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ABSTRACT

Female Sprague-Dawley rats, 50 days of age, were treated with a
single dose of 5 mg of 7,12-dimethylbenz(a)anthracene intragastrically.
3 days after carcinogen treatment, the rats were put on semisynthetic
diets containing 20% by weight of corn oil (CO), soybean oil (SBO),
crude palm oil (CPO), refined, bleached, deodorized palm oil (RBD PO)
and metabisulfite-treated palm oil (MCPO) for 5 months. During the
course of experiments, rats fed on different dietary fats had similar rate
of growth. Rats fed 20% CO or SBO diet have higher tumor incidence
than rats fed on palm oil (PO) diets; however differences of mean tumor
latency periods among the groups were not statistically significant. At
autopsy, rats fed on high CO or SBO diets had significantly more tumors
than rats fed on the three PO diets. Our results showed that high PO
diets did not promote chemically induced mammary tumorigenesis in
female rats when compared to high CO or SBO diets. CO and SBO
differ greatly from the palm oils in their contents of tocopherols, toco-
trienols, and carotenes. But further experiments would be required to
determine whether the observed differences in tumor incidence and tumor
numbers were due to the differences in these minor components or due
to the unique triglycÃ©ridestructure of the palm oils.

Analysis of the fatty acid profiles of plasma total lipids of tumor-
bearing rats and of the tumor total lipids showed that, with the exception
of arachidonic acid, the fatty acid profiles reflect the nature of the dietary
fats. At autopsy, there were no differences in the plasma total cholesterol
contents among rats fed on different dietary fats, but rats fed on palm oil
diets had a significantly higher plasma triglycÃ©ridelevel than that of rats
fed CO or SBO diets. As for the tumor lipids, there were no significant
differences in the triglycÃ©ride,diglyceride, and phospholipid levels when
the CO or SBO groups were compared to the palm oil groups.

INTRODUCTION

The ability of high fat diets to enhance chemically induced
mammary carcinogenesis in female rats has been widely re
ported (1-7). Different types of dietary fats show different
magnitude of tumor promotion (3, 4). Polyunsaturated oils
promote mammary tumorigenesis much greater than saturated
fats (3, 8, 9). PO3 is an oil obtained from the mesocarp of the

oil palm fruits and is often confused with PKO which is obtained
from the nuts of the oil palm fruits. PO and PKO have distinctly
different fatty acid composition (10).

PO has approximately 50% saturated and unsaturated fatty
acids (11-13). PO can be refined, bleached, and deodorized as
RBD PO and fractionated into palm olein and palm stearin.
PO has been an important source of dietary fat for many people
in the tropical countries for centuries. However, the impact of
PO as a dietary fat on the development of atherosclerosis and
chemically induced mammary tumors in laboratory animals is
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still largely unexplored. In the present study, the effect of
different high PO diets on mammary carcinogenesis in female
rats treated with DMBA is being investigated.

MATERIALS AND METHODS

Animals, Diets, and DMBA Administration. Female Sprague-Dawley
rats were obtained from the Animal Breeding Unit, University of
Malaya at 45 days of age. They were allocated into groups of 20 each,
put on laboratory chow diet, and housed in an experimental room with
12-h light and 12-h darkness. At 50 days of age, all rats were given a
single dose of 5 mg of DMBA in 0.25 ml of CO intragastrically. All
rats were continued on laboratory chow diet for another 3 days after
DMBA administration; thereafter, they were fed semisynthetic diets
containing 20% by weight of SBO, CO, CPO. RBD PO, and MCPO.
The diets (Table 1) were formulated according to Newberne et al. (14).
Water and feed were given ad libitum. The rats were weighed weekly.
3 weeks after DMBA administration, palpation for mammary tumor
was started and the appearance of each tumor was recorded. The
experiments were terminated 5 months after DMBA administration.

Just before autopsy, blood was taken from ether-anesthetized tumor-
bearing rats by heart-puncture technique and collected in centrifuge
tubes containing EDTA (1 mg/ml) as the anticoagulant. Plasma was
prepared by centrifugation at 2000 x g for 10 min in a refrigerated
centrifuge and stored at â€”¿�20*C.

At autopsy, the presence of mammary tumors in each rat was
carefully examined and suspected tissues were preserved in 10% for
malin and sent for histopathological examinations. Solid mammary
tumors were excised, frozen, and kept at -20"C.

Lipid Extraction. Plasma and tumor lipids were extracted with chlo-
roform:methanol (2:1, v/v) and washed with dilute salt solution (15).
The lower chloroform layer was dried and quantified gravimetrically as
described (16). Aliquots of the total lipids were spotted on thin-layer
plates (silica gel G-coated) and the lipid components were separated in
a solvent system of hexane:diethyl etherformic acid (80:20:2, by vol)
in a thin-layer Chromatographie tank previously saturated with vapor
of the solvent system. Lipid spots were visualized by transient exposure
to iodine vapor or by spraying with 2,7-dichlorofluorescein. Neutral
lipids were quantified by acid-charring method (17) and phospholipids
were quantified by phosphorus estimation according to Rouser et al.
(18).

Fatty Acid Analysis. Various dietary fats, plasma total lipids, and
tumor total lipids were transmethylated with methanolic HC1 at 120'C

for 2 h (3) and the fatty acid methyl esters were extracted and purified
as described (19). The fatty acid methyl esters were analyzed by gas
chromatography (Shimadzu GC 8A) using a glass column (2 mm x 2
m) packed with 10% SP 2300 (Supelco). The analysis was carried out
by temperature programming from 200 to 230Â°Cat 2Â°C/min. Peak

areas were quantified by an electronic data processor (Shimadzu C-
R3A) and expressed as a percentage of the total fatty acids.

Analysis of Tocopherols, Tocotrienols, and Carotenes. The tocopherol
and tocotrienol contents of CO, SBO, CPO, RBD PO, and MCPO
were analyzed by high-performance liquid chromatography (13), and
expressed as parts per millions (ppm). The carotenes were determined
by measuring their absorbance in hexane at 446 nm (20).

RESULTS

The fatty acid composition of the different dietary fats used
in this study is shown in Table 2. CO and SBO both contain
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DIETARY PALM OIL AND MAMMARY CANCER

Table 1 Composition of semisynthetic diets

IngredientsCasein,

vitamin-freeDextroseFatAlphacelVitamin

mixture(AIN-76)Salt
mixture(AIN-76)DL-MethionineCholine

bitartratePercentage

(by weight)22.045.020.07.01.04.50.30.2

Table 2 Fatty acid composition of the five dietary fats (% of total fatty acids)

Fattyacids12:014:016:016:118:018:118:218:320:022:1SaturatesMonounsaturatesPolyunsaturatesCornoil0.1tÂ»9.70.32.737.048.71.10.4ND12.937.349.8Soybeanoil0.1t8.90.33.620.657.28.40.30.612.921.565.6RBD
palm

oil0.30.839.50.34.343.110.70.50.5ND45.443.411.2Crudepalmoil0.20.839.40.44.243.111.00.40.4ND45.043.511.4MC"

palm

oil0.20.939.50.54.243.010.80.40.5MD45.343.511.2

" MC - metabisulfite-treated.
4 t = trace, <0.1%.
' ND, not detected.

Table 3 Contents of tocopherols, tocotrienols, and carotenes of corn oil, soybean
oil, crude palm oil, RBD palm oil, and metabisulphite-treated palm oil.

[Expressed as pans per million (ppm)J

a-T*â€¢y-TÃ’-TTotal

Ta-T3c7-T3Ã•-T3Total

T3CarotenesCorn

oil12644625597NDNDNDnilNDSoybeanOil28235145408NDNDNDnilNDCrudepalmoil143NO*ND14318829681565584RBDpalmoil97NDND9716120351415NDMC*palmoil64NDND64337480187326

" MC, metabisulphite-treated.
* T, tocopherols.
' T3, tocotrienols.
' ND, not detected.

about 12% saturated fatty acids of which palmitic acid consti
tutes about 9-10%. The unsaturated fatty acids of CO are made
up of about 37% oleic, 49% linoleic, and 1% linolenic acids;
whereas the unsaturated fatty acids of SBO are consisted of
about 21% oleic, 66% linoleic, and 8% linolenic acids. On the
other hand, the fatty acid composition of CPO, RBD PO, and
MCPO are broadly similar. Palmitic acid constitutes about
40% of the saturated fatty acids and oleic acid constitutes about
43% of the unsaturated fatty acids in all three types of palm
oils. About 11% of the unsaturated fatty acids are linoleic acid.
The above results indicate that PO has four times higher content
of palmitic acid and five times lower linoleic acid content than
CO or SBO. PO also has 6 and 23% higher oleic acid contents
than CO and SBO, respectively.

In addition to the differences in fatty acid composition, PO
also differs greatly from CO and SBO in its content of tocoph
erols, tocotrienols, and carotenes (Table 3). CO and SBO have
high levels of tocopherols but are devoid of tocotrienols and
carotenes. All the tree types of palm oils have lower level of
tocopherols when compared to the CO and SBO; but they have
high levels of tocotrienols and carotenes, except for RBD PO
which has lost all its carotenes during physical refining. The

metabisulfite treatment of CPO has retained 56% of the caro
tenes and, in turn, lost about 32% of the tocopherols and 67%
of the tocotrienols present in the CPO. The RBD PO, on the
other hand, retained 67% of the tocopherols, 73% of the toco
trienols, but lost all the carotenes as compared with CPO.

When female rats were treated with DMBA and fed semisyn
thetic diets containing the five different fats and oils for the 5-
month experimental period, mammary tumors appeared at
different rate in different groups. Fig. 1 shows the percentage
incidence of female rats with palpable mammary tumors in the
various dietary groups for the 5-month experimental period.
Rats fed 20% CO and SBO diets appeared to develop mammary
tumors earlier and faster than rats fed on the PO diets; but the
differences in the mean latency periods were not statistically
significant. The latency periods for CO, SBO, CPO, RBD PO,
and MCPO groups were 102, 98, 104, 102, and 105 days,
respectively. The final incidences of palpable mammary tumors
were 85, 90, 65, 70, and 70%, respectively, for the CO, SBO,
CPO, RBD PO, and MCPO groups.

The cumulative number of mammary tumors in the different
dietary groups are shown in Fig. 2. It is clearly seen that the
20% CO and 20% SBO groups had significantly more mam
mary tumors than the groups fed PO diets. At autopsy, the
groups fed 20% CO diet and 20% SBO diet had 71 (palpable,
64; nonpalpable, 7) and 57 (palpable, 52; nonpalpable, 5) mam
mary tumors, respectively, whereas the groups fed 20% RBD
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Fig. I. Percentage incidence of female rats with palpable mammary tumors in
the course of the experiments. Rats were fed with laboratory chow diet before
and continued for 3 days after DMBA administration; thereafter the rats were
fed with semisynthetic diets containing 20% by weight of CO, SBO, CPO, MCPO,
and RBD PO. There were 20 rats per group.

co ,-
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CPO

WEEKS AFTER Â»MBA TREATMENT

Fig. 2. The cumulative number of palpable mammary tumors in female rats
treated with DMBA and fed with semisynthetic diets containing different fats
and oils as described in Fig. 1.
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DIETARY PALM OIL AND MAMMARY CANCER

PO diet, 20% CPO diet, and 20% MCPO diet had 30 (palpable,
27; nonpalpable, 3), 25 (palpable, 23; nonpalpable, 2) and 28
(palpable, 23; nonpalpable, 5) mammary tumors, respectively.
The number of mammary tumors per rats in the CO group
(4.18) and in the SBO groups (3.17) were significantly higher
than that of the RBD PO group (2.14), CPO group (1.92), and
MCPO (2.00). The mammary tumors in all dietary groups were
mainly adenocarcinomas with only 4, 4, 1, 2, and 2 adenomas
in the CO, SBO, CPO, RBD PO, and MCPO groups, respec
tively.

The fatty acid composition of plasma total lipids of tumor-
bearing rats from different dietary groups were analyzed and
the results are shown in Table 4. The plasma from tumor-
bearing rats fed on PO diets has significantly higher levels of
palmitic and oleic acids and a significantly lower level of linoleic
acid than that of rats fed on CO and SBO diets. However,
arachidonic acid is the major plasma fatty acid of tumor-bearing

rats in all the dietary groups and its level in the plasma of
tumor-bearing rats fed on CPO diet is significantly lower than
that of tumor-bearing rats fed on SBO and RBD PO diets.

The fatty acid profiles of mammary tumor total lipids were
also investigated and the results are shown in Table 5. In
general, the mammary tumor fatty acid profiles reflect closely
the nature of dietary fats consumed by the rats. Tumors from

Table 4 Fatty acid profiles of plasma total lipids of tumor-bearing rats
(Expressed as % of total fatty acids)

Mean of 10 samples Â±SD. Means with superscript a are significantly different
from those of b, and means with superscript c are significantly different from
those oÃd(P <0.05). MC, metabisulphite-treated; t, trace (<0.1%).

Fattyacid14:016:016:118:018:118:218:320:020:120:220:422:022:120:524:024:122:522:6Cornoilt16.2

Â±0.9Â°t16.8

Â±1.6Â°10.4
Â±1.2"19.6
Â±2.9Â°t0.6

Â±0.10.2
Â±0.1t30.4

Â±2.4tt0.7

Â±0.11.6
Â±0.22.7

Â±0.90.9
Â±0.30.1
Â±0.1Soybean

oilt15.3

Â±0.8Â°t17.3Â±0.7Â°-c7.7

Â±0.5Â°2
1.6Â±3.2Â°t0.2

Â±0.10.7
Â±0.1t32.9

Â±3.1*0.8

Â±0.20.2
Â±0.1tt0.4

Â±0.9ttCrude

palm
oil0.7

Â±0.523.0
Â±2.2*'ct14.3

Â±2.9*19.3
Â±4.8*11.6Â±2.2*'ct0.8

Â±0.21.1
Â±0.5t25.9

Â±6.0Â°ttt2.0

Â±0.31.6
Â±0.5ttRBD

palm
oil0.3

Â±0.120.7
Â±1.2*'t16.5

Â±1.617.6
Â±2.0Â°8.4

Â±0.7*-''tt0.7

Â±0.20.2
Â±0.131.1

Â±1.8*ttt2.4

Â±0.51.8
Â±0.3ttMC

palm
oil0.3

Â±0.121.8
Â±2.7*t14.6+

\.Â¥18.9
Â±3.0*11.4
Â±1.0*'ft0.8

Â±0.20.4
Â±0.2t27.1

Â±3.8ttt2.6

Â±0.41.4
Â±0.7tt

Table 5 Fatty acid profiles of mammary tumor total lipids (Expressed as%of
total fatty acids)

Mean of six samples Â±SD. Means with superscript a are significantly different
from those of b; and means with superscript c are significantly different from
those of d. (/><0.05). t, trace, < 0.1%.

Fattyacids14:016:016:116:218:018:118:218:320:020:120:220:422:022:120:524:024:1Comoil0.6

+0.115.4
Â±0.1Â°1.5

+0.50.4
+0.16.7
Â±3.433.1

Â±4.9Â°29.5
Â±5.4Â°0.5

Â±0.20.2
Â±0.11.0

Â±0.10.6
Â±0.57.1

Â±4.2t0.2

Â±0.10.3
Â±0.21.9

Â±0.40.8
Â±0.4Soybean

oil0.7

Â±0.217.8Â±
1.8Â°2.1

Â±0.40.6
Â±0.37.3

Â±3.428.7
Â±3.7Â°28.1
Â±1.4Â°1.6

Â±0.8t0.9

Â±0.10.6
Â±0.28.1

Â±2.1Â°tt0.2

Â±0.11.8
+0.21.1
Â±0.5Crude

palm
oil0.9

Â±0.124.2
Â±1.0*2.2

Â±0.30.4
Â±0.16.0

Â±1.443.3
Â±4.5*11.

9Â±3.5*'Â°'0.4

Â±0.2t1.1

Â±0.20.5
Â±0.15.9

Â±2.6"tt0.1

Â±0.01.6+
1.01.0

Â±0.6RBD

palm
oil1.1

Â±0.125.2
Â±1.8*2.4
Â±0.30.5

Â±0.17.5
Â±1.041.3

Â±3.9*7.1
Â±2.0*'ctt0.8

Â±0.30.2
Â±0.110.1

+3.4C0.1
Â±0.0t0.1

Â±0.11.6
Â±0.81.2

Â±0.6MC

palmoil0.9

Â±0.222.9
Â±6.5*2.0

Â±0.50.4
Â±0.25.9
+2.343.0
Â±7.8*16.2+

1.3*''0.4

Â±0.3t0.9

Â±0.20.4
Â±0.24.7
Â±0.9*plitt0.2

+0.11.1
Â±0.60.8

Â±0.3

rats fed on PO diets have higher palmitic acid and oleic acid
contents and lower linoleic acid content compared to those
from rats fed on CO and SBO diets. There is no consistent
effect of dietary fats on the level of arachidonic acid; the levels
of arachidonic acid in the CPO and MCPO groups are signifi
cantly lower than that in the RBD PO group. The arachidonic
acid level in the SBO group is significantly higher than the
MCPO group.

The distribution of the major classes of plasma lipids in the
tumor-bearing rats of the different dietary groups is shown in

Table 6. At autopsy, there was no significant difference in the
total plasma cholesterol contents in the different dietary groups;
but the triglycÃ©ridelevel in the group fed the CPO diet were
significantly higher than that of the groups fed the CO and
SBO diets. The triglycÃ©ridelevel in the groups fed the RBD
PO diet was significantly higher than that of the group fed the
CPO diet. There were no significant differences in the total
plasma phospholipid contents among the groups fed CO, SBO,
and CPO diets; but the total plasma phospholipids of the group
fed the RBD PO diet was higher than that of the groups fed
the SBO and CPO diets.

Table 7 shows the distribution of major lipid classes in the
mammary tumors at autopsy in the different dietary groups.
There is no apparent trend in the distribution of major lipid
classes in the mammary tumors between the CO- and SBO-fed
groups and the PO-fed groups and the differences were mostly
insignificant. However, mammary tumors from the CO- and
RBD PO-fed groups had significantly higher cholesterol con
tent than those from the SBO-fed group. Mammary tumors

from the RBD PO group also had higher phospholipid content
than those from the MCPO group.

DISCUSSION

In the present study, the growth of the female rats treated
with DMBA and fed on semisynthetic diets containing 20% by
weight of CO, SBO, RBD PO, CPO, and MCPO was compa
rable throughout the experimental period (Fig. 3) indicating
that there was no significant difference in energy intake and
utilization among the various dietary groups. The CO and SBO
used in this study were comparable to those used by other
investigators in terms of their fatty acid composition (3,21) but
they differ significantly in fatty acid composition from the palm
oils (Table 2). In addition, CO and SBO also differ greatly in
their minor components such as tocopherols, tocotrienols, and
carotenes from that of the palm oils. CO and SBO have high
levels of tocopherols but are completely devoid of tocotrienols
and carotenes. CPO is very rich in tocopherols, tocotrienols,
and carotenes. However, conventional refining processes have
removed practically all the carotenes and parts of the tocoph
erols and tocotrienols. The metabisulfite treatment was meant
to retain the carotenes in the palm oil while reducing the content
of free fatty acids and peroxides which could otherwise promote
oxidative degradation of the oil.

PO is a relatively new source of dietary fat in many developed
countries and very few studies on its effect on chemically
induced carcinogenesis have been carried out in the past. Our
results (Figs. 1 and 2) show that CO and SBO enhanced
mammary carcinogenesis in female rats induced by DMBA
much more than the three types of PO used in this study. Ip
(22) showed earlier that addition of PO to a high CO diet
effectively reduced the tumor-enhancing effect of the high CO
diet. Therefore, our results (Figs. 1 and 2) confirm previous
findings that high CO and SBO diets promote chemically
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DIETARY PALM OIL AND MAMMARY CANCER

Table 6 Major plasma lipids of tumor-bearing rats (Expressed as mg/100 ml plasma)
Mean of 14 samples Â±SEM. Means with superscript a are significantly different from those of b; means with superscript <â€¢are significantly different from those

o(d(P< 0.05). MC, metabisulfite-treated.

Dietary
fatsCorn

oil
Soybean oil
Crude palm oil
RBD palm oil
MC palm oilFree

cholesterol20.7
Â±2.4Â°

25.7 Â±0.9*
25.7 Â±1.4*
28.2 Â±2.4*
26.6 Â±0.6*Esterified

cholesterol63.4

Â±3.5
66.4 Â±2.5
62.2 Â±4.4
65.2 Â±4.4
60.7 Â±3.1Total

cholesterol82.5

Â±4.4
92.1 Â±3.2
88.3 Â±7.0
94.6 Â±6.8
86.0 Â±1.6TriglycÃ©rides3

1.5 Â±5.8Â°
29.2 Â±1.1Â°
60.4 Â±6.4*''
44.3 Â±4.0M
45.0 Â±11.4*Phospholipids128.7

Â±6.8
125.2 Â±6.3Â°
125.5Â±4.2r
146.5 Â±o^*'*

140.5 Â±5.1

Table 7 Major mammary tumor lipids (Expressed as mg/g tumor)
Mean of six samples Â±SEM. Means with superscript a are significantly

different from those with superscript b: and mean with superscript c is significantly
different from that with superscript d(P< 0.05).

Dietary fats
Total cho

lesterol TriglycÃ©rides Diglycerides Phospholipids

Corn oil
Soybean oil
Crude palm oil
RBD palm oil
MC palm oil

3.3 Â±0.2Â°
1.6Â±0.1*'f

2.3 Â±0.4
2.9 Â±0.2"

2.3 Â±0.5

11.9Â± 1.5
8.4 Â±0.3

11.7 Â±1.3
9.9 Â±0.6

11.5Â± 1.9

1.2 Â±0.1
1.1 Â±0.1
1.2 Â±0.1
1.5 Â±0.2
1.2 Â±0.1

9.5 Â±1.2
8.0 Â±2.0

10.8 Â±1.7
12.3Â± 1.6Â°
5.8 Â±1.5*

E
01

01
OJ

rS

CO

SBO

cPO
RBOPO

MC PO

i I. 6 10 12 U 16 19 20

Weeksafter DMBA administration
Fig. 3. The growth curves of female rats treated with DMBA and fed on

different high fat semisynthetic diets. There were 20 rats in each group and their
body weights were monitored at weekly interval. The average body weights of the
animals were plotted against weeks after DMBA administration.

induced mammary carcinogenesis in female rats (2, 3) and
indirectly support the findings of Ip (22) that palm oil has a
nonpromoting effect on chemically induced mammary carci
nogenesis in female rats. The reason that PO does not promote
mammary carcinogenesis as the CO and SBO do is not imme
diately known. However, it has been previously shown that
polyunsaturated oils (CO, sunflower seed oil, and SBO) pro
moted, whereas saturated fats (coconut oil, lard, beef tallow,
and butter) did not promote chemically induced mammary
carcinogenesis in female rats (3). In the present studies, PO
gave results similar to that produced by the saturated fats which
were reported previously (3). In another study on the action of
dietary fats in the initiation phase of mammary carcinogenesis,
Sylvester et al. (21 ) showed that high PO diet showed the least
stimulatory effect on the initiation of mammary carcinogenesis
when compared to high lard, beef tallow and CO diets. On the
basis of the incidence of palpable mammary tumors, the high
PO group gave results comparable to that of the 5% CO group
(21). Honstra et al. (23) in their study on thrombosis also
showed that PO did not behave like a saturated fat because it
possesses antithrombotic effect that is not seen in saturated
fats. Hence, from the response of PO in various studies, PO is

neither a saturated nor a polyunsaturated fat.
From the chemical standpoint, PO has about 50% saturated

and 50% unsaturated fatty acids. Palmitic and stearic acids
account for around 40% and 4% of saturated fatty acids, re
spectively; whereas oleic and linoleic acid account for 43% and
11% of the unsaturated fatty acids (Table 2). Several investi
gators (8, 24) has confirmed the requirement for linoleic acid
in the promotion of mammary carcinogenesis and the critical
level of linoleic acid is around 4-5% of the diet, above which
this acid exerts a promoting effect on mammary carcinogenesis.
In the present study, linoleic acid contributes only about 2% in
the PO diets; thus it is below the critical level mentioned above
but sufficient to prevent essential fatty acid deficiency. In ad
dition, the molecular structure of PO triglycÃ©rideswas also
strikingly different from that of SBO (25, 26). Whether or not
this unique chemical composition and structure of PO triglyc
Ã©rideshave contributed to its unusual property in thrombosis
and mammary carcinogenesis remains unknown.

On the other hand, it is noted that there is a distinct difference
in the contents of tocopherols, tocotrienols, and carotenes in
these dietary fats and oils (Table 3). CO and SBO have high
levels of tocopherols but are totally devoid of tocotrienols and
carotenes. In contrast, CPO is extremely rich in tocopherols,
tocotrienols, and carotenes (Table 3) and our results agree with
previous reports (12, 13). Since CO and SBO have, in fact,
higher level of tocopherols than the palm oils, it is unlikely that
the tocopherols were the cause of the nonpromoting effect of
palm oils in mammary carcinogenesis. On the other hand,
tocotrienols were recently shown by Kato et al. (27) to prolong
the lifespan of tumor-bearing rats following its administration.
Furthermore, 0-carotene and vitamin A have been considered
to have anticancer property (28,29) and experimental evidences
showed that dietary supplementation of /3-carotene and vitamin
A inhibits the development of several chemically induced can
cers in laboratory animals (30-34). Whether or not the observed
nonpromoting effect of PO on mammary carcinogenesis is due
to its minor constituents such as tocotrienols and carotenes or
due to its specific triglycÃ©ridestructure remains to be deter
mined.

The effect of dietary fats on the pattern of distribution of
fatty acids was more apparent on the mammary tumor fatty
acids than on the plasma fatty acids of tumor-bearing rats. The
tumor fatty acid profiles essentially reflect the nature of dietary
fats consumed by the rats. This finding agrees with previous
reports (35,36). With regard to the serum and mammary tumor
lipid profiles, there is no consistent change among the groups
fed on polyunsaturated CO and SBO diets and those fed on PO
diets (Tables 6 and 7). Therefore, it is not possible to correlate
the changes in lipid profiles to the nonpromoting effect of palm
oil on chemically induced mammary carcinogenesis.
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