements. Exclusion criteria for this study
were: individuals with symptoms or prior diagnosis of
cardiovascular, renal disease, diabetes, or other chronic
diseases, who are on long-term medications, athletes
who train regularly for competitive sports and alcohol
consumption exceeded 10 percent of daily energy intake.

Prior to commencement, participants were given
detailed instructions on the diets to be consumed, and

on how to accurately accomplish a weighed food record.

Each subject was provided with a calibrated digital
weighing scale (accurate to 1 gram), together with stan-
dard household measuring devices such as cups and
spoons. Each volunteer was asked to complete a 4-day
weighed diet record, including 2 weekend days, on their
usual diets. The results of the initial weighed food
record were used to calculate the daily energy allowance
for each individual. The habitual diet and usual food
choices of each individual were also considered in the
planning of the diets to enhance compliance. The diets
in this study were carefully calculated and planned by a
dietitian.

A randomized crossover design was used to compare
the effects of two diets. Each volunteer was randomly as-
signed to one of the two diets for a period of 4 weeks,
after which each subject resumed his usual diet for 2
weeks as a ‘wash-out period” , before being assigned to
the other diet for a further 4 weeks. The two diets were
designed to provide similar amounts of energy, protein,
dietary fiber, and alcohol, differing only in the amount
of fat. The high fat (HF) diet was designed to provide
10% ~ 15% more energy from animal fat compared to
the low fat (LF) diet. The HF diet provided approxi-
mately 42% ~ 45% of energy from fat (22% ~ 25%
saturated fat) from full fat dairy products, and specially
prepared biscuits containing lard. Butter, margarine,
and the lard-containing biscuits were provided free to
each subject. The LF diet provided approximately 22%
~25% of energy from fat (8% from saturated fat) , and
included low fat milk, cheese, yogurt, and monounsatu-
rated margarire. The two diets were made isoenergetic
by providing a greater amount of carbohydrate (55% ~
60% of total daily energy) during the LF diet in the
form of refined cereals, white bread, pasta, and sugar-
containing beverages.

Both diets included 130 grams (raw weight) of very
lean red meat each day, with a choice of beef or lamb.
All meat consumed in the study was purchased from a
single source (Top Cut Food Industries Pty., Lid.,
Melbourne, Australia). The portion sizes of meat were
pre-weighed and individually packed, and provided free
of charge to each subject. Meals were prepared by the
subjects and consumed at home. In addition to the di-
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etary instructions, subjects were also asked to keep their
physical activity pattern as similar as possible during the
two diets. The subjects were contacted weekly during the
study to monitor compliance and to provide dietary coun-
seling. On the last week of each diet, subjects were in-
structed to accomplish a 7-day weighed diet record. All
diet records were analyzed using FoodWorks version 1.2
(Xyris Software Pty. Ltd., Highgate Hill, Queensland,
Australia), a dietary analysis software with nutrient
composition data of Australian foods ( Composition of
food, National Food Authority, Australia, 1995).

The height and weight of each subject was mea-
sured at the commencement of the study and after each
diet period, and the body mass index (BMI) was calcu-
lated. Venous blood samples were collected into plain
vacutainer tubes for the collection of serum, prior to the
study and on two occasions three days apart at the end of
each diet. Blood samples were collected after an
overnight fast between 07.00 h and 09.30 h. Blood
samples were stored at-80°C for later analysis.

Serum fatty acids : Serum lipids from 12 randomly
selected subjects were extracted by chloroform: methanol
(1:1, v/v) containing 10mg/L of butylated hydroxy-
toluene (Labco, VIC Australia), and 10 mg/L of C17;
0 triacylglycerol ( triheptadecanoin). Methyl esters of
fatty acids of serum lipids were prepared by saponifica-
tion using 0.68 mol/L KOH in methanol followed by
transesterification with 14% BF3 in methanol. Methyl
esters of fatty acids were separated by gas chromatogra-
phy as described by Sinclair et al. (1987).

Urine concentrations of 11-dehydro thromboxane B,
and 6-keto prostaglandin F 1a: Twenty-seven subjects
collected their 24-hour urine on the last day of each of
the diets. The samples were stored at-20°C for later
analysis. The concentrations of 11-dehydro TXB2 and 6-
keto prostaglandin F la in the urine was determined by
using an enzyme immunoassay (EIA) method with com-
mercially available EIA kits (Cayman Chemical Compa-
ny, MI, USA) as described elsewhere (Pradelles et al ,
1985) .

Statistical analyses: All data were performed using
the Statistical Package for the Social Sciences version
8.0 (SPSS Inc. Chicago, IL, USA). The General Lin-

ear Model (GLM) was used to compare the results at the
end of the two diet periods, taking carry-over effects into
consideration (Fleiss, 1986). The values were reported
as mean + SD in all the results tables. P values were

two-sides, and <0.05 was considered as significant.

3  Results

Thirty-three subjects enrolled in the study, mean
age of 41.2 + 7.8 years and mean BMI of 26.5 + 3.0
kg/m” at baseline. However, only 27 subjects were in-
cluded in the final results because six subjects did not
collect urine at the end of both dietary periods. The
mean daily intakes of total fat, saturated fatty acid
(SFA), monounsaturated fatty acid (MUFA) expressed
as gram and percentage of total energy, and cholesterol
were significantly higher in the HF than in the LF dietary
period (p <0.01). Compared with HF, mean daily in-
takes of carbohydrate and the ratio of PUFA to SFA were
significantly higher in the LF dietary period (Table 1).

Serum proportion (% of total fatty acid) of total
SFA, total n-6 PUFA, 14:0, 18:0, 20:0 and 18:1
were significantly higher, and 18:3n-3, 22:5n-3, total
n-3 and the ratio of n-3 to n-6 were significantly lower
on the HF than on the LF dietary period (p < 0.05).
Serum proportion of 20: 4n-6 was higher on the LF
(6.5% of total fatty acid) than on the LF diet (6.2%
of total fatty acid) (p=0.06) (Table 2). Serum con-
centrations of total and LDL cholesterol were significantly
higher on the HF diet compared with on the LF diet.
There was no significant difference in serum HDL
cholesterol and triacylglycerol concentrations between two
diets.

The concentrations of daily urine excretion of 11-
dehydro thromboxane B, and 6-keto prostaglandin F 1«
are reported in Figure 1 and 2. Mean daily urine excre-
tion of 11-dehydro thromboxane B2 were 903 + 65 ng/
day and 1007 + 63 ng/day, 6-keto prostaglandin F la
were 377 + 37 ng/day and 360 + 32 ng/day for the HF
and LF diet, respectively. Ratio of 11-dehydro TAB2 to
6-keto PGF la in urine was significantly lower in the HF
(2.7+0.2) than in the LF dietary period (3.1 +0.3)
(Figure 2) .
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4 Discusion

Effect of n-3 and n-6 PUFA on thromboxane A, and
prostacyclin I, has been well documented in both the hu-
man and animal studies. However, there is no data on
the effects of the diet high in saturated fat from animal
sources on the ratio of urine stable metabolites of TXA,/
PG, in literature. We have measured fatty acid compo-
sition in serum as a marker of dietary individual fatty
acid intake, since a comprehensive database on the indi-
vidual fatty acid content of foods is not available in Aus-
tralia. In the present study, high animal fat diet results
in a decreased proportion of 20:4n-6 by 5% in serum
(p=0.06), which is associated with a 10% decreased
1-dehydro TXB,(p =0.09) and 13% decreased ratio of
urine excretion of 11-dehydro TXB, to 6-keto PGF la
compared with the LF diet (p=0.03).

TXA, and PGI2 are biosynthesized from arachidonic
acid by the cyclooxygenase pathway. TXA, is formed in
platelets and it is a potent cellular regulatory agent with
strong platelet-aggregating activity ( Hamberg et al.
1975), and it is also a potent vasoconstrictor ( Bhagwat
et al. 1985). TXA, can be broken down nonenzymati-
cally (t;» = 3 minutes) into the thromboxane B,
(TXB,), a stable metabolite (Gryglewski et al. 1988,
Campbell 1990) . PGI, is formed in vascular endothelial
cells (Moncada et al. 1976). PGl is released by en-
dothelium and it only effects the local environment; it is
a powerful vasodilator on the abluminal side of vessels
and inhibits platelet aggregation on the luminal side
(Vane et al. 1990). PGl is hydrolyzed nonenzymatical-
ly (t,» =3 minutes) to 6-keto-PGF;,(Campbell 1990) .
Biosynthesis of TXA, can be interfered with by long
chain n-3 PUFA. Dietary n-3 PUFA can be incorporated
into platelets, where they compete with AA for the 2-a-
cyl position of membrane phospholipids ( Dyerberg 1986,
Leaf and Weber 1988). EPA, a long chain (LC) n-3
PUFA, is released from phospholipids of the platelet
membrane, it competes with AA for access to cyclo-oxy-
genase and produces an alternative form of thromboxane,
thromboxane A3;(TXA;), which is relatively inactive in
promoting platelet aggregation and vasoconstriction ( Raz

et al. 1977). This situation can lead to a reduced TXA,
production and thus a lower thrombosis tendency ( Lands
1986, Dyerberg 1986) . PGI, can also be produced from
EPA in arterial endothelium in vitro ( Dyerberg et al.
1978) and in vivo (Fischer and Weber 1984 ) ; PGI, has
similar physiological actions and activity to PGl,( Monca-
da et al. 1976,).

Numerous dietary intervention studies have found
that TXA, production is more sensitive to alteration to
the diet compared with PGIL,( von Schacky et al. 1985,
Mann et al. 1997, Ferretti et al. 1998). The ratio of
urine excretion 11-dehydro TAB, to 6-keto PGF la was
decreased by 20% when 34 healthy men aged 24 to 57
supplemented fish oil 15g/d for 10 weeks compared with
placebo (48% of lard, 40% beef tallow and 12% of
com oil) (Ferritti et al. 1993) . Daily urine excretion of
11-dehydro TAB2 was reduced by 14% , while 6-keto
PGF la was decreased only by 2% when 25 healthy
subjects (male 12, female 13) aged 22 to 52 years con-
sumed an average 133g raw Atlantic salmon per day for
two weeks compared with after one week vegetarian diet
(Mann et al. 1997). When 8 healthy male volunteers
aged 20 to 40 years consumed a high-DHA diet contain-
ing 6g/d of DHA for 120 days, 11-dehydro TAB, was
decreased by 35% , while 6-keto PGF la was decreased
only by 8% compared with the control diet with trace
amounts of DHA (n=4) (Ferritti et al. 1998) .

Table 1. Nutrient intake during the low fat and
high fat diets (n=27)

Low Fat Diet  High Fat Diet
Energy (MJ) 9.1+1.6 9.3+1.7
Protein (g) 87.4£9.9  99.0:12.3
Fat (g) 59.9£9.1  103.3+17.8
SFA (g) 19.3£3.2  50.2+8.7%x
MUFA (g) 23.6+£3.3  30.8%10.6%*
PUFA (g) 12.5+3.4 11.9£3.0
P: S ratio 0.7£0.2  0.2£0.03 **

Carbohydrate (g)
Cholesterol (mg)

307.7+£84.9 226.9+47.7 #x
138.0+18.5 341.6+75.0 %

Fibre (g) 28.6+6.4 27.9+5.7
Alcohol (g) 5.1+6.6 5.4+7.4
Protein( % energy) 16.7+1.9 16.5+1.2
Carbohydrate( % energy) 55.0+3.3 38.9+2.9 %x
Fat (% energy) 24.5+2.2 41.3+£2.7 %%




