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Abstract: The effects ofdietary tu-3 polyunsaturated fatty acid (ca-3 PUFA) on the development

of 7,l2-dimethylbenz(a)anthracene (DMBA)-induced mammary tumors were studied in female

Sprague-Dawley ra£s. Animals were maintained on a test diet containlng corn oil [CO; linoleic acid

(18:2 co-6), 48.9%], perilla oil [PO; a-Iinolenic acid (18:S (D-3), 54.l%] or fish oil [FO;

docosahexanoic acid (22:6 to-3), 40.1%] as fat (12% w/w each) for 60 days starting one week after

DMBA was administered (1e rng/rat, po). The first tumor in both the PO and FO groups appeared

18 days later thaR that in the CO group. The mean latent period for tumorigenesis was
significantly longer in the PO than in the CO group. As compared with rats in the CO group, fewer

rats in the other groups developed tumors, those which did develop tumors had fewer tumors, and

those tumors which did develop were smaller. These observations were consistent with the findings

at autopsy. LiRoleic acid contentin the microsomes from tumor cells was sigBificantly Iower in both

the PO and FO groups than in the CO group. However, the microsomes from the PO and FO
groups had a markedly high content of cr-Iinolenic acid and docosahexanoic acid, respectively.

These fiRdiRgs sgggest that the dietary co-3 PUFAs, cr-liRolenic acid and docosahexanoic acid,

inhibit the development of DMBA-induced mammary tumors by changing the fatty acid
composition of biological membranes.
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  Epidemiolegical studies have revealed that a

.high-fat diet increases the incidence of breast

canceri-5). Several animal studies have shown

that lineleic acid (LA; 18:2 tu-6), an essential

fatty acid, is invelved iR this phenomenon6-8),

and that there is a dose-respense relationship
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betweelt the intake of LA and the development

of 7,12-dimethylbenz(a)anthracene (DMBA)-

induced mammary tumors9).

  In contrast, the fatty acids in fish oil are

suggested to inhibit the develepment of mam-

rr}ary cancer, According to epidemiological

studies, the mortality rate from breast cancer

among femal'e Greenland Eskimos, for whom

marine products are a staple food, is lower

than that among Western femalesie)ii). tu-3

Type polyunsaturated fatty acids (tu-3 PUFA)

including eicosapentaeneic acid (EPA; 20:5

tu-3), decosapentaenoic acid (DPA; 20:5 w-3)

and docosahexanoic acid (DHA; 22:6 tu-3) are
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abundant in fish oil.

  Using menhaden oil,Jurkowski and Cave}2)

stgdied the effects ef co-3 PUFA on the

development of N-rnethyl-N-nitrosourea-in-

duced mammary tumors in rats and found that

a diet containing 20% (wlw) menhaden oil
inhibited tumorigenesis. Braden and CarrolliS)

reported similar findings for DMBA-induced

mammary tumors in rats. Menhaden oi} also

iRhibited the growth of mammary caficer cells

transplanted into rats and micei4>i5). since

EPA accounts for about 29% of the fatty acids

in menhaden oil, research attentien is now

being focused on the inhibitory effects of EPA

on the development of breast cancer. Howev-

er, there are few experimental reports of the

use of co-3 PUFA other than EPA as inhibitors

of experimental mammary tumorigenesis.

  IR the present study, we compared the
effects of perilla oil (PO), which is primarily

composed of ev-linolenic acid (cr-LA; 18:3 tu-3),

fish oil (FO), which is primarily composed of

DHA, and corn oil, which is primarily com-

posed of LA, on the development of DMBA-

induced mammary tumors.

MATERIALS AND METHODS

Animals and diets

  Thirty-five-day-old female Sprague-Dawley

rats (Shizuoka Laboratory Animal Center, Shi-

zuoka) were individually housed in stainless

stee} wire-bottomed cages in an air-

conditioned room (22±20C) with a 12-hour
light (6 am to 6 pm) and dark cycle. They were

allowed free access to a commerical pellet diet

(Clea CE-2, NippoR CIea, Tokyo) and water.

  Starting on day 42-af£er birth, their food was

changed to a semipurified pewder diet (basal

diet) prepared by modifying the diet described

by Lieber and DeCarlii6). Dextrin-rnaltose was

replaced with sucrose, and ethyl linoleate was

substitu£ed for saffiower eil. Protein, fat and

carbohydrate accot}nted for l5%, 25% and

60% of the total caleries, respectively. The

basal diet contained 16.0 g casein, 1}.9 g corn

and olive oils (1:3.3), 64.2 g sucrose, O.2 g

L-cystine, O.l g DL-methionine, O.2 g choline

bitartrate, O.04 g vitamin mixture, 3.0 g miner-

al mixture and 4.3 g fiber (KC-flock, San-yo

Kokusaku Pulp, Tokyo) per 100 g.

  A single dose of 10 mg of DMBA (Tokyo
Kasei, Tokyo) dissolved ill I ml of corn oil was

given to each rat oR day 49 after birth. One

week later, the animals were divided into 3

groups (IO animals each) and were given test

diets containing corn oi} (CO greup), perilla oil

(PO group) or fish oil (bonito oil:corn
oil = 9:1; FO group) in place of the total fat

con£ent (12% w!w) of the basal diet Each £est

diet was prepared daily by adding the
appropriate oil to a stock powder, and rats

were fed between 3 pm and 10 am. The stock

diet and oils were stored separately in a cold

room (40C) until use. The oils were stored in

dark bottles sealed under nitrogen. The fatty

acid compositions of the oils are shown ilt

Table l. The CO was purchased from A,iino-

moto Co. (Tokyo), and the PO and bonito oil

were provided by Tsukuba Research Labora-

tory, Nippon Oil 8c Fats Co. (Tsukuba).

  Rats were palpated twice weekly to monitor

tumor development. To determine the tumor

size, the two largest diameters of each tumor

were rneasured with calipers and their mean

Table l. Fatty acid composition of dietary fatsa)

Fatty Acid CornOU PerillaOil Fish Oili))

l6:O

16:l

I8:O

18:1

18:2 co-6

l8:3 (o-･3

20:1

20:5 tu-3

22:l

22:6 ca-3

Others

le.l

NDc)

 l.6
3 1.4

56.3

 O.4

ND
ND
ND
ND
 O.2

 6.5

ND
 2.1

17.3

14.5

54.1

 O.7

ND
 s.s

ND
 l.5

14.4

 4.1

 2.8

l1.9

 5.6

 O.I

ND
 7D
ND
40.1

14.6

a)

b)

cr)

The values represent fatty acid percentages (w!w).

Fish oii = bonito oil + corn oil (9 : 1).

ND, not detectable.
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value was recorded. Body weights and food

intake were also monitored twice a week.

  Sixty days after DMBA was given, rats were

anesthetized with ether and killed. The mam-

mary tumors, liver, kidneys and spleeR were

excised and weighed. A portion of the periov-

ary adipose tissue was collected to examine the

fatty acid compesition of body fat. This tissue

was stored a£ -800C until it was used.

  The experiments were performed in accerd-

ance with £he Guidelines for ARimal Experi-

meRts, Medical University of Yamanashi.

Analysis offody acids

  The tumors were hor}}ogeRized in 1.15%

KC}-O.Ol M phosphate buffer (pH 7.4), using a

Teflon-glass homogenizer. The horr}ogenate

was centrifuged at 10,OOO xg for 10 miR at

OOC. The supematant was £hen centrifuged at

105,OOe xg for 60 min at 40C to obtain
rr}icrosomes, which were stored at ---800C until

they were used.

  Lipids in the periovary adipose tissue and in

the microsomes from the mammary tumors
were extracted according to the methocl of
Folch et al.'s methodi7). The fatty acids in the

extract were methyl-esterified with boron
fluoride-methanoli8). The methyl esters of

fatty acids were determined with a gas chro-

matograph equipped with a flame ionization

detector (Hewlett-Packard Model I5890A,

Sunnyvale, CA). Gas chromatography, with a

30 m × O.25 mm fused silica capillary columR

(Carbowax 20 M,J & W Scientific, Folsom, CA)

and helium as a carrier gas, was carried out at a

split ratio of IOO:1. The column temperature

was 2100C. Chromatograms were analyzed
with an integrator (Hewlett-Packard Model

3390A),
Statistics

  lnter-group differences were analyzed by

ANOVA, foliowed by the S£udent-Newman-
Keuls' testi9). The O.05 level of probability was

the criterion of significance.

               REsuLTs

Food intake, body weight and weights of liver,

kidnays and sPleen

  Figure 1 shows changes iR food intake aRd

body weight during the period in which the

rats were maintained en the test diets. Animals

in the FO group ate significantly less food than

did the other groups when they were first

changed from the basal diet to £he test diets.

On the third day after the diets were chaRged,

the FO group animals were still eatiRg sigBi-

ficantly less thaR the CO group animals.

Subsequen£ly, however, there were no differ-

ences in food intake among the three groups.

The average foed ilttake during the period oR

the test diets was similar for the 3 groups:

12.1±O.6 glday in the CO group, I2.5±O.8 g in

the PO group and II.6 alhr 1.3 g in the FO group.

  At autopsy, perforrned 60 days after DMBA

was given, animals in the FO group weighed

significantly less than those IB the PO group

(Table 2). The mean liver weight in £he FO
group was significaRtly higher than that in the

CO group. The weight of the spleeR was also

significan£ly higher in £he FO grotip than iR

the other gyoups. There was no difference

among the 3 groups with respect to kidRey

weight. The ratios of the weights of liver,

spleeA, and kidneys to body weight in the FO

group were significaittly higher thaR these

ratios in the other groups (p<O.05).
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Tumorigenesis

  Figure 2 shews the tumor incidence (A), the

number of tumors (B) and the size of tumors

(C), as determined by palpation. In the CO

group, the first tumor appeared 3e days after

DMBA was given, while in the ether greups

the first tumor appeared 48 days after DMBA

was given (Fig. 2A), Throughout the experi-

ment, the tumor incidence in the PO and FO

groups was lower than that in the CO group,

  The number of tumors developed was
markedly higher in the CO group £han in the

other groups (Fig. 2B), and the tumors which

did develop in the PO and FO groups were

markedly smaller than those in the CO group

(Fig. 2C). Eight weeks after DMBA was given,

Table 2. Body, liver, spleen, and kidney wei

of fats, measured at autopsy

ghts of rats fed different types

Weight (g)

Dietci) Body Liver Spleen Kidney

co
po
FO

2zl,7±17a)

255±24
234±19c)

10.7±1.l

1 1.5 ± 1.5

12.6±1.8b)

O.48±O.07

O.52±O.07
O.61±O.o7b)c)

l.94 ± O.18

2.03±O.18

2.04±O.20

1OO

a)

b)

c)

d>

Values are the means±SD of IO rats.
Significantly different from the CO group, p<O.e5.

SignificaRtly different from the PO group, p<O.05.

CO, corn oil diet; PO, perilla oil diet; FO, fish oil diet.
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the FO greup had fewer and smaller tumors

than the PO group. The average number of

days before the first appearance of tumor was

49.3±8.6 in the CO group, 56.4±3.2 in the PO

group and 50.5±3.3 in the FO group. Thus,

the PO group took longer to develop mam-

mary tumors than did the CO group (p<O.05).

  At autopsy, the tumor incidence was 70% in

the CO and PO groups and 40% in the FO
group, but this difference was not significant

(Table 3). However, the groups could be
ranked by the number of tumors as follows:

CO group > PO group > FO group. The total

weight oftumors was highest in the CO group:

the values in the PO and FO groups were 115

and 1120, respectively, ofthat in the CO group.

While there was no significant difference in the

number of tumors per tumor-bearing rat･
among the S groups, the average tumer weight

per tumor-bearing rat was significantly higher

in the CO group than in the other grotips,

Fady acid composition of Periovary adipose tisszte

  The total content of saturated fatty acids

(SFA) in the periovary adipose tissue was

significantly higher in the FO group than in

the other greups (Table 4). Hewever, the FO

group had significantly lower monounsatu-

rated fatty acid (MUFA) content than did the

other groups, this difference being due te a

difference in oleic acid (18:1) content.

  In all 3 groups, the major tu-6 PUFA was LA.

However, the PO and FO groups had less LA

than the CO group (48% and 41%, respec-
tively).

  The ratio of ca-3 PUFA to the total fa£ty acid

content was Iess than 1% in the CO group,

whereas it was 25% in the PO group and 22%

in the FO greup. Of the co-3 PUFA, the PO

group had a markedly high preportion of

ceLA, and the FO group had a high propor-

tion of DHA. The to-31tu-6 ratios in the PO and

FO greups were 48 and 45 times, respectively,

as large as the ratio in the CO group. The 3

groups could be ranked by PUFAISFA (PIS)

ratio as follows: PO group > CO group > FO

group. These findings indicate that body fat

composition can easily be changed by dietary

fat and that existing fatty acids can be replaced

by £he major fatty acids that are consumed
daily.

Fatdy acid comPosition of tumor microsomal mem--

brane lipids

  There were no significant differences in SFA

content ameng the 3 groups (Table 5). The
palmitoleic acid (16:1) centent was significantly

higher in the FO group than in £he other
groups, but there were no significant differ-

ences in the total content of MUFA.

  Regarding co-6 PUFA, in all 3 groups, LA

content was highest, followed by arachidonic

acid (AA). The PO and FO groups had
relatively little LA, 66% and 56%, respectively,

of the amount in the CO group. AA content

was highest in the CO group, and was signi-

ficantly different from the content in the FO

greup.
  Total co-3 PUFA content in the PO and FO

groups was 3.9 and 4.6 times as high, respec-

Table 3. Mammary tumors at autopsy in DMBA-treated rats fed different types of fats

Diet`:)

Tumor
Incidence

  (%)

Total No.

   of
Tumors

No. of Tumorsl

Tumor-Bearing
    Rat

Total Tumor
  Weight
    (g)

 Tumor Weightl
Tumor-Bearing rat

      (g)

co
po
FO

70

70

40

25
12

7

3.57±2.7oa)

1.71±O.76

1.75±O.50

13.6

2.9

O.7

1.94±2.23

O.41±O.S3b)

O.18±O.1sb)

lt)

b
)
c)

Values are the meaBs±SD (CO, n= 7; PO, n= 7; FO, n= 7).
Significantly different from the CO diet group, p<O.05.

CO, corn oil dlet; PO, perilla oil diet; FO, fish oil diet.
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tively, as that in the CO group. The PO group

had a markedly higher af-LA conteRt and the

FO group had a markedly higher DHA con-

tent than the CO group.

  Although there were no significant differ-

eRce in the PIS ratio among the 3 groups, the

co-3!co-6 ratios in the PO and FO groups were

6.1 and 8.6 times higher, respectively, thaR

that in the CO group.

DIscussloN

  The findings of the present study indicate

that the co-3 PUFAs, ev-LA (PO) and DHA

(FO), inhibit the development of DMBA-
induced mammary tumors in rats, as com-

pared with CO, which predominantly contains

LA, an co-6 PUFA. Several studies have re-

ported the inhibitory effects of ct=LA on the

developmeRt of experimeRtal tumors. Hori et

al.20) observed that PO suppressed the pul-

"rable 4. Fatty acid composition of periovary adipose tissue in rats fed

different types of fats

Fatty Acid Com Oil Perilla Oil Fish Oil

Saturated Fatty Acids (SFA)

12:O NDa) NDl4:O O.99±O.08b) l.10±O.06C)
I6:O 21.3±O.6 20A±O.5C)
l8:O 2.80lrO.16 3.08±O.17C)
Total 25.1±O.7 24.6±O.6
Monounsaturated Fatty Acids (MUFA)

l6:1 3.42±O.29 4.44hrO.47C)
l8:1 33.2±O.6 28.7±O.5C)
20:1 O.35±O.02 O.31±O.02C)
Total 37.0±O.9 3S.4±e.9
co-6 PolyuRsaturated Fatty Acids (co-6 PUFA)

l8:2 84.8+-1.4 16.7±O.7C)
ls:s o.ls±o.o2 o.og!ro.o2c)
20:2 O.23±O.02 O.ll±O.OIC)
20:3 O.24±O.02 O.09±O.OIC)
20:4 1.04±O.15 O.S6±O.04C)
22:4 O.39±O.06 O.05±O.03C)
22:5 O.l3±O.08 OOI±O.OIC)
Total 37.0±l.4 17.4±O.7C)
co-3 Polyunsaturated Fatty Acids (co--3 PUFA)

l8:3 O.75±O.06 22.8±1.3C)
2o:s o.ol±e.ol omo±o.l3c)
22:5 O.03±O.04 0.84±O.l8C)
22:6 O.l3±O.02 O.39!OD5C)
Total O.92±O.08 24.7±1.5C)
co-31to-6 O.OS±O.Ol 1.4S±O.MC)
PISe) 1.52±O.09 1.71±O.07C)

   ND
2.l8±O.13c)d)

25.3 ! l.Ic)(O

S.87±O.21c)(i)

3lA±l.2c)({)

5.`(L7 ino.s1c)d)

22.9±o.7c)d)

O.54 ! O.o4c>d)

28.9±1.4c)d)

14.2 ! 2.6c)d)

Q.09±O.03c>

O.IS±O.02c)d)

O.18±o.e2c>co

l.18±O.osc)d)

O.14rt o.ogc>d)

I.38±O.16c)d)

l7.3 ! 2.7(:)

O.51r± O.1oc)d)

1.20±O,16c;)d)

l.14±O.1sc)d)

l9.6±2.2c)d)

22.`l r± 2.6c)d)

1.S4±O.32(:)

1.27±O.12c)(O

") ND, not detectable.

i') Values are the means±SD (n :IO). The valttes shown are percentages

 of the total fatty acid content.
C) Significantly different from the corn oil group, p<O.05.

d) Significantly different from the perilla oil group, p<e.05.

e) PIS, ratio of polyunsaturated fatty acids to saturated fatty acids.
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monary metastasis of Yoshida sarcoma cells

irijected intravenously in rats. Fritsche aRd

JohnstoR2i) reported that linseed oil (ev-LA,

56%) iRhibited the pulmonary metastasis of

murine inammary adenocarcinoma inoculated

subcutaneously in BALBIc mice. Linseed oil

was also repoyted £o inhibit the growth of BN

472 tumors transplanted into subcutaneous
tissue in rats22). Cameron et aL23) found that a

diet centaining 6% Iinseed oll inhibited the

developmeRt of DMBA-induced mammary

tumors iR mice (a diet coRtaining 3% liRseed

oil was ineffective). These reports are consis-

teRt with the present finding that PO (cr-LA,

51%) inhibits DMBA-iRduced turfiorigenesis.

  To our knowledge, the present study is the

first to derflonstrate that DHA, aRother tu-3

PUFA, inhibits the development of DMBA-

induced mammary tuirnors. The preseRt
fiBdingssuggestthatDHA(FO)inhibitstumor
development (as refiected in the number and

size of tumors) more strongly than does ev-LA

Table 5. Fat£y acid composition of tumor rnicrosomal membrane lipicls
in rats fed different types of fats

Fatty Acid Corn Oil Perilla Oil Fish Oil

Saturated Fatty Acids (SFA)

l2:O <l.61!2.64a) 6.66±6.7S
14:O 2.85±l.10 3.68±2.78
16:O 20.5±1.8 20.7±2.I
18:O 11.7±2.5 11.7±3.8
Total S9.6±3.0 42.7±7.1
Monounsaturated Fatty Acids (MUFA)

16:1 2.04±O.33 2.36±O.52
18:1 22.7±2.2 21.2r!2.7
20:1 O.23±O.23 O.35±O.20
rrotal 2s.o±2.5 2S.9±3.5
co-6 Polyunsaturated Fatty Acids (co-6 PUFA)

18:2 17.2±4.0 ll.3±2.6C)
18:3 NDi)) ND20:2 O.34±O.16 020±O.I3
20:3 052±O.32 O.56±O.35
2e:4 10.5±3.6 7.76±4.83
22:4 2.28±O.91 O.51±O.32C)
22:5 1.37±O.64 O.49±O.28C)
Total 32.2±2.5 20.9±4.7C)
co-3 Polyunsaturated Fatty Acids (co-3 PUFA)

l8:3 l.32±O.90 6.33±2.43C)
20:5 O.06±O.12 1.90±I.27
22:5 O.31±OA5 2.60±1.62C>
22:6 155±O.53 1.69±O.51
Total 3.2S±l.62 12.5±2.4C)
co-31co--6 O.10!O.05 O.61±O.07C)
PISe) O.90±O.13 O.81±O.27

7,40±2.00

4.04±O.84
22.3tO.4

9.50±O.82

43.2±3.4

3.3' 7±O.47cJ)

21.}±O.93
o.2lr! oso

24.7 ± l.3

9.66±O.60c)

   ND
   ND
O.39±O.32
5.6l±O,64C)

O.24±O.l7C)

1.S9±O.24(O

l7.3 ! O.7C)

1.46±O.41d)

1.e6±o.ogc)
1.IO ! O.1sc)d)

11.2 ! 1.2c)d)

14.9±l.8C>

O.86±O.ogc)d)

O.75±O.ll

") Values are means±SD (Corn oil, n :7; Perilla oil, n==7; Fish oil, n :4).

 The values shown are percentages of the total fatty acid content.
i') ND, not detectable.

C) Significantly different from the corn oil group, p<O.05.

Cb Significantly different from the perilla oil group, p<O.05･

e) PIS, ratio of polyunsaturated fatty acids to saturated fatty acids.
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(PO) (Fig. 2B and Table 3). However, animals

in the FO group, which consumed less food

during the first week on the £est diet than did

4nimals in the PO group (Fig. I), weighed

significantly less at autepsy (Table 2). The

development of DMBA-induced rnammary
tumors is known to be closely related to food

intake: a reduction in food in£ake, particularly

wi£hin one week before or after DMBA admi-
nistration, has been shown te strongly inhibit

the development of tumors24). It is pessible,

therefore, that the lower food intake in the FO

group during this "critical peried" affected the

subsequent tumorigenesis.

  The mechanism by which tu-3 PUFA inhibit

the development ef mammary tumors is un-

known. Analysis of fatty acid composition

revealed that the co-6 PUFA in body fat and in

cellular membrane lipids can easily be replaced

by dietary tu-3 PUFA (Tables 4 and 5). DHA

was little metabolized and served as a majer

component efthe cell membraRe in the tumors

(Table 5). In contrast, afLLA was metabolized

into EPA or into other co-3 PUFA with longer

chains.

  Prostaglandin synthesized from AA seerns to

be involved ifl the growth and metastasis of

tumors, through as ye£ unknown mecha-
nisms25rm28). EPAE4)29), evmLASO)31), and DHA 32)

are known to competitively iRhibit the
biosynthesis of prestaglandin from AA. There-

fore, the changes in the fatty acid composition

of cell membranes observed in this study, may

have affected the synthesis of prostaglandin

from AA.
  The development of DMBA-induced mam-

mary tumors depeRds on prolactin and on
evarian hormones33). AA is knewn to mod-

ulate the biRding ef sex aRd steroid hormones,

such as estrogeR, proges£in, aRdrogen and
glucocorticoid, to their receptorsS4)85). Thus, it

is also likely that changes in the fatty acid

composition of cell membranes may affect

DMBA tumorigenesis by rRodulating these

hormone receptors.

              REFERENCES

 l) CarrollKK,KhorHT.Dietaryfatinrelationto
    tumorigenesis. Prog Biochem Pharmacol l975;

    le: 308-353.
2) Hirayarna T. Epidemiology of breast cancer
    with special reference to the role of diet. Prev

    Med l978; 7: 173-l95.
3) Miller AB, Kelly A, Chei NW, et al. A study of

    diet and breast cancer. Am J Epidemiol 1978;

    107: 499-509.

4) Nomura A, Henderson BE, Lee J. Breast
    cancer and diet among theJapanese in Hawaii.

    Am J CIin Nutr 1978; 31: 2020-2e25.
5) Lubin F, Wax Y, Modan B. Role of fat, animal

    proteiR and dietary fiber in breast cancer
    etiology: A case-control study. J Nati Caitcer

    Inst 1986' 77: 605-612.
           ,
6) Hopkins q, Kennedy TG, Carroll KK.
    Polyunsaturated fatty acids as promoters of

    mammary carcinogenesis iRduced in sprague-

    dawley rats by 7,12-dimethylbenz(a)anthra-

    cene. J Natl Cancer Inst l981; 66: 517-522.

7) Rogers AE, Wetsel WC. Mammary carcl-
    nogenesis in rats fed different amounts aRd

    types of fat. Cancer Res l981; 41: 8785-3737.

8) TinsleyIJ,SchmitzJA,PierceDA.Infiuenceof
    dietary fatty acids on the incidence of mam-

    mary tumors in £he C8H mouse. Cancer Res
    1981; 41: l460-1465.

9) Ip C, Carter CA, Ip MM. Requirement of
    essential fatty acid for mammary tumorigenesis

    in the rat. Cancer Res l985; 45: l997-2001.

10) KromannN,GreenA.Epidemiologicalstudies
    in the Upernavik District, Greenland: inci-

    dence of some chronic diseases I950-1974.

    Acta Med Scand 1980; 2e8: 401-406.
Il) Nielsen NH, Hansen JPH. Breast cancer in
    Greenland. Selected epidemiological, clinical

    and histological features. J Cancer Res CliR

    Oncol 1980; 98: 287-299.
I2) Jurkowski JJ, Cave WT Jr. Dletary effects of

    meRhaden oil on the growth and membrane
    lipid compositioR of rat mammary tumors. J

    Natl Cancer IRst 1985; 74: l145-l151.

13) Braden LM, Carroll KK. Dietary polyttnsatu-

    rated fat in relation to mammary carcinogene-

    sis in rats. Lipids 1986; 21: 285-288.

14) Karmali RA, Marsh J, Fuchs C. Effect of
    omega-3 fatty acids on growth of a rat mam-

    mary temor. J Natl Cancer Inst 1984; 73:

    457-461.

15) Gaber H, Abraham S. Effect of dietary
    menhaden oil on growth aitd cell loss and the



Dietary Fat aRd Mammary Tumor 87

     accumulation of mass ofa transplantable mam-

     mary adenocarcinoma in BALBIc mice.J Natl
     C3ncer Inst 1986; 76: 1223-1229.

16) Lieber CS, DeCarli LM. I986 Update. The
    feediRg of ethanol in liquid diets. Alcohol Clin

    Exp Res 1986; 10: 550-55S.
17) Folch J, Lees M, Sloanestanley GH. A simple

    method for the isola£ion and purification of
    total llpids from aRimal t}ssues. J Biol Chem

    1957; 226: 497-509.
18) Morrison WR, Sraith LM. Preparation of fatty

    acid metkyl esters aRd dimethylacetals from

    lipid with boron fluoridq-methanol.J Lipid Res

    l964; 5: 600-608.
I9) Steel RGD, Torrie JH. Principles and Proce-

    dures for Statistics. New York: MacGraw-Hill,

    1959･ llO-111.
        '
20) HoriT,MoriuchiA,OkuyamaH,SobajimaT,
    Tamiya-Koizumi K, Kojima K. E£fk)ct ofdietary
    essential fatty acids on pulmonary metastasis of

    ascites tumor cells in rats. Chem Pharm Bull

    1987; 35: 3925-8927.
21) Fritsche K]L, JohnstoR PV. Effect of dietary

    cv-linolenic acid on growth, metastasis, fatty

    acid profile and pros£aglandin production of

    two murine mammary adenocarciRomas. J
    Nutr 1990; 12e: l601-l609.
22) Kort WJ, Weijma IM, Bijma AM, van Schalk-
    wijk WP, Vergroesen AJ, Westbroek DL. Ome-

    ga--3 fatty acids inhiblting the growth of a

    transplantable rat mammary adenocarciRoma.

    J Natl Cancer Inst 1987; 79: 593-599.

23) Cameron E, Bland J, Marcuson R. Divergen£
    effects of omega-6 and omega-3 fatty acids on

    mammary tumor development in C3HIHeston
    mice treated with DMBA. Nutr Res 1989' 9:
                                       '
    383-398.
24) Sylvester PW, Aylsworth CF, van Vugt DA,

    MeitesJ.Infiuenceofunderfeedingduringthe
    "critical period" or thereafter on carcinogen--

    induced mamrr}ary tumors in rats. Cancer Res

    1982; 42: 4943-4947.

25) Carter CA, Milholland RJ, Shea W, Ip MM.
    Effect ofthe prostaglandin synthetase inhibitor

    indomethacin on 7,12-dimethylbenz(a)anthra-

    cene-induced mammary tumorigenesis in rats
    fed different leve}s of fat. Cancer Res 1983; 43:

    3559-3562.
26) Kollmorgen GM, King MM, Kosanke SD, Do
    C. Influence of dietary fat and indomethacin

    on the growth of transplantable mammary

    tuinor in rats. Cancer Res 1983; 43:
    47l4-4719.
27) Abraham S, Hillyard LA, Ef}fbct of dietary

    l8-carbon fatty acids on growth of transplant-

    able mammary adenocarcinomas in mice, J
    Natl Cancer Inst 1983; 71: 601-605.
28) Hubbard NE, Chapkin RS, Erickson KL. In-
    hibition of growth and linoleate-enhanced

    metastasis ofa transplantable mouse mammary

    tumor by indomethacin. Cancer Lett l988; 43:

    11l-120.
29) Culp BR, Titus BG, Lands WE. Inhibition of

    prostaglandin biosynthesis by ejcosapentaenoic

    acid. ProstaglandiRs Med l979; 3: 269-278.

80) Hwang DH, Boudreau M, Chanmugam P.
    Dietary linolenic acid and longer-chain n-3

    fatty acids: comparison of effects on arachido--

    nic acid metabolism in rats. J Nutr 1988; 118:

    427-437.
31) Lands WEM, LeTellier PE, Rome LH, Van-
    derhoek JY. Inhibition of prostaglandin
    biosynthesis. Adv Biosci 1973; 9: 15-28.

32) Corey IIU[, Shih C, Cashinan JR. Docosahex-

    aenoic acid is a strong inhibitor of prostaglan-

    din but not leukotriene biosynthesis. Proc Natl

    Acad Sci USA I983･ 80: 3581-3584.
                     '
33) Welsch CW, Nagasawa H. Prolactin and
    murine mammary tumorigenesis. A review.
    Cancer Res 1977' 37: 951-963.
                   '
g4) Benassayag C, Vallette G, Hassid J, Raymond

    JP, Nunez EA. Potentiation of estradiol bind-

    ing to human tissue proteins by unsaturated

    nonesterified fatty acids. Endocrinology 1986;

    118: 1---7.

35) KatoJ.Arachidonicacidasapossiblemodula-
    tor of estrogen, progestin, androgen, and
    glucocorticoid receptors in the central and

    peripheral tissues.J Steroid Biochem 1989; 34:

    219-227.


