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This study assessed the effect of dietary flavonoids (quercetin, morin, rutin, silymarin), a simple phenolic (ferulic
acid), and vitamin E on lipid composition of selected tissues taken from chicks fed a low vitamin E, low essential
fatty acid (EFA) diet. Dietary supplementation with vitamin E had no influence on lipid classes in blood plasma,
liver, or breast muscle or on their fatty acid composition. Similarly, the phenolics had no effect on lipid classes
in these tissues but quercetin, morin, and ferulic acid had marked effects on the fatty acid composition of tissue
lipids, notably by reducing 18:1 and 20:3 n-9(triene indicator of EFA deficiency), and increasing 18:2 n-6, 20:4
n-6, and total n-6 faity acids. These phenolic antioxidants appear to have promoted the production and/or the
conservation of EFA in the EFA- and vitamin E—deficient chicks. (J. Nutr. Biochem. 6:97-103, 1995.)
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Introduction

Flavonoids are naturally occurring benzo-y-pyrone deriva-
tives widely distributed in fruits, vegetables, nuts, seeds,
flowers, and bark.! The human dietary consumption of fla-
vonoids in the United States was estimated in 1976 as about
1 g/day.? However, recent data obtained on edible parts of
foods and from food disappearance studies, using modern
HPLC analytical methods, indicate that this was a gross
overestimate. Dutch flavonoid intakes have been estimated
as only 24 to 26 mg daily.> Although flavonoids have not
been shown to have a primary metabolic function in plants,

they do appear to have a role in plant defense against dis-
ease and predation.* In animals there have been numerous
reports indicating that flavonoids can have beneficial ef-
fects. For example in humans they have been wideiy used
for providing protection against hepatoxic agents® and for
reducing capillary fragility and permeability problems

Contribution No. 2238, Centre for Food and Animal Research, Agriculture
and Agri-Food, Canada.

Address reprint requests to Dr. Kenneth Jenkins at the Center for Food and
Animal Research, Research Branch, Agriculture and Agri-Food Canada,
Ottawa, Ontario, K1A 0C6 Canada.

Received July 1, 1994; accepted September 22, 1994,

Nutritional Biochemistry 6:97-103, 1995
© Elsevier Science Inc. 1995
655 Avenue of the Americas, New York, NY 10010

Some beneficial effects of flavonoids have been found in
lipid mctabollsm apparently related to their antioxidant
properties.® These have included a reduction of serum lipids
and cholesterol, 78 protection against peroxidation in human
platelets,” and mhlbmon of lipoxygenase and prostaglandin
synthetase activities.® There are also regorts of flavonoids
altering arachidonic acid metabolism.'® In view of these
later reports on lipid effects, we utilized an ongoing inves-
tigation on the protective efficacy of dietary flavonoid an-
tioxidants against nutritional muscular dystrophy in vitamin
E (antioxidant)—deficient chicks!! to study whether these
flavonoids altered lipid metabolism, as indicated by
changes in lipid composition of selected tissues. Seven of
the 10 treatment groups in the feeding experiment were
chosen to provide blood plasma, liver, and breast muscle
samples at the end of the 33-day feeding period. Analyses
included lipid classes and composition of fatty acids in the
major lipid classes of the blood plasma and tissues col-
lected.

Methods and materials
Animals, diets, tissue samples

Seventy 1-day-old unsexed chicks (Centre for Food and Animal
Research meat strain 31; Chambers et al.'?) were utilized for this

0955-2863/95/810.00
S$SDI 0955-2863(94)00018-H



Research Communications

study. Housing consisted of electrically heated wire-floored bat-
tery brooders, with 23 hr of light provided daily. Feed and water
were provided for ad libjitum consumption. A commercial starter
ration was fed for the first 3 days, the birds randomized into lots
of 10 chicks each, and then fed the various treatment diets for 33
days. The composition of the basal diet is shown in Table 1. The
linoleic acid content was low to prevent the development of en-
cephalomalacia in addition to muscular dystrophy. The dietary
treatments were: basal diet, ferulic acid, morin, quercetin dihy-
drate, rutin trihydrate, silymarin, and a natural source of vitamin
E as d-a-tocopheryl acetate. Ferulic acid is not a flavonoid but a
simple phenolic; it was included as it is also a phenolic antioxidant
that occurs commonly in plant foods and feeds. The flavonoids
and simple phenolic were fed at the 1,000 ppm level in view of the
report by Machtin et al.'® that antioxidants, other than vitamin E,
were required at this concentration to prevent muscular dystrophy
in the chick. This was not an abnormally high intake for chicks as
the concentration of polyphenolics in natural poultry grower ra-
tions frequently reaches 900 ppm'' for humans in the United
States, which would be about 2,000 ppm dietary flavonoids if the
old intake estimate of 1 g of flavonoids/day,> is used. However,
our 1,000 ppm level would be high for humans if the average daily
intake of flavonoids for all humans is in reality close to the recent
Dutch domestic estimate of only 24 to 26 mg daily.’

At the end of the experiment, blood samples were collected in
heparinized tubes and centrifuged for plasma. The birds were
killed by CO, asphyxiation and samples were taken of liver and
breast muscle. Plasma and tissues were stored at —25°C. Scoring
of birds for incidence and severity of nutritional muscular dystro-
phy were as described.!!

Lipid analyses

Liver and muscle samples were frozen and pulverized at dry ice
temperature and then extracted with chloroform:methanol (2:1)
according to Kramer and Hulan.'* All the lipid classes were sep-
arated by thin-layer chromatography using silica gel H coated

Table 1 Composition of low vitamin E basal diet and fatty acid
composition of dietary lard

Fatty acids™

Ingredients Weight % Type Weight %
Glucose 66.2 14.0 1.2
Casein, vitamin free 20.0 16:0 24.8
Cellulose 3.0 16:1 n-9 2.5
Lard, vitamin E-stripped 4.0 18:0 155
Giycine 0.6 18:1 n-9 40.8
L-arginine - HCI 1.0 — —
Salts, premix, macrot 4.0 18:2 n-6 8.7
Salts, premix, microf 0.2 18:3 n-3 0.26
Vitamin premix§ 1.0 20:4 n-6 0.13

*Relative abundance of fatty acids with minor fatty acids not in-
cluded. Number of carbon atoms: number of double bonds, n-x
where n is the chain length of the fatty acid, and x is the number of
carbon atoms from the last double bond to the terminal methyl end.
+Macro salts mixture (g/100 g of diet): CaHPO, - 2H, O1 .87, CaCQgq
0.65; KH,PO, 0.69; MgO 0.08; NaCli 0.60.

Micro salts mixture (mg@/100 g of diet): FeSO, - 7TH,O 41.4,
MnSO, - H,O 33.3; Kl 0.26; CuSO, ' 5H,0 1.67; ZnO 6.0;
Na,SeQ, - 10H,0 0.047.

§Vitamin premix (mg/100 g of diet): niacin 5; calcium pantothenate
2; thiamine - HCI 1; riboflavin 1; pyridoxine - HCI 0.45; folic acid 0.4,
menadione 0.05; D-biotin 0.02; vitamin B,, 0.002; vitamin A palmi-
tate 500 1U; vitamin D5 38 ICU; choline chioride 150.

98 J. Nutr. Biochem., 1995, vol. 6, February

plates,’® and identified after spraying the plates with 2',7'-

dichlorofluorescein. The corresponding spots were scraped off,
methyl heptadecanoate was added as an internal standard, and they
were transmethylated directly using anhydrous HCl/methanol (5%
by weight). The resulting methyl esters were analyzed by gas
liquid chromatography. '® The liver classes analyzed in the plasma,
liver, and muscle samples were phosphatidylcholine (PC), choles-
terol, cholesterol esters (CE), triglycerides, sphingomyelin, free
fatty acids, lysophosphatidylcholine, phosphatidylethanolamine
(PE), phosphatidylinositol, phosphatidylserine, and cardiolipin.
The fatty acid composition. of lipid classes was determined for
plasma PC, CE, liver and muscle PC, and PE.

Statistics

A randomized, one-way design was used with treatments com-
posed of seven dietary treatments of 10 chicks each. Data were
subjected to ANOVA and treatment means separated by Duncan’s
multiple range test'” using 5% probability.

Results

The lipid classes analyzed for plasma, liver, and muscle
samples are not presented as there were no changes in their
concentrations (P > 0.05) as a result of the flavonoid, sim-
ple phenolic, or vitamin E treatments.

The concentrations of fatty acids in various tissue lipids
are presented in Tables 2, 3, and 4. As the main effects of
the treatments were on the concentrations of the unsaturated
fatty acids (UFA), the fatty acids are presented in the se-
quence in which they occur in the metabolic pathways for
UFA (Figure 1).

There were virtually no differences in the tissue and
plasma lipid fatty acid composition data between the low
vitamin E basal and the vitamin E-supplemented group (Ta-
bles 2, 3, and 4) indicating that vitamin E deficiency and the
development of muscular dystrophy did not affect the for-
mation of UFA and the uptaké of fatty acids in general.
There were, however, very consistent and striking effects of
quercetin, morin, and ferulic acid on the fatty acid compo-
sition of the tissue lipids analyzed (Tables 2, 3, and 4).
Their effects were also similar within each fatty acid series.
For example in the n-9 series there was a definite reduction
in 18:1 and in most instances lowered 20:2, and 20:3. This
suggests a reduction in A9-desaturase activity (which forms
18:1) and reduced activity of the desaturases and elongases
that form the subsequent n-9 fatty acid metabolites. In the
n-6 series, the quercetin, morin, and ferulic acid treatments
increased the 18:2 and 20:3 fatty acids, and total n-6 fatty
acids for all six lipids analyzed. The most marked increases

‘were for 18:2 and 20:4 in muscle PE and liver PE, and total

n-6 fatty acids for all six lipids. The 22:4 and 22:5 fatty
acids, which were in low concentrations in all lipids, were
generally increased. The 18:3 fatty acid, also in low con-
centrations, was increased in plasma CE. The results indi-
cate increased incorporation of the 18:2 n-6 precursor and
enhanced production of the n-6 UFA metabolites. The n-3
series fatty acid concentrations were very small because of
the low dietary intake of 18:3 n-3 (0.01% of diet, Table 1).
However, as was found for the n-6 series, there was a
tendency for the quercetin, morin, and ferulic acid treat-
ments to increase the n-3 UFA in many of the lipids. The



Table 2 Fatty acid composition of blood plasma phosphatidylcholine and cholestery! esters*

Flavonoids and fatty acids: Jenkins and Atwal

Fatty Acids
Dietary 16:1 18:1 20:2 20:3 22:3 18:2 18:3 20:3
Treatments 16:.0 n-7 18:0 n-9 n-9 n-9 n-g n-6 n-6 n-6
Plasma PC
Basal 23.0 0.04 21.3° 39.2° 0.35% 6.22 0.14 0.63° 0.02 0.27°
Ferulic acid 23.9 0.03 27.5% 29.6° 0.19° 4.2° 012 4.4° 0.04 1.02
Morin 20.8 0.04 23.7° 32.3° 0.23° 5.3° 0.15 5,220 0.05 1.3
Quercstin 214 0.03 24.1° 31.¢° 0.20° 5.0%¢ 0.14 5.6% 0.06 1.5
Rutin 21.2 0.06 20.6° 4232 0.35% 4.9 0.12 0.59° 0.02 0.24°
Silymarin 23.8 0.05 19.6¢ 39.52 0.302 6.42 0.14 0.83° 0.03 0.30°
Vitamin E 21.8 0.05 20.5¢ 41,22 0.342 6.4° 0.13 0.50° 0.02 0.19°
SE 1.2 0.01 0.8 24 0.02 0.3 0.01 03 0.01 0.05
Plasma CE
Basal 12.8 0.09 4.0 65.92 0.07 0.66°° 0.0 1.3 0.05° 0.19°
Ferulic acid 131 0.08 38 53.9° 0.03 0.56¢° 0.0 12.12 0.262 0.992
Morin 144 0.12 40 51.7° 0.06 0.54¢ 0.0 12.22 0.242 0.972
Quercetin 138 0.10 4.4 53.5P 0.06 0.58°%¢ 0.0 13.1% 0.2¢* 1.28
Rutin 117 0.11 32 66.5% 0.05 0.67° 0.0 1.2 0.05° 0.17°
Sitymarin 126 0.08 3.6 65.8* 0.09 0772 0.0 2.0° 0.09° 0.23°
Vitamin E 12.0 0.09 3.3 67.82 0.06 0.64°° 0.0 1.3° 0.05° 0.21°
SE 09 0.02 0.5 2.2 0.02 0.03 — 0.4 0.02 0.04
Fatty Acids
Dietary 20:4 22:4 225 Sum 18:3 20:5 22:5 226 Sum Ratio
Treatments n-6 n-6 n-6 n-6 n-3 n-3 n-3 n-3 n-3 triene:AAT
Plasma PC
Basal 0.38° 0.05° 0.07° 1.5¢ 0.01 0.10 0.03° 0.16° 0.40° 16.3°
Ferulic acid 1.20 0.13° 0.132 7.28 0.02 0.11 0.04° 0.19%° 0.60° 3.5¢
Morin 1.9 0.20°% 0.17¢ 9.1 0.04 0.14 0.072 0.26%° 0.82# 2.8°
Quercetin 1.9 0.212 0.15% 9.8° 0.02 0.16 0.09® 0.29% 0.86% 26°
Rutin 0.25° 0,04¢ 0.03° 1.4° 0.01 0.11 0.03° 0.12¢ 0.37° 19.6°
Silymarin 0.35° 0.06° 0.05° 1.8¢ 0.01 0.14 0.03° 0.12° 0.39° 18.3°
Vitamin E 0.23° 0.03¢ 0.03° 1.2° 0.01 0.09 0.02° 0.10° 0.32° 2782
SE 0.1 0.02 0.02 0.4 0.008 0.03 0.01 0.03 0.04 186
Plasma CE
Basal 0.19° 0.0 0.0 1.8° 0.03° 0.10° 0.0 0.0 0.28° 3.5°
Ferutic acid 0.75° 0.0 0.0 14.22 0.172 0.192 0.0 0.0 0.46° 0.75°
Morin 0.80° 00 0.0 14.22 0.132 0.17%® 0.0 0.0 0.612 0.68°
Quercetin 0.872 0.0 0.0 15.6% 0.152 0.22°2 0.0 0.0 0.47° 0.67°
Rutit 0.13% 0.0 0.0 1.5P 0.04° 0.11° 0.0 0.0 0.49° 522
Silymarin 0.20° 0.0 0.0 2.5° 0.03° 0.14% 0.0 0.0 0.27¢ 3.9°
Vitamin E 0.18° 0.0 0.0 1.7° 0.03° 0.212 0.0 0.0 0.38°¢ 3.6°
SE 0.04 — — 1.1 0.02 0.03 — — 0.04 0.2

*Values are means for 10 chicks/dietary treatment with samples run in duplicate. Relative abundance of the major fatty acids in weight percent.

Fatty acid notation is number of carbon atoms: number of double bonds (omega notation). Values in the same column without a common
superscript are significantly different (P < 0.05) based on ANOVA and the Duncan test. SE = standard error of mean.

1Ratio of 20:3 n-9 (triene) fo 20:4 n-6 (arachidonic acid).

sum n-3 values were increased significantly (P < 0.05) for
all lipids analyzed.

The incidence and relative severity of muscular dystro-
phy were: controls 10/10, 3.8; ferulic acid 7/10, 1.9; morin
7/10, 1.7; quercetin 6/10, 2.1; rutin 10/10, 4.0; silymarin
10/10, 3.1; and vitamin E 0/10, 0.0 (scoring methods given
in original paper''). Thus, ferulic acid, morin, and querce-
tin, the treatments that caused differences in fatty acid com-
position of tissue lipids, also provided partial protection
against muscular dystrophy. At the same time, however,
vitamin E provided complete protection against the disorder

but caused no fatty acid changes. This would suggest that
complete protection by vitamin E and partial protection by
the flavonoids might have resulted from different mecha-
nisms, or that flavonoid protection against dystrophy was
not related to the lipid compositional changes.

The basal diet fed was chosen because of its reliability in
promoting the development of muscular dystrophy in
chicks.!! The linoleic acid (18:2 n-6) content of the diet,
supplied mainly by the vitamin E-stripped lard, was found
by analysis as 0.35%, considerably lower than the 0.8%
requirement level suggested by Watkins.'® The low linoleic
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Table 3 Fatty acid composition of liver phosphatidylcholine and phosphatidylethanolamine*

Fatty Acids
Dietary 16:1 181 20:2 20:3 22:3 18:2 18:3 20:3
Treatrments 16:0 n-7 18:0 n-9 n-9 n-9 n-9 n-6 n-6 n-6
Liver PC
Basal 22.7 0.08 17.7¢ 43.5°2 0.312 4.0° 0.08 0.48° 0.04° 0.18°
Ferulic acid 215 0.06 2213 35.3° 0.20° 3.1k 0.08 472 0.08° 1.28
Morin 225 0.07 21.0%¢ 34.4° 0.24° 3.2° 0.09 4.42 0.04° 1.3
Quercetin 20.8 0.04 23.72 33.1° 0.20° 3.5° 0.1 5.7 0.122 1.62
Rutin 21.7 0.07 19,200 44.0° 0.30° 2.9° 0.06 0.58° 0.03° 0.19°
Silymarin 22.2 0.07 17.8%d 43.02 0.342 4.8° 0.10 0.82° 0.05° 0.28°
Vitamin E 229 0.08 17.2¢ 4427 0.312 4.12 0.09 0.70° 0.05° 0.22°
SE 14 0.02 11 2.0 0.02 0.2 0.02 0.4 0.01 0.1
Liver PE
Basal 11,530 0.05 21.5° 33.8° 0.522 14.42 0.28 0.90° 0.04 0.33°
Ferulic acid 9.8° 0.03 29,72 20.9° 0.26° 6.2° 0.32 6.92 0.07 1.52
Morin 10.2° 0.05 30.9% 20.0° 0.25° 5.7¢ 0.34 6.22 0.05 1.32
Quercetin 9.6° 0.02 32.82 17.8° 0.24° 5.3° 0.32 7.22 0.09 1.56°
Rutin 12.22 0.04 22.2b 3532 0.492 11.3° 0.23 1.2° 0.03 0.37°
Silymarin 11.33° 0.03 23.2° 31.42 0.522 14.6@ 0.30 1.5° 0.08 0.43°
Vitamin E 11.43° 0.04 23.1b 33.72 0.472 13.6° 0.30 1.10 0.03 0.33°
SE 0.7 0.01 1.4 1.8 0.03 0.7 0.02 0.5 0.02 0.07
Fatty Acids
Dietary 20:4 22:4 22:5 Sum 18:3 20:5 22:5 22:6 Sum Ratio
Treatments n-6 n-6 n-6 n-6 n-3 n-3 n-3 n-3 n-3 triene:AAT
Liver PC
Basal 0.33° 0.02¢ 0.04¢ 1.1® 0.01 0.10° 0.02° 0.14° 0.34¢ 12.12
Ferulic acid 1.62 0.13° 0.16° 8.22 0.02 0.142 0.062 0.33° 0.73° 1.9°
Morin 1.92 0.11° 0.27@ 8.22 0.03 0.142 0.042 0.34° 0.72° 1.7°
Quercetin 2.3 0.202 0.21b 10.42 0.01 0.162 0.082 0.492 0.972 1.5°
Rutin 0.33° 0.02°¢ 0.03° 1.2° 0.01 0.10° 0.02° 0.08° 0.27¢ 8.82
Silymarin 0.49° 0.03° 0.06° 1.7° 0.01 0.11° 0.02° 0.14¢ 0.39¢ 982
Vitamin E 0.38° 0.02¢ 0.05° 1.4° 0.01 0.11° 0.02° 0.14¢ 0.32¢° 10.82
SE 0.2 0.01 0.02 0.7 0.006 0.01 0.007 0.03 0.04 1.3
Liver PE
Basal 52° 0.07° 0.11° 6.6° 0.03 0.39° 0.05° 0.45° 1.2° 2.82
Ferulic acid 13.12 0.34° 0.38°2 22.3° 0.02 0.572 0.16% 0.932° 2.1 0.47°
Morin 12.52 0.40° 0.44° 21.0% 0.04 0.46° 0.162 0.68° 1.82 0.46°
Quercetin 15.22 0.412 0.39° 24,92 0.02 0.562 0.21@ 1.052 2.32 0.35°
Rutin 51° 0.07° 0.09° 6.9° 0.02 0.40° 0.06° 0.36° 1.1° 228
Silymarin 5.7° 0.09° 0.12° 7.9° 0.01 0.41° 0.07° 0.45° 1.2° 2.62
Vitamin E 4.7° 0.06° 0.12° 6.4° 0.04 0.41° 0.05° 0.43° 1.2° 2.98
SE 1.3 0.03 0.02 1.6 0.008 0.03 0.02 0.1 0.2 0.3

*Values are means for 10 chicks/dietary treatment with samples run in duplicate. Relative abundance of the major fatty acids in weight percent.
Fatty acid notation is number of carbon atoms: number of double bonds (omega notation). Values in the same column without a common
superscript are significantly different (P < 0.05) based on ANOVA and the Duncan test. SE = standard error of mean.

1Ratio of 20:3 n-9 (triene) to 20:4 n-6 (arachidonic acid).

acid content was necessary to avoid the development of
encephalomalacia and dystrophy together. The symptoms
of essential fatty acid (EFA) deficiency have been described
as: retarded growth, increased water consumption, reduced
resistance to disease, enlarged liver, elevated concentra-
tions of eicosatrienoic acid (triene; 20:3 n-9) and reduced
arachidonic acid (20:4 n-6) in tissues.'® Of these we only
studied the effect of the diets on 20:3 n-9 and 20:4 n-6
concentrations in tissue lipids. However, these results (Ta-
bles 2, 3, and 4) did provide strong evidence that the chicks
were EFA-deficient and the effects of the quercetin, morin,
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and ferulic acid on fatty acid composition should be con-
sidered in that light. The 20:3 n-9 concentrations in the
lipids were very high, relative to low 20:4 n-6, resulting in
high 20:3 n-9 to 20:4 n-6 ratios, indicative of EFA defi-
ciency. Holman'® has suggested that EFA deficiency is
present when the ratio in tissue lipids exceeds 0.4. The
quercetin, morin, and ferulic acid treatments markedly re-
duced this ratio for all lipids analyzed (Tables 2, 3, and 4),
mainly by increasing 20:4 n-6 synthesis but also to some
extent by reducing 20:3 n-9. This suggests that these com-
pounds may have the potential to reduce EFA deficiency in
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Table 4 Fatty acid composition of breast muscle phosphatidylcholine and phosphatidylethanolamine*

Fatty Acids
Dietary 16:1 18:1 20:2 20:3 22:3 18:2 18:3 20:3
Treatments 16:0 n-7 18:0 n-9 n-9 n-9 n-9 n-6 n-6 n-6
Muscle PC
Basal 26.6 0.13 7.2 49.62 0.29° 1.3 0.17 0.84¢ 0.02 0.24°
Ferulic acid 25.4 0.1 7.4 43.5° 0.20° 1.1 0.19 5.8° 0.05 1.02
Morin 313 0.1 8.1 38.7¢ 0.19° 1.2 0.20 5.6 0.04 1.02
Quercetin 28.7 0.08 75 38.1¢ 0.20° 1.4 0.22 7.3 0.06 1.48
Rutin 295 0.13 65 48.62 0.24%° 0.7 0.13 1.1° 0.02 0.19°
Silymarin 28.6 0.15 6.3 47.8% 0.312 1.1 0.14 1.1¢ 0.02 0.25°
Vitamin E 306 0.13 6.7 49,32 0.25%° 08 0.13 0.90¢ 0.03 0.19°
SE 2.0 0.03 0.8 1.5 0.03 0.2 0.04 04 0.01 0.2
Muscie PE
Basal 6.8 017 13.0° 35.42 0.742 10.32 1.1 1.4° 0.08 0.69°
Ferulic acid 8.4 0.12 19.32 25.8° 0.39° 4.5¢ 0.90 6.18 0.05 1.48
Morin 7.2 0.15 18,730 26.2° 0.41° 4.9° 1.0 572 0.05 1.42
Quercetin 6.4 017 17.9%° 25.6° 0.40° 53° 1.1 592 0.05 1.6%
Rutin 6.6 0.14 15.3%¢ 38.12 0.702 7.8° 0.82 2.0° 0.08 0.69°
Silymarin 6.4 0.14 13.6° 35.72 0.752 8.6%° 1.0 1.6° 0.09 0.60°
Vitamin E 8.6 0.12 13.2¢ 39.0° 0.662 8.3%° 0.80 1.6° 0.08 0.56°
SE 0.8 0.03 1.3 1.9 0.02 0.7 0.1 0.5 0.01 0.1
Fatty Acids
Dietary 20:4 22:4 22:5 Sum 18:3 20:5 225 22:6 Sum Ratio
Treatments n-6 n-6 n-6 n-6 n-3 n-3 n-3 n-3 n-3 triene:AAT
Muscle PC
Basal 0.20° 0.05¢° 0.03° 1.4¢ 0.0 0.10° 0.06° 0.13%® 0.31°4 6.62
Ferulic acid 0.672 0.17° 0.08° 7.9° 0.03 0.15% 0.09° 0.16? 0.562 1.7°
Morin 0.71® 0.19° 0.09? 7.8° 0.03 0.12%¢ 0.08° 0.113° 0.45° 1.6°
Quercetin 1.12 0.23* 0.05° 10.42 0.04 0.19® 0.12® 0.15% 0.65° 1.3°
Rutin 0.14° 0.03¢ 0.02° 1.5° 0.01 0.10° 0.04¢ 0.05° 0.28¢ 472
Silymarin 0.18° 0.05° 0.02° 1.7¢ 0.01 0.09¢ 0.04¢ 0.08%° 0.22° 6.02
Vitamin E 0.12° 0.03° 0.02° 1.3¢ 0.02 0.09° 0.05° 0.08%° 0.38¢ 6.6
SE 02 0.01 0.01 08 0.007 0.01 0.007 0.02 0.03 0.8
Muscle PE
Basal 3.9° 0.44° 0.23° 6.8° 0.02 0.43° 0.34¢ 0.85 1.9° 2.6%
Ferulic acid 7.1 0.892 0.313 15.8% 0.05 0.67° 0.54° 0.95 2,72 0.64°
Morin 8.62 1.22 0.36 17.42 0.05 0.67° 0.64% 0.92 2.8 0.57¢
Quercetin 8.6 1.02 0.372 17.6% 0.03 0.832 0.67% 1.1 3.2@ 0.62°
Rutin 3.2° 0.32P 0.16° 6.4° 0.02 0.47° 0.26° 0.67 1.6° 2.2
Silymarin 3.3° 0.35° 0.17° 6.1° 0.05 0.46° 0.27¢ 0.70 1.7° 2.9%
Vitamin E 2.7° 0.27° 0.12° 5.20 0.02 0.44° 0.24° 0.50 1.3° 3.2
SE 04 0.09 0.03 1.3 0.009 0.05 0.03 01 0.2 0.2

*Values are means for 10 chicks/dietary treatment with samples run in duplicate. Relative abundance of the major fatty acids in weight percent.
Fatty acid notation is number of carbon atoms: number of double bonds (omega notation). Values in the same column without a common
superscript are significantly different (P < 0.05) based on ANOVA and the Duncan test. SE = standard error of mean.

TRatio of 20:3 n-8 (triene) to 20:4 n-6 (arachidonic acid).

chicks. On the other hand, these treatments did not improve
weight gains over the controls; in fact none of the dietary
treatments affected weight gains, feed intake, or feed effi-
ciency.!

Discussion

There were two main objectives of this feeding study with
flavonoids. The first was to determine whether commonly
occurring food flavonoid antioxidants would alter the de-
velopment of nutritional muscular dystrophy (NMD), a con-

dition arising in chicks from vitamin E (antioxidant) defi-
ciency. It was found that quercetin, morin, and ferulic acid
provided partial protection against the disorder.’! The sec-
ond objective, pursued in the present study, was to inves-
tigate reports that flavonoids can affect lipid metabolism in
animals.*® The diet fed to produce NMD required not only
a low vitamin E content but a low concentration of EFA
(about 45% of requirement) to prevent the onset of enceph-
alomalacia as well as dystrophy.

In contrast to reports’'® that dietary flavonoids can re-
duce serum triglycerides and cholesterol in animals, we
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16:2 n-7 18:2 n-9 18:3 n-6 18:4 n-3
gamma-finolenic
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18:2 n-7 20:2 n-9 20:3 n-6 20:4 n-3
dihomo-gamma-
linolenic
AS-
desaturase
18:3 n-7 20:3 n-9 20:4 n-6 20:5 n-3
arachidonic eicosapentaenoic
CZO_
elongase
20:3 n-7 22:30n-9 22:4 n-6 22:5n-3
adrenic
Ad-
desaturase
20:4 n-7 22:4 n-9 22:6 n-6 22:6 n-3

Figure 1 Major metabolic pathways for the unsaturated fatty acids
showing location of desaturase and elongase activities.

found that none of the flavonoids or simple phenolic (ferulic
acid) altered chick serum lipids or lipid classes in liver and
muscle. It was also found that vitamin E deficiency did not
alter blood and tissue lipid classes or their fatty acid com-
position. However, quercetin, morin, and ferulic acid (but
not rutin or silymarin) produced striking changes in the fatty
acid composition of the tissue lipids, with the main effects
on the UFA which were formed metabolically by the de-
saturase and elongase reactions. These enzymes act prefer-
entially on the n-3 family of fatty acids, then the n-6, and
finally the n-9 family.'® In EFA deficiency, where there are
low concentrations of n-3 and n-6 fatty acids in tissue lipids,
the emphasis is on n-9 fatty acid metabolism and an ele-
vated production of the triene 20:3 n-9.'° This occurred in
this study indicating that indeed the chicks were EFA defi-
cient. The unexpected finding was that two flavonoids
(quercetin, morin) and the simple phenolic (ferulic acid)
acted toward reversing this process. The production of most
of the n-9 fatty acid metabolites in plasma and tissue lipids
was decreased and the n-6 fatty acid metabolites increased.
Particularly notable was an increased uptake of the 18:2 n-6
(linoleic acid) UFA precursor in all lipids and 20:4 n-6
(arachidonic acid) in liver PE and muscle PE. The n-3 fatty
acid metabolites only occurred in trace amounts in the lipids
because of the very low dietary level of 18:3 n-3 (linolenic
acid) but they also showed an obvious tendency to be in-
creased.

Thus it appears from this study that quercetin, morin,
and ferulic acid tend to promote the production of and/or
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conserve EFA in the vitamin E-EFA-deficient chick.
Whether this phenolic effect on fatty acid composition also
occurs in vitamin E adequacy is presently under investiga-
tion. It is notable that rutin did not affect fatty acid com-
position but quercetin did although rutin is simply a glyco-
side of quercetin. This suggests that the chicks either did not
absorb rutin to any extent or were ineffective in hydrolyzing
the glycosidal bond. We tested only a few flavonoids in this
study; it would be of interest to investigate whether some of
the numerous other common food and feed phenolic antiox-
idants have a similar effect as quercetin, morin, and ferulic
acid on EFA metabolism.

As our study showed that flavonoids can increase tissue
lipid arachidonic acid, it is interesting that there are reports
that flavonoids can influence the availability and metabo-
lism of arachidonic acid.'® In vitro studies have shown that
several flavonoids including quercetin can inhibit phospho-
lipase A, which is primarily responsible for the hydrolysis
and release of arachidonic acid from membrane phospho-
lipids and also inhibits 5-lipoxygenase which produces the
leukotrienes from arachidonic acid. It was suggested'® that
the well-known antiinflammatory activity produced in ani-
mals by quercetin and some other flavonoids resuits from
the inhibition of the proinflammatory 5-lipoxygenase me-
tabolites of arachidonic acid. Thus, the higher lipid arachi-
donic acid concentrations produced by dietary flavonoids
and the simple phenolic in our study might have been re-
lated to reduced release of arachidonic acid from lipids and/
or a lowered utilization of the fatty acid either for ei-
cosanoid production or for use as a source of energy.
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