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ABSTRACT To determine the essential fatty acid (EFA) requirements of the cat,
specific pathogen-free kittens were fed either a linoleate-deficient diet or one of two
diets containing 5% safflower seed oil (SSO) with or without 0.2% tuna oil. The diets
were fed for 82-101 weeks beginning at 3 months of age. The results showed that
linoleate is an essential fatty acid for the cat. Linoleate deficiency resulted in reduced
feed efficiency (in males), high rates of transepidermal water loss, poor skin and coat
condition, and fatty liver. These manifestations of EFA deficiency were prevented by
SSO. Tuna oil had no additional effect. Analyses of the fatty acid composition of plasma,
erythrocytes and liver lipids revealed that linoleate deficiency caused changes that were
qualitatively, but not quantitatively similar to EFA deficiency in the rat. When SSO
was provided, linoleate was elongated and desaturated at the A5position to form 20:2n6

and 20:3(5,11,14). However, there was negligible conversion of linoleate to arachidonate.
These results indicate that linoleate has specific functions as an EFA, independent of
arachidonate synthesis and prostaglandin formation. J. Nutr. 113: 1422-1433, 1983.
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All mammals require some fat in the diet.
Linoleate meets the essential fatty acid (EFA)
requirements of most mammals, including
the rat, dog and human (1). In the livers of

these species, linoleate is converted to ara
chidonate by alternating desaturation and
elongation. The known pathways for the n6
fatty acids are as follows (2):

18:3n6 - 20:3n6 20:4n6
arachidonate

22:4n6 - 22:5n6

18:2n6
linoleate

20:2n6 - 20:3(5,11,14)

where A6 stands for desaturation at the A6

position, and E stands for elongation. Al
though linoleate at 1-2% of dietary energy
cures EFA deficiency in these species, it is
not known whether linoleate alone is respon
sible for the cure or whether arachidonate,
synthesized from linoleate, is the physiolog
ically essential fatty acid (3, 4).

In 1975, Rivers and co-workers suggested
that the cat could not convert linoleate to

arachidonate (5). Cats fed purified diets con
taining linoleate but lacking arachidonate
had low levels of arachidonate in plasma
compared to cats fed commercial diets high
in arachidonate. When [l-14C]linoleate was

injected into cats, there was no evidence for
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LINOLEATE DEFICIENCY IN THE CAT 1423

incorporation of radioactivity into arachi-
donate (6). Furthermore, these authors re
ported signs of EFA deficiency in cats fed a
diet high in linoleate (25% safflower seed oil
(5, 7).

The essentiality of linoleate for the cat has
not been determined previously. The purpose
of the present study was to determine whether
linoleate, supplied by safflower seed oil, is
essential for the cat. Our results confirm that
linoleate is not significantly converted to ar-
achidonate in the cat. Nevertheless, linoleate
prevents several of the classical signs of EFA
deficiency: scaly skin, increased transepider-
mal water loss and fatty liver. These results
provide evidence that linoleate has a specific
role as an essential fatty acid independent of
requirements for arachidonate and prosta-
glandins.

MATERIALS AND METHODS

Animals

Specific pathogen-free, domestic short hair
kittens, vaccinated against panleukopenia,
were weaned onto a diet of commercial
canned and dry cat foods, then adapted to
a purified diet containing 25% chicken fat.
Kittens were housed individually in stainless-
steel cages in temperature-controlled rooms
with food and water available ad libitum. At
3 months of age, twelve female and twelve
male kittens with mean body weights (Â±SEM)
of 1053 Â±105 g and 1083 Â±59 g, respec
tively, were randomly allocated to three
groups of 8 (4 females and 4 males). For 2
weeks, kittens were fed the experimental
diets (table 1) with hydrogenated coconut oil
instead of hydrogenated beef tallow. Due to
low acceptability of diets containing hydro
genated coconut oil, hydrogenated beef tal
low was substituted after 2 weeks, and the
experiment was begun. For the determina
tion of growth rates, food intake and feed
efficiency, cats were weighed every 2 days,
and food intake was measured daily for 7
weeks. Thereafter, cats were weighed twice
weekly.

One male cat fed diet A was killed after
4 weeks of the study due to a congenital de
formity of the spine, and one male cat fed
diet C was removed from the study after 12
weeks due to weight loss of unknown cause.

TABLE 1

Composition of experimental diets

Ingredient DietAFat

source1Hydrogenatedbeef

tallow235Safflower
seed oil30Tuna

oil40Other

ingredients in A, B &CCasein5Cornstarch6Cerelose7Sucrose8Mineral

mix9Vitamin
mix10L-Methionine"L-Arginine

â€¢HClSodium
acetate12Diet

B%

byweight305034.05.467.09.06.32.30.250.50.19Diet

C29.850.2

1See table 2 for composition. 2 Hydrogenated flaked
edible tallow, Bunge Edible Oils, Fort Worth, TX. Gift
from Kal Kan Foods Inc., Vernon, CA. 3 Pacific Veg
etable Oils International, Inc., Richmond, CA. 4 Gift
from Starkist Foods Inc., Terminal Island,
CA. 5 Vitamin-free casein, U.S. Biochemical Corp.,
Cleveland, OH. 6 Melojel, food grade cornstarch. Na
tional Starch and Chemical Co., Bridgewater,
NJ. 7 Staleydex dextrose, A.E. Staley Mfg. Co., De-
catur, IL. 8 Amstar Corp., San Francisco,
CA. 9 Supplied in grams per 100 g mineral mix:
CaHPO4, 39.0; KC1, 20.0; NaCl, 14.0; CaCO3, 11.0;
K2HPO4,9.0; MgSO4, 4.5; MnSO4â€¢H20,0.384; ZnSO4â€¢
7H2O, 0.445; CuSO4-5H2O, 0.080; FeCeHsOy â€¢3H2O,
1.00; Ca5(IO6)2, 0.015; SnCl2-2H2O, 0.010; Na2SeO3,
0.003; (NH4)6Mo704â€¢4H20,0.004; CrCl3 â€¢6H20,0.026;
NiCl2â€¢6H2O, 0.030; NaF, 0.014; NH4VO3â€¢4H2O, 0.002;
NaCl, 0.487 (carrier for trace minerals). After 7 months
of the study, 14 g of NaCl was replaced with NaHCO3
and 10 g of KC1 was replaced with KHCO3 (to ensure
blood neutrality). 10Gift from the Dept. of Agricul
ture and Animal Health, Roche Chemical Division,
Hoffman-LaRoche Inc., Nutley, NJ. Supplied per kilo
gram diet: retinyl acetate, 26,054 lU; cholecalciferol,
2605 II);2-ambo-a-tocopherol, 416 lu; cyanocobalamin,
65 /ig; and in milligrams: riboflavin, 13; nicotinic acid,
130; calcium pantothenate, 26; menadione, 5.79; folie
acid, 13;pyridoxine â€¢HCl, 13; thiamin mononitrate, 31.7;
mt/o-inositol, 261; d-biotin, 1.3; ascorbic acid (as preser
vative for thiamin), 521; choline bitartrate, 8190; taurine,
975. " For the first 6 months of the study, L-methi-
onine was supplied at 0.75% to meet the requirements
for growth. 12Added to balance arginine- HCl.

All other cats were fed the experimental diets
for 82 weeks. After 62 weeks, rooms were
dehumidified to 55% relative humidity to
accentuate dermal problems. Blood samples
were taken at 0, 2, 4, 6, 10, 15, 42 and 80
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1424 MACDONALD,ROGERSANDMORRIS

weeks. Data is reported only for the initial,
10-week and 80-week samples. Males were
killed at 82 weeks for the determination of
organ weights and liver fatty acid composi
tion.

In a second study, 2 males and one female
cat were fed diet B and one male cat was fed
diet A for 101 weeks. In this experiment,
hydrogenated coconut oil replaced hydro-
genated beef tallow in the diets from 0 to 24
weeks. The room was dehumidified after 78
weeks. Because of similar body weights, clin
ical condition and blood fatty acid compo
sition, these cats were included with those of
experiment 1 for the measurements reported
in tables 4, 5 and 8.

Experimental diets

The composition of the experimental diets
is shown in table 1. Diets were prepared by
mixing the dry ingredients, then adding
melted hydrogenated beef tallow and mixing
again. Tuna oil (diet C) was mixed with saf-
flower seed oil and added last. While warm,
the diets were extruded through a meat
grinder (Hobart Mfg. Co., Troy, OH) to form
pellets, approximately 1 cm in diameter.
These were then stored under refrigeration.

The fatty acid composition of dietary fats
is shown in table 2. Hydrogenated beef tallow
provided only traces of 18:2 (0.32% of kilo-
calories), and was used to induce a linoleate
deficiency. Safflower seed oil (diets B and C)
provided linoleate (6.4% of kilocalories).
Tuna oil, which was preserved with 0.1%
ethoxyquin, provided arachidonate (0.006%
of kilocalories) and other n6 and n3 poly-
unsaturated fatty acids. The manufacturer's

analysis of tuna oil was as follows: total fatty
matter, 96%; unsaponifiables, 2%; moisture,
1%; iodine value, 130. Vitamin E was pro
vided at approximately four times the NRC
requirement (8) to ensure adequacy and to
prevent possible changes in blood fatty acids
due to vitamin E deficiency (9).

Methods

Blood samples were taken from the jugular
vein of unanesthetized cats at approximately
the same time (1000-1200 hours) on each
sampling day. None of the samples were vis
ibly lipemic. Heparinized blood was centri-

TABLE 2

Fatty acid composition of dietary fats1

Fatty acid
Hydrogenated

beef tallow
Safflower
seed oil

Tuna
oil

nl total fatty acids by weight

14:015:016:0tl6:lCl6:l17:018:0t

+ Cl8:l18:220:018:3n320:ln921:020:2n620:4n620:3n322:020:5n324:022:4n622:5n622:5n322:6n33.270.4825.60.340.662.3461.34.230.560.54â€”0.040.04â€”â€”â€”0.14â€”â€”â€”â€”â€”â€”0.11â€”6.72â€”0.10â€”2.4611.777.70.360.110.27â€”â€”â€”â€”0.19â€”0.10â€”â€”â€”â€”3.460.8119.70.776.221.885.4922.91.260.270.352.47â€”0.571.840.42â€”5.14â€”0.701.521.2922.6

1 See text for method of analysis.

fuged to obtain plasma, and erythrocytes
were washed three times with cold 0.9%
NaCl. Plasma and washed erythrocytes were
stored at â€”80Â°.Within 2 weeks of sampling,

lipids were extracted with chloroform:
methanol: water in the proportions described
by Bligh and Dyer (10) with an increased
solvent-to-sample ratio of 30:1. Butylated
hydroxytoluene (BHT, 0.05%) was added to
the solvents. Extracts were stored under ni
trogen at â€”80Â°.Methyl esters were prepared

by saponification followed by esterification
with BF3:methanol (11). Esters were ex
tracted with isooctane and analyzed by gas
chromatography on 3.0 m by 2.67 mm stain
less-steel columns packed with 10% SP-2330
on 100/120 Chromosorb W AW (Supelco
Inc., Beliefonte, PA). Analyses were per
formed at 180Â°with a Hewlett-Packard

5700A gas Chromatograph equipped with a
7671A auto sampler and 3352A laboratory
data system (Hewlett-Packard, Sacramento,
Ã‡A).A known mixture of simple triglycÃ©r
ides was used as a primary standard. Mixtures
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LINOLEATE DEFICIENCY IN THE CAT 1425

of fatty acid methyl esters (Applied Science,
State College, PA and Nu-Chek Prep, Ely-
sian, MM) were chromatographed to deter
mine retention times of the fatty acids of in
terest. In this Chromatographie system, 22:0
preceded 20:4n6; 22:ln9 emerged after
20:4n6; and 24:0 preceded 22:4n6. Values for
22:0, 22:ln9 and 24:0 are not reported. Be
cause 20:4n6 and 20:3n3 cochromato-
graphed, representative samples were also
analyzed on 15% OV-275 at 200Â°in a 6.1 m

by 2.67 mm column to determine the con
tribution of 20:3n3 to the 20:4n6 peak. The
amount of 20:3n3 was less than 0.3% by
weight in all samples tested.

Livers taken from male cats after death
were wrapped in aluminum foil, frozen in
liquid nitrogen and stored at â€”80Â°.Lipids

were extracted with chloroform:methanol
(2:1, vol/vol) containing BHT (0.05%). Lipid
extracts were analyzed for phosphorous by
the method of Bartlett (12) as modified by
Kates (13). Phospholipids were separated by
thin-layer chromatography on Silica Gel-G,
250 urn (Supelco Inc.) with hexane:
etheracetic acid (90:10:1, vol/vol/vol) as
the developing solvent. Phospholipids were
extracted by two washes with chloroform:
methanohwater (5:5:1, vol/vol/vol) contain
ing BHT. Total lipid extracts and
phospholipids were methylated and analyzed
by gas chromatography as described above.

Plasma levels of prostaglandins, PGE and
PGF, were measured at weeks 59-75 of the
study. Blood (12 ml) was collected into hep-
arinized tubes containing 1 mg indometha-
cin. Plasma was acidified with HCl (final con
centration, 0.6 N) and protein was sedi-
mented by centrifugation. Lipids were
extracted from the supernates with chloro
form. Prostaglandins were separated by col
umn chromatography on silicic acid as de
scribed by Giri and Krishna (14) and were
measured by radioimmunoassay. (Clinical
Assays, Cambridge, MA). PGE was measured
after conversion to PGB with sodium hy
droxide. The antibody cross-reactivities were
100% for PGB! and 23% for PGB2 in the PGB
assay; and 100% for PGF^ and 28% for
PGFlo in the PGF assay. Values were cor
rected for recoveries, which were calculated
by adding traces of [3H]PGE2 or

to acidified plasmas before extraction.

Basal metabolic rates of cats fasted for 24
hours were measured at weeks 61-77 of the
study by indirect calorimetry as described by
Kane, Morris and Rogers (in preparation).

Transepidermal water loss was measured
at weeks 72-88 of the study as described by
Elias and Brown (15). A stream of dry nitro
gen, which was passed over a hairless area
(1 cm2) of the pinna of the ear, was analyzed

with a Model W electrolytic moisture ana
lyzer (MEECO, Warrington, PA). The nitro
gen flow rate was kept constant at 100 ml/
minute. Values were corrected for traces of
water in the gas, and values for left and right
ears were averaged.

At the end of the study, a dermal score
was assigned to each cat as follows: 0: no
scaling of the skin; normal, glossy hair coat
with no thinning; some normal shedding. 1:
mild scaling, mainly in the sacral region;
normal hair coat and normal shedding. 2:
mild scaling as for 1; dry, dull hair coat; nor
mal shedding. 3: excessive scaling; hair coat
dull and thin; normal or excessive shedding.
4: severe scaling, not confined to the sacral
region but most severe there, with flakes 2-
3 mm in diameter; severe shedding, at least
twice the normal rate; dry hair coat.

Statistical analyses were performed on a
Burroughs B7800 computer (Detroit, MI)
(16). Analysis of variance was used to detect
significant effects of treatments, and Dun
can's multiple-range test was used to detect

which means were significantly different at
P < 0.05. For fatty acid analyses, quantities
less than approximately 0.03% by weight
were not detectable (ND in tables) and were
treated as missing data. When a fatty acid
was missing for more than one-half of the
cats in any group, the entire group was des
ignated ND in tables.

RESULTS

Growth, food intake and feed efficiency

In female cats there was no significant ef
fect of diet on mean weight gain, food intake,
feed efficiency or final body weight (table 3).
In males, weight gain and food intake were
highest in group B. When feed efficiency was
calculated, however, the values for groups B
and C were equal and almost twofold higher
than the value for group A. Thus dietary li-
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1426 MACDONALD,ROGERSANDMORRIS

TABLE 3

of source of dietary fat on weight gain, food intake and feed efficiency of kittens1'2

DietFemalesABCPooled

SEMMalesA

B
CPooled

SEMMean

wt gain
0-7weeksg/day16.1*11.7a12.5Â«1.911.7"

24.8b
17.4ab2.5Mean

food intake
0-7weeksg/day82.2a56.6a66.8"7.878.6"

99.9a
73.8a8.8Feed

efficiency
0-7weeksg

weightgaing
foodintake0.19"0.21"0.21"0.020.15a

0.26b
0.26b0.02Final

body wt
82weeksg2728a2915a2691a2263747a

4302a
4128a334

1ValÃºesare means; n = 4 except males fed diet A (n = 3).
a common superscript are significantly different, P < 0.05.

2 Means within a response criterion not sharing

noleate deficiency reduced feed efficiency in
male, but not in female cats. A reduction in
feed efficiency also occurs in EFA deficiency
in the rat (17). Despite the low feed effi
ciency of males fed diet A, final body weights
at week 80 were not significantly altered by
diet. The characteristic early plateau in body
weight observed in EFA-deficient rats (18)
was not seen in cats.

Signs of EFA deficiency

The effects of diet on transepidermal water
loss, dermal score, basal metabolic rate and
levels of plasma prostaglandins are shown in
table 4. Values for male and female cats were
not significantly different and were pooled.

Transepidermal water loss was increased
fourfold in cats fed the linoleate-deficient
diet. Rates of water loss were low in cats fed
diets containing safflower seed oil with or
without tuna oil (diets B and C). Large in
creases in water loss also occur in rats fed
linoleate-deficient diets (15).

The skin and coat condition were poor in
cats fed diet A, with a subjective dermal score
three times that of cats fed the diets con
taining safflower seed oil. The condition of
the linoleate-deficient cats deteriorated after
rooms were dehumidified. The skin of these
cats was extremely thin and friable, and one
female cat fed diet A for 85 weeks developed
spontaneous lesions over dorsal and ventral
surfaces. HistolÃ³gica! examination after 80

TABLE 4

Transepidermal water loss, dermal score, basal metabolic rate and plasma prostaglandin concentrations
in cats fed linoleate-deficient or adequate

Diet
Transepidermal

water loss
Dermal

score
Basal metabolic

rate
Plasma

PGE
Plasma

PCF

mg /(cm2 â€¢hr) kcal/wt3/4 pg/ml

1Alt measurements were made after 60 weeks of the study; number of animals in parentheses,
showing a common superscript are significantly different, P < 0.05.

pg/ml

ABCPooled

SEM0.27a

(8)0.07b
(11)0.05b

(7)0.052.2a

(8)0.7b(ll)0.2b

(7)0.386.5a

(4)86.8"
(5)94.0,

98.84.7104.3a

(4)96.5a
(7)96.5"

(5)6.162.2a

(8)63.9a
(9)74.8a

(5)6.5

2 Means not
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LINOLEATE DEFICIENCY IN THE CAT 1427

weeks revealed moderate to excessive hyper-
keratosis in all cats fed diet A, but there was
no evidence of the epidermal hyperprolifer-
ation commonly observed in EFA-deficient
rats (15). Staining with oil Red O, a neutral
lipid marker, was not less intense in linole-
ate-deficient cats, in contrast to deficient

rats (15).
The good condition of the cats fed diets

adequate in linoleate contrasts with the re
sults of Rivers et al. (5) who reported dry hair
coats and severe dandruff in cats fed purified
diets containing safflower seed oil; however,
other differences in the composition of the
purified diets make direct comparisons dif
ficult. Rivers and Frankel (19) also reported
abrasions on the hocks of cats fed a diet ad
equate in linoleate. We observed similar hock
lesions in some of the cats from each group.
Although there was a higher incidence in
group A, the lesions appeared to be due in
part to confinement in cages, because they
disappeared in cats allowed to run free in 3
m by 5 m rooms.

The basal metabolic rate, which is elevated
in EFA-deficient rats (20), was not signifi
cantly altered by linoleate status in cats.

Levels of plasma PGE and PGF were mea
sured to determine whether changes in fatty
acid composition of the diet altered endog
enous prostaglandin levels. Hwang and Car
roll reported that higher levels of prostaglan-

dins were produced in the serum of rats fed
linoleate than in EFA-deficient rats (21). In
the plasma of cats, the levels of PGE and
PGF were less than 100 pg/ml, which is a
comparable concentration to that in human
plasma (22). Circulating prostaglandin levels
were not significantly affected by diet.

Other physiological changes in EFA-de
ficient rats include a notching in electrocar
diograms (23), increased systolic blood pres
sure (24), decreased intraocular pressure (25)
and abnormal electroretinograms (26). All of
these parameters were assessed in cats fed the
experimental diets for longer than 60 weeks,
and there was no evidence of abnormal re
sponses in any of the three groups (data not
shown).

The organ weights and liver composition
of male cats are shown in table 5. Linoleate-
deficient cats had enlarged livers that showed
fat infiltration on gross pathology. Testis

TABLE 5

Organ weights and liver composition of male cats
fed experimental diets for 82-101 weeks1

MeasuresBody

wt,gLiver,%

of bodywtKidneys,%

of bodywtHeart,%

of bodywtSpleen,%

of bodywtTestes,%

of body wtDiet

A4070"3.95a1.02a0.35a0.31a0.067aDietB4266a2.32b0.93a0.28a0.26a0.083aDietC4000a2.18b0.95a0.33a0.26a0.092aPooledSEM3650.180.060.030.030.008

Liver composition:

Water, % 59.5a
Lipid,

% of wet wt 8.34a

Total lipid,
gI'100 g body wt 0.32a

Phospholipid,
% of lipid 10.7a

65.8b 66.6b 1.8

5.52ab 3.76b 1.27

0.13b 0.08b 0.04

17.7a 27.9a 5.2

1Means not showing a common superscript are sig
nificantly different, P < 0.05.

weights were lower in cats fed diet A, but
this difference was not statistically signifi
cant. The relative weights of other major
organs were not affected by diet. Histological
changes were observed in several organs of
linoleate-deficient cats, including the liver,
adrenals, adipose tissue and testis (Mac-
Donald, M. L., Anderson, B., Rogers, Q. R.
and Morris, J. G., unpublished data).

The livers of linoleate-deficient cats had
a lower water content and a 250% increase
in total lipid compared to the other groups.
The phospholipid content of liver lipid was
reduced in cats fed diet A, but this large dif
ference in means was not statistically signif
icant due to high variability among cats.

Effects of linoleate deficiency on plasma
and erythrocyte fatty acids

Changes in the fatty acid composition of
plasma and erythrocyte lipids had occurred
by 10 weeks of the study (tables 6, 7). Li
noleate deficiency resulted in a decrease in
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1428 MACDONALD,ROGERSANDMORRIS

TABLE 6

Effects of experimental diets on plasma fatty acid composition in cats1'2

Week 10 of study Week 80 of study

Pooled Pooled
Fatty acid Initial3 Diet A Diet B Diet C SEM Diet A Diet B Diet C SEM

16:016:117.018:018:118:2n618:3n620:018:3n320:ln921:020:2n620:3n920:3(5,11,14)20:3n620:4n620:5n322:4n622:5n622:5n322:6n320:3n9/20:4n620:3n9/18:ln9211

Ini, IS J,,.,%

of11.7

Â±0.21.04
Â±0.060.18
Â±0.0121.1
Â±0.27.53
Â±0.3046.0
Â±0.40.14
Â±0.030.25
Â±0.010.04
Â±0.000.25
Â±0.020.18
Â±0.030.84
Â±0.14ND40.80

Â±0.071.79
Â±0.351.46

Â±0.070.32
Â±0.060.24
Â±0.010.11
Â±0.010.11
Â±0.010.71
Â±0.05â€”â€”0.03

Â±0.00total

fatty acids bywt14.6"5.96Â»1.09a16.4a35.1"12.7a0.13"0.29a0.16a0.60a0.19a0.66a0.460.24a0.89"0.71a0.10a0.13"0.15"0.08a0.04a0.870.010.04"11.9a1'2.27b0.82b17.7ab14.5b42.4b0.21a0.27a0.05b0.30b0.06b1.22abND0.68b0.77a1.08ab0.06a0.11"0.06b0.08a0.03aâ€”â€”0.02b10.2b1.36b0.73b21.3b14.7b39.7b0.11"0.31a0.05b0.33b0.08b1.42bND0.73b0.52"1.49b0.30b0.08"0.13ab0.23b1.14bâ€”â€”0.02b1.00.350.091.52.02.60.040.040.010.070.020,210.170.080.180.110.030.010.020.020.130.290.000.00%of14.4a7.11Â»0.77Â»17.1a47.1a7.47Â»0.17Â»0.13a0.25"0.75a0.30a0.09a1.63ND1.10a0.58a0.17a0.11"0.08a0.10"b0.07a2.890.030.08"totalfattyacidsby
wt11.

5b1.68b0.60b21.2b13.8b45.3b0.23a0.19b0.13a0.25b0.08b0.73bND0.591.76a1.34b0.07a0.09Â»0.05a0.04a0.13aâ€”â€”0.03b12.6b1.59b0.70"b21.4b13.4b41.6C0.16"0.20b0.20a0.28b0.10b0.67bND0.711.27a1.53b1.53b0.16a0.12a0.16b1.59bâ€”â€”0.04b0.470.310.030.60.80.90.050.020.040.040.040.010.230.010.310.210.300.020.030.020.120.410.000.01

1 Values are means except where they are Â±SEMor pooled SEM; n = 24 for initial group; n = 7 or 8 for each
diet. 2 For each fatty acid within a period, means not sharing a common superscript are significantly different
(P < 0.05). 3 Cats were fed for 80 weeks from 3 months of age. 4 Not detectable.

linoleate (18:2n6) in erythrocytes to 50% of
the level in erythrocytes of cats fed diets con
taining safflower seed oil. By 80 weeks, the
level of linoleate had further decreased to
25% of the values for cats fed adequate li
noleate. Similar changes occurred in plasma
fatty acids. Levels of 11,14-eicosadienoate
(20:2n6) and 5,11,14-eicosatrienoate [20:
3(5,11,14)], the products of linoleate by elon
gation and A5desaturation, were also greatly

reduced in linoleate deficiency. The n7 and
n9 fatty acids, palmitoleate (16:1), oleate
(18:1) and 11-eicosenoate (20:ln9) were in
creased two- to fivefold in both the plasma
and erythrocytes of linoleate-deficient cats.
The "triene" of EFA deficiency, 20:3n9, ap

peared at low levels as early as 6 weeks of
the study and was present in all cats fed diet

A by 10 weeks. Sinclair et al. (27) and Rivers
and Frankel (28) also reported this fatty acid
in the tissues of cats fed diets deficient in
linoleate. Levels of 20:3n9 were low despite
extremely high levels of 18:1, so that the ratio
of product to precursor, 20:3n9/18:l, was
only 0.03 in the plasma and 0.10 in eryth
rocytes after 80 weeks. In contrast, Rao and
co-workers (29) reported a ratio of 0.38-0.52
in erythrocytes from rats fed linoleate-defi
cient diets for 8 weeks.

In cats fed a source of linoleate, high levels
of linoleate in erythrocytes were accompa
nied by 9-fold and 15-fold increases in 20:2n6
and 20:3(5,11,14), respectively, when com
pared to the deficient group. Similar, but less
marked increases occurred in the plasma.
The conversion of 20:2n6 to 20:3(5,11,14)
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TABLE 7

Effects of experimental diets on erythrocyte fatty acid composition in cais1'2

Week 10 of study Week 80 of study

Fattyacid16:016:117:018:018:118:2n618:3n620:018:3n320:ln921:020:2n620:3n920:3(5,11,14)20:3n620:4n620:5n322:4n622:5n622:5n322:6n320:3n9/20:4n620:3n9/18:ln920:4n6/18:2n6Initial3%

of18.3

Â±0.20.45
Â±0.020.22
Â±0.0018.2
Â±0.28.59
Â±0.1331.2
Â±0.3ND40.31

Â±0.010.03
Â±0.000.90
Â±0.03ND1.57

Â±0.05ND2.69

Â±0.131.40
Â±0.149.97
Â±0.420.39
Â±0.011.08
Â±0.041.63
Â±0.080.19
Â±0.010.29
Â±0.03â€”â€”0.32

Â±0.02Diet

Atotal

fatty18.2"3.16"1.21"12.6"27.5"17.2"ND0.29"0.091.34"0.45"0.74"0.771.87"4.05"6.72"0.54Â»0.78"1.31"0.14ND0.120.030.39"Diet

Bacids

by18.5Â»1.14b1.15"15.8b10.0b34.9bND0.29"ND0.60b0.24"2.48bND4.78b3.08"4.59b0.08b0.63"b0.77bNDN

Dâ€”â€”0.13bDiet

CWt17.6"1.05b1.13"15.6b8.2b33.4bND0.25"ND0.47b0.40"2.24bND4.50b6.72"4.44b0.72C0.55b1.01C0.140.70â€”â€”0.13bPooledSEM0.50.310.160.60.90.9â€”0.040.010.060.100.170.210.401.220.450.050.060.080.030.120.040.010.02DietA%

of17.3"3.42"0.80"14.4"34.7"9.76"0.22ND0.69"1.90"0.34"0.11"3.400.45"3.30"7.76"0.47"0.30"1.12"0.26"0.11"0.460.100.80Â»Diet

Btotal

fattyby
wt17.1"1.12b0.84"b20.

lb8.56b36.8bND0.140.25"0.45b0.08b1.69bND3.36b1.94"b6.19"0.19b0.36"0.45b0.46"0.14"â€”â€”0.17bDiet

Cacids17.9"1.05b0.96b20.3b7.99b36.0bND0.120.26"0.46b0.09b1.68bND2.88b1.50b6.59Â»0.15b0.31"0.55b0.31"1.20bâ€”â€”0.1

9bPooledSEM0.50.140.050.50.790.960.020.010.210.060.030.090.440.480.490.680.070.040.070.190.090.080.010.04

1 Values are means except where they are Â±SEMor pooled SEM; n = 24 for initial group; n = 7 or 8 for each
diet. 2 For each fatty acid within a period, means not sharing a common superscript are significantly different
(P < 0.05). 3 Cats were fed for 80 weeks from 3 months of age. 4 Not detectable.

also occurs in rat liver microsomes (30); how
ever, 20:3(5,11,14) does not accumulate in rat
tissues.

As suggested by Sinclair et al. (31) the syn
thesis of 20:3(5,11,14) indicates that the cat
is capable of elongation and A5 desaturation.

However, this pathway is a metabolic dead
end in the cat, since there was negligible syn
thesis of other polyunsaturated fatty acids
from linoleate. In the plasma, levels of y-\i-
nolenate (18:3n6), dihomo-7-linolenate
(20:3n6), 22.4n6 and 22:5n6 were not signif
icantly altered by diet. The level of arachi-
donate was significantly higher in cats fed
diets containing safflower seed oil with or
without tuna oil, but it is not known whether
this represents an increase in total arachi-
donate or simply a change in the percentage

of arachidonate due to changes in the pro
portions of different lipid classes (32). In
erythrocytes, 18:3n6 was not detectable in
most groups. The level of 20:3n6 in eryth
rocytes was highest in group A at week 80,
and the level of 22:4n6 was not significantly
different among groups at week 80 of the
study. Furthermore, feeding a source of li
noleate resulted in lower levels of arachidon
ate and 22:5n6 in erythrocyte lipids. A de
crease in arachidonate may be the result of
competition with linoleate for incorporation
into structural lipids as well as negligible con
version of linoleate to arachidonate. There
fore, the ratio of 20:4n6/18:2n6 was only 0.17
in cats fed the diet with safflower seed oil.
These results are in contrast to those obtained
in rats, in which linoleate supplementation
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results in the accumulation of arachidonate
in at least 1:1 ratio in serum (21) and greater
than a 5:1 ratio in erythrocytes (33).

In cats fed the diet containing tuna oil (diet
C), n3 fatty acids accumulated in plasma and
erythrocyte lipids. The small amount of ar
achidonate in tuna oil (table 2) did not sig
nificantly increase the level of arachidonate
in blood lipids, probably because of dispro
portionately large amounts of n3 fatty acids.
The levels of other fatty acids were similar
in cats fed diets B or C.

Effects of linoleate deficiency on
liver fatty acids

Changes in fatty acid composition as a re
sult of linoleate deficiency were more pro
nounced in liver lipids than in plasma or
erythrocyte lipids (table 8). In liver phos-

pholipids from deficient cats, linoleate de
creased to 7%, and 20:2n6 and 20:3(5,11,14)
were not detectable. Levels of 16:1, 18:1 and
20:ln9 were increased two- to fourfold. The
level of 20:3n9 was similar to that of the
erythrocytes at week 80 of the study.

High levels of linoleate (36%) in the liver
phospholipids of cats fed diets with safflower
seed oil resulted in the synthesis of 20:2n6
and 20:3(5,11,14). However, linoleate was
not converted to arachidonate in significant
quantities, since the levels of arachidonate
and other n6 fatty acids were not altered by
diet.

The total lipid of the livers of deficient cats
was highly monounsaturated, with 18:1 com
prising 61% of the fatty acids by weight. The
deposition of neutral lipids, with a lesser de
gree of unsaturation, is a well-known mani
festation of EFA deficiency in rats (34).

TABLE 8

Fatty acid composition of liver total lipid and phospholipid from male cats fed
the einerimental diets for H2-ÃŒO]weeks1'2

Phospholipid Total lipid

Fatty acid Diet A Diet B
Pooled

Diet C SEM
Pooled

Diet A Diet B Diet C SEM

of total fatty acids by wt % of total fatty acids by wt

16.016:117:018:018:118:2n618:3n620:018:3n320:ln921:020:2n620:3n920:3(5,11,14)20:3n620:4n620:5n322:4n622:5n622:5n322:6n320:3n9/20:4n620:3n9/18:l20:4n6/18.211.4"8.37*0.48Â«16.3"44.8"6.99"0.20a0.21"0.09"LIT

Ã“OS"ND3.05ND1.96"2.79Â«0.05ND0.12*0.20Â«0.13"1.170.070.41Â«8.95"2.20b0.54"21.9b17.4b36.0b0.36"0.37"0.08"0.60b0.21b1.77ND0.993.52"3.28"ND0.220.06"0.10"0.10"â€”â€”0.09b11.0"1.78b0.53"24.8b13.0b32.8b0.18"0.19"0.07"0.31b0.08b1.14ND0.643.18"4.40"ND0.190.24"0.72b4.59bâ€”â€”0.14b0.90.450.071.12.52.30.080.080.050.130.110.330.320.230.980.740.010.110.060.120.370.250.010.0313.1"13.3"0.64"4.40"61.0"3.45"0.11"ND30.13"1.22"0.72"ND0.62ND0.28"0.35"0.100.04"ND0.09"ND1.870.010.10"12.4"4.67b0.45"9.50"b30.8b36.9b0.43"ND0.12"b0.59b0.09b1.11ND0.321.29"b0.92b0.040.06"ND0.03"NDâ€”â€”0.02b14.0Â»3.27b0.58"14.5b24.5b35.4b0.33"ND0.08b0.45bO.llb0.81ND0.341.64b1.69bND0.09"ND0.30b1.79â€”â€”0.05C1.00.70.061.9.3.02.00.12_0.020.070.040.160.050.110.370.120.010.02_0.030.600.350.000.00

1Values are means except where they are pooled SEM. 2 For each fatty acid in phospholipid or in total lipid,
means not sharing a common superscript are significantly different (P < 0.05). 3 Not detectable.
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In total lipid the percentage of arachidon-
ate was lower in group A than in group B.
This difference in percentages was due solely
to dilution of arachidonate by monounsatu-
rated fatty acids, and was not a result of dif
ferences in the total amount of arachidonate
in the liver. The total amount of arachidonate
(mean Â±SEM) was calculated from the
amount of liver fat (grams/100 g body
weight) and the percentage by weight of ar
achidonate in total lipid. These values, in
milligrams of arachidonate per 100 g of body
weight, were 1.12 Â±0.19 for group A; 1.18
Â±0.32 for group B; and 1.33 Â±0.13 for group
C. These results demonstrate that the lino-
leate that accumulated in the livers of cats
fed safflower seed oil was not significantly
converted to arachidonate.

DISCUSSION

The results of this study demonstrate that
linoleate is an EFA for the cat. Cats fed the
linoleate-deficient diet had fatty livers, poor
skin and coat condition, and marked in
creases in transepidermal water loss. Basal
metabolic rates and final body weights were
not affected by linoleate status. This may be
due to the presence of some linoleate in diet
A. In addition, the cat retains linoleate at
higher levels in tissues than does the rat fed
a similar concentration of linoleate (33, 35).

The fatty acid composition of blood and
liver lipids changes in a manner that was
qualitatively, but not quantitatively, similar
to that observed in other linoleate-deficient
animals. In deficient cats, the appearance of
20:3n9, although in low concentrations, was
also a sensitive indicator of linoleate defi
ciency. The absence of this fatty acid in cats
fed diets containing safflower seed oil
prompted Rivers et al. (5) to suggest that the
A6 desaturase was absent in the cat. It now

appears that some 18:ln9 can be converted
to 20:3n9, although the activity of this path
way is indeed very low. The complete ab
sence of this fatty acid in cats fed a source
of linoleate is probably due to extremely high
levels of linoleate in tissues (35-45%). In rats,
20:3n9 is present even when linoleate is sup
plied at adequate levels, but tissue levels of
linoleate rarely exceed 15-20% (21, 33,
35, 36).

The synthesis of 20:3n9 from 18:ln9 sug
gests that the cat may also be able to syn
thesize 20:4n6 from 18:2n6, since the same
enzymes are responsible for both conversions
(2). However, we observed no significant dif
ferences in levels of arachidonate despite
marked increases in linoleate that occurred
in linoleate-supplemented cats. Apparently
the activity of this pathway is so low as to
be nearly saturated with substrate, even in
linoleate deficiency. Furthermore, the small
amount of arachidonate that could be syn
thesized must compete with extraordinarily
high levels of linoleate for incorporation into
glycerolipids (37, 38).

Sinclair et al. (27) suggested that the cat
may have the ability to desaturate polyun-
saturated fatty acids at the A8position. If so,

the increase in 20:2(11,14) (20:2n6) when
linoleate was supplied should have resulted
in an increase in 20:3(8,11,14) (20:3n6) and/
or in arachidonate [20:4(5,8,11,14)]. Instead,
20:2n6 was converted to 20:3(5,11,14) via a
A5 desaturase. Thus it appears that both the
A8 desaturase and the A6desaturase are vir
tually absent in the cat, but the A5desaturase
is present. However, the activity of the A5

desaturase may also be relatively low in the
cat, because levels of 20:3n6 in cat tissues
were similar to levels of 20:4n6. In the rat,
in which the A5 desaturase is active, levels

of 20:3n6 are extremely low unless this fatty
acid is fed (39).

The ability of the investigator to alter lev
els of linoleate and arachidonate indepen
dently in the cat makes it a useful model for
studying the specific physiological roles of
these two fatty acids. When linoleate was
supplied, there was no evidence of synthesis
of arachidonate, and levels of plasma pros-
taglandins remained unaltered. Nevertheless,
skin condition and liver fat deposition were
improved. This appears to be the first dem
onstration of the specific effects of linoleate
as an EFA, independent of arachidonate syn
thesis and prostaglandin formation.

Similar results have been reported by
Houtsmuller (40) who observed that colum-
binic acid (irans-5,cts-9,cis-12-18:3), an an
alogue of linoleate with an additional trans-
5 double bond, restores the epidermal per
meability barrier in rats but is not converted
to prostaglandins. Furthermore, in several
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studies, the administration of prostaglandins
did not correct the increased water loss of
EFA-deficient rats (41-43). Houtsmuller and
van der Beek (41) concluded that any straight-
chain, even-numbered fatty acid with cis-
n6,9 double bonds will act to maintain the
epidermal permeability barrier, and that
prostaglandins are not involved in this func
tion. Although both linoleate and arachidon-
ate were effective in the studies by Houts
muller and co-workers, Hartop and Prottey
reported that linoleate was effective but ar-
achidonate was not (42).

Although linoleate prevented several signs
of EFA deficiency in the cat, it did not meet
the requirements for normal reproduction or
spermatogenesis (MacDonald, M. L., Rogers,
Q. R., Morris, J. G. and Cupps, P., unpub
lished data). This supports the idea that ar-
achidonate has an important role in repro
duction, as suggested by Rivers and co-work
ers (5). Because of impaired arachidonate
synthesis, the cat can be deficient in arachi
donate despite a surplus of linoleate. As a
result, arachidonate is also a dietary essential
for the cat.

ACKNOWLEDGMENTS

We thank Drs. Lee West, Tony Buffington
and Peter Ihrke for veterinary care; Dr. Ed
ward Kane for measurements of basal met
abolic rates; Dr. Edward Gomez for histo
lÃ³gica!examination of skin specimens; Dr.
Peter Elias for loan of the electrolytic mois
ture analyzer; Ms. Teresa Levstik for tech
nical assistance; and Mr. A. A. Franke and
Dr. Shri N. Giri for helpful discussions.

LITERATURE CITED

1. HulmÃ¡n,R. T. (1971) Essential fatty acid defi
ciency. Prog. Chem. Fats Other Lipids 9, 275-348.

2. Sprecher, H. (1981) Biochemistry of essential fatty
acids. Prog. Lipid Res. 20, 13-22.

3. Holman, R. T. (1971) Biological activities of and
requirements for polyunsaturated fatty acids. Prog.
Chem. Fats Other Lipids 9, 607-682.

4. Aaes-Jorgensen, E. (1981) EFA-essentiality-1980.
Prog. Lipid Res. 20, 123-128.

5. Rivers, J. P. W., Sinclair, A. J. & Crawford, M. A.
(1975) Inability of the cat to desaturate essential
fatty acids. Nature (London) 258, 171-173.

6. Hassam, A. G., Rivers, J. P. W. & Crawford, M. A.
(1977) The failure of the cat to desaturate linoleic
acid: its nutritional implications. Nutr. Metab. 21,
321-328.

7. Rivers, J. P. W. & Frankel, T. L. (1980) Fat in the
diet of cats and dogs. In: Nutrition of the Dog and
Cat (Anderson, R. S., Ã©d.),pp. 67-99, Pergamon
Press, Oxford, U.K.

8. National Research Council (1978) Nutrient Re
quirements of Cats. National Academy of Sciences,
Washington, DC.

9. Stephan, Z. F. & Hayes, K. C. (1978) Vitamin E
deficiency and essential fatty acid (EFA) status of
cats. Fed. Proc. 37, 706 (abs.).

10. Bligh, E. G. & Dyer, W. J. (1959) A rapid method
of total lipid extraction and purification. Can. J.
Biochem. Physiol. 37, 911-917.

11. Metcalfe, L. D., Schmilz, A. A. & Pelka, J. R. (1966)
Rapid preparation of fatty acid esters from lipids for
gas Chromatographie analysis. Anal. Chem. 38, 514-
515.

12. Bartlett, C. R. (1959) Phosphorus assay in column
chromatography. J. Biol. Chem. 234, 466-468.

13. Kates, M. (1972) Techniques of lipidology. In:
Laboratory Techniques in Biochemistry and Exper
imental Biology (Work, T. S. and Work, E., eds.),
pp. 269-610, American Elsevier, New York.

14. Giri, S. N. & Krishna, G. A. (1980) Development
of a dual isotopes technique and two-stage column
chromatography to characterize the prostaglandin!â€¢'...I1...and thromboxane H formed by the guinea
pig lung. J. Pharmacol. Methods 4, 335-353.

15. Elias, P. M. & Brown, B. E. (1978) The mam
malian cutaneous permeability barrier: defective
barrier function in essential fatty acid deficiency
correlates with abnormal intercellular lipid deposi
tion. Lab. Invest. 39, 574-583.

16. Nie, N. H., Hull, C. H., Jenkins, J. G., Steinbrenner,
K & Bent, D. H. (1975) Statistical Package for
the Social Sciences, 2nd ed., McGraw-Hill Book Co.,
New York.

17. Burr, G. O. & Burr, M. M. (1930) On the nature
and role of the fatty acids essential in nutrition. J.
Biol. Chem. 56, 587-621.

18. Burr, G. O. & Burr, M. M. (1929) A new defi
ciency disease produced by the rigid exclusion of fat
from the diet. J. Biol. Chem. 82, 345-367.

19. Rivers, J. P. W. & Frankel, T. L. (1980) Essential
fatty acids in feline nutrition. In: Proceedings of the
Kal Kan Symposium (Wyatt, R. L., Ã©d.),pp. 48-52,
Kal Kan Foods Inc., Vernon, CA.

20. Wesson, L. G. & Burr, G. O. (1931) The metabolic
rate and respiratory quotients of rats on a fat-defi
cient diet. J. Biol. Chem. 9J, 525-539.

21. Hwang, D. H. & Carroll, A. E. (1980) Decreased
formation of prostaglandins derived from arachi-
donic acid by dietary linolenate in rats. Am. J. Clin.
Nutr. 33, 590-597.

22. Morris, H. G., Sherman, N. A. & Shepperdson,
F. T. (1981) Variables associated with radioim-
munoassay of prostaglandins in plasma. Prostaglan
dins 21, 771-788.

23. Caster, W. O. & Ahn, P. (1963) Electrocardio-
graphic notching in rats deficient in essential fatty
acids. Science 139, 1213.

24. Rosenthal, J., Simone, P. G. & Silbergleit, A. (1974)
Effects of prostaglandin deficiency on natriuresis,

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article-abstract/113/7/1422/4755510 by U

niversity of G
lasgow

 user on 14 February 2019



LINOLEATE DEFICIENCY IN THE CAT 1433

diuresis, and blood pressure. Prostaglandins 5, 435-

440.
25. Freund, H., Floman, N., Schwartz, B. & Fischer,

J.E. (1979) Essential fatty acid deficiency in total
parenteral nutrition: detection by changes in intra
ocular pressure. Ann. Surg. J90, 139-143.

26. Benolken, R. M., Anderson, R. E. & Wheeler, T. G.
(1973) Membrane fatty acids associated with the
electrical response in visual excitation. Science 182,
1253-1254.

27. Sinclair, A. J., Slattery, W., McLean, J. G. & Monger,
E. A. (1981) Essential fatty acid deficiency and
evidence for arachidonate synthesis in the cat. Brit.
J. Nutr. 46, 93-96.

28. Rivers, J. P. W. & Frankel, T. L. (1981) The pro
duction of 5,8,11-eicosatrienoic acid (20:3n9) in the
EFA deficient cat. Proc. Nutr. Soc. 40, 117A.

29. Rao, G. A., Siler, K. & Larkin, E. C. (1979) Diet-
induced alterations in the discoid shape and phos-

pholipid fatty acid compositions of rat erythrocytes.
Lipids 14, 30-38.

30. Ullman, D. & Sprecher, H. (1971) An in vitro and
in vivo study of the conversion of eicosa-ll,14-dien-
oic acid to eicosa-5,ll,14-trienoic acid and of the
conversion of eicosa-11-enoic acid to eicosa-5,11-

dienoic acid in the rat. Biochim. Biophys. Acta 248,
186-197.

31. Sinclair, A. J., McLean,]. G. & Monger, E. A. (1979)
Metabolism of linoleic acid in the cat. Lipids 14,
932-936.

32. Mead, J. F. & Fillerup, D. L. (1954) Plasma lipids
in fat deficiency. Proc. Soc. Exp. Biol. Med. 86, 449-

451.
33. Mohrhauer, H. & Holman, R. T. (1963) The effect

of dietary essential fatty acids upon composition of
polyunsaturated fatty acids in depot fat and eryth
rocytes in the rat. J. Lipid Res. 4, 346-350.

34. Alfin-Slater, R. B., Aftergood, L., Wells, A. F. &

Deuel, H. J. (1954) The effect of essential fatty
acid deficiency on the distribution of endogenous

cholesterol in the plasma and liver of the rat. Arch.
Biochem. Biophys. 52, 180-185.

35. Mohrhauer, H. & Holman, R. T. (1963) The effect
of dose level of essential fatty acids upon fatty acid
composition of the rat liver. J. Lipid Res. 4, 151-

159.
36. Lowry, R. R. & Tinsley, I. J. (1966) Oleic and

linoleic acid interaction in polyunsaturated fatty
acid metabolism in the rat. J. Nutr. 88, 26-32.

37. Nervi, A. M., Brenner, R. R. & Peluffo, R. O. (1968)
Effect of arachidonic acid on the microsomal desal-
uration of linoleic into â€¢y-linolenicacid and their

simultaneous incorporation into the phospholipids.
Biochim. Biophys. Acta J52, 539-551.

38. Brenner, R. R. & Nervi, A. M. (1965) Kinetics of
linoleic and arachidonic acid incorporation and ei-
cosatrienoic depletion in the lipids of fat-deficient
rats fed methyl linoleate and arachidonate. J. Lipid
Res. 6, 363-368.

39. Danon, A., Heimberg, M. & Oates, J. A. (1975)
Enrichment of rat tissue lipids with fatty acids that
are prostaglandin precursors. Biochim. Biophys.
Acta 388, 318-330.

40. Houtsmuller, U. M. T. (1981) Columbinic acid,
a new type of essential fatty acid. Prog. Lipid Res.
20, 889-896.

41. Houtsmuller, U. M. T. & van der Beek, A. (1981)
Effects of topical application of fatty acids. Prog.
Lipid Res. 20, 219-224.

42. Hartop, P. J. it Prottey, C. (1976) Changes in
transepidermal water loss and the composition of
epidermal lecithin after applications of pure fatty
acid triglycÃ©rides to the skin of essential fatty acid-
deficient rats. Brit. J. Dermatol. 95, 255-264.

43. Gottenbos, J. J., Beerthuis, R. K. & van Dorp, D. A.
(1967) Essential fatty acid bio-assay of prostaglan
din El in rats and mice. In: Nobel Symposium 2:
Prostaglandins (Bergstrom, S. & Samuelsson, B.,
eds.), pp. 57-62, Interscience, New York.

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article-abstract/113/7/1422/4755510 by U

niversity of G
lasgow

 user on 14 February 2019




