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Polyenylphosphatidylcholine is a choline-glycerophospholipid containing up to 80 of total fatty acids
as linoleic acid and may be an important factor in ensuring normal functioning of cell membranes. We
tested the effect of a polvenviphosphatidylcholine-supplemented diet and compared it with both a trilinolein-
supplemented and a laboratory chow diet on the fatuy acid composition, microviscosity, and delta-6-
desaturase activity of liver microsomal membranes of 12-month-old rats, in the absence or presence of
oxidative stress induced by adriamycin. Polvenylphosphatidvicholine- and trilinolein-supplemented diets
showed a similar increase in linoleic acid content and delta-6-desaturase activity in liver microsomes,
indicating that low amounts of linoleic acid are able to partially restore the enzyme activity in old rats,
independent of the source of linoleic acid. After adriamycin treatment, delta-6-desaturase activity increased
in polvenviphosphatidvicholine and trilinolein groups, indicating a protective mechanism against the dam-
age induced by polyunsaturated fatty acid peroxidation. The measurement of malondialdehyde production
showed a protective effect on adriamycin-induced lipid peroxidation by polyenyiphosphatidvicholine sup-
plementation only. Microsomal membrane microviscosity did not change independent of diet and adriamy-
cin treatment, suggesting that the response of microsomes o lipid peroxidation might be the maintenance
of a given membrane order. Administration of polvenylphosphatidylcholine can prevent or minimize the

liver damage induced by adriamycin treatment. (J. Nutr. Biochem. 4:690-694, 1993.)
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Introduction

In the naturally occurring mammalian phosphatidylcho-
linc (PC, lecithin) the unsaturated fatty acid is esterified
in the 2 position only. whereas the 1 position is esterified
almost cxclusively with palmitic acid.! Polyenylphos-
phatidylcholine (PPC) is a choline-glycerophospholipid
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containing up to 80% of fatty acids as linoleic acid (18:2
n-6, LA). localized in both the 1 and 2 positions of the
glycerol backbone. Because it has been demonstrated
that a large portion of orally administered PPC is ab-
sorbed.” and the [ position does not undergo hydro-
lysis,* PPC is not only a good source of LA, but it
also provides 1-acyl-lysophosphatidylcholine  (1-ly-
soPC). About 50% of this 1-lysoPC is reacylated to
intact PPC in the intestinal mucosa.* The ex novo syn-
thesized PPC cnters the liver via the lymph and the
blood stream; in the liver it is partly taken up by cell
membranes and subcellular membrane fractions.® This
finding is important insofar as studies by Whyte et al
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indicate that unsaturated fatty acids given orally are not
effective in changing the fatty acid moieties of endoge-
nous PC so as to produce molecules containing polyun-
saturated fatty acids in the 1 and 2 positions. PPC could
have many biochemical propertics; as the structural and
functional integrity of cell membranes depends on the
presence of polyenyl phospholipids. PPC may be an
important factor in ensuring normal functioning of cell
membranes.*

The role of lipids as structural and functional compo-
nents in biological membranes is well known. In old
animals, changes of lipid composition and examples of
age-dependent modifications of plasma membrane en-
zymes are documented,*” and it has been demonstrated
that essential fatty acid (EFA) metabolism is altered in
old animals. In previous studies we demonstrated the
fall-off in the activity of the delta-6-desaturase (D6D)
enzyme, which converts LA to vy-linolenic acid (18:3n-
6) and a-linolenic acid (18:3n-3. ALA) to stearidonic
acid (18:4n-3) in aged rats.™"

Appropriate dictary supplementation can modify
membrane fatty acid composition and can influence
D6D activity.'" Because the importance of PPC is not
only as a source of LA but also its ability to be incorpo-
rated into both normal and damaged membranes, we
tested the effects on liver microsomal membrane fatty
acid composition, microviscosity, and on D6D activity
in old rats of a PPC-supplemented diet and compared
it with both a trilinolein-supplemented diet and a labora-
tory chow diet.

Furthermore. as polyunsaturated acyl chains of mem-
brane phospholipids are especially susceptible to frec
radical-initiated oxidation. which can be generated ci-
ther by metabolism of xenobiotics or by normal aerobic
cellular metabolism.'"'? we evaluated the effect of an
endogenous oxidative stress induced by adriamycin. an
anthracycline antibiotic that ¢nhances lipid peroxida-
tion, on fatty acid composition. microviscosity. and
D6D activity of liver microsomal membranes in the
three groups of animals.

Methods and materials
Materials

[1-*C] Linoleic acid (59 mCi/mmol) was purchascd from the
Radiochemical Center (Amersham, UK): NADH. Coenzyme
A (CoA). ATP, and trilinolein were purchased from Sigma
Chemical Co. (St. Louis, MO USA). Adriamycin was from
Farmitalia (Milan, Italy). All unlabeled fatty acids were ob-
tained from Nu. Check (Elysian, MN USA); all chemicals
and solvents were of the highest analytical grade. PPC was a
kind gift from Rhone-Poulenc Rorer GMBH (Koln, Ger-
many).

Methods

Normal male Wistar rats, aged 11 months, were used. Rat
body weight was 370 = 9 g. Rats were divided at random
into three groups. each fed ad libitum a different diet for 1
month:

Laboratory chow diet (control diet, n = 12). The laboratory
chow diet was a balanced standard diet for rats (Dottori and
Piccioni. Brescia, Italy); the dict was normoproteic (proteins:
21 ¢/100 g). normolipidic (lipids: 4.8 /100 g). and normogluci-
dic (carbohydrates: 61.5 g/100 g) and contained appropriate
amounts of lipid soluble vitamins.

PPC diet (n = 16). The PPC dict was prepared by adding 275
mg PPC/100 g standard diet to the laboratory chow diet de-
rived from the same batch.

Trilinolein diet (n = 16). The trilinolein diet was prepared by
adding 200 mg trilinolein/100 g standard diet. corresponding
to an equimolar content of LA with respect to the PPC dict,
to the laboratory chow dict derived from the same batch.

Rat body weight and the amount of food ingested were
carefully recorded daily to determine the amount of PPC and
trilinolein ingested (in mg). At the beginning of the study rats
ingested about 110 mg PPC or about 80 mg trilinolein daily;
at the end of the dietary treatment, rats ingested about 135
mg PPC or about 100 mg trilinolein daily.

The standard diet provided 3.9 Kcal/g: the amount of calo-
ries provided by PPC or trilinolein supplementation was neghi-
gible.

Vitamin E was added to cach diet (200 mg/kg) to avoid
unsaturated lipid peroxidation. Diets were stored at 4° C and
rats were fed fresh food daily.

The animals were housed in individual cages in strictly
controlled conditions of temperature (20 = 2°C) and humidity
(60-70% ). with a 12-hour hght-dark cycle. Water was pro-
vided ad libitum. and water soluble vitamins and mincrals
were provided dissolved in water.'

After 30 days of dietary treatment, no differences were
detected in rat body weight among the three groups (control
group 452 = 13 g, PPC group 446 * 16 g. trilinolein group
453 = 20 g). indicating that animals on PPC and trilinolein
dicts did grow as well as the controls.

Forty-cight hours before sacrifice, six rats from the control
group, cight rats from the PPC group. and eight rats from the
trilinolein group received 100 mg/kg bw adriamycin intraperi-
toneally.

Rats were sacrificed by decapitation at the same time early
in the morning. Livers were quickly excised. washed. and
minced with scissors.

Microsomes were isolated as previously described.' All
microsomal preparations were done at 0-4° C and frozen at
—80° C until use. Microsomal purity was assessed. and the
absence of mitochondrial membranes verified.* Microsomal
protein was measured according to Lowry et al."

The delta-6-desaturase (acyl-CoA, hydrogendonor : oxido-
reductase, E.C. 1.14.99.5) (D6D) enzyme assay was carried
out as previously described.* " The reaction mixtures, con-
taining 5 mM MgCl.. 50 pm CoA. 2 mM ATP. | mm NADH,
S0 mM phosphate buffer pH 7.4, 40 pM [1-*C] linoleate, and
approximately 2.5 mg microsomal protein. in a total volume
of 1 mL, were incubated in a shaking water-bath at 37° C
for 20 min. The reactions were stopped by adding 4 mL of
chloroform/methanol (1:1 vol/vol) and. after the addition of
2 mL of chloroform, lipids extracted according to Folch ct
al..” and mcthyl esterified with methanol / hydrochloric acid
(5% by vol) as reported by Stoffel et al.'* Fatty acid methyl
esters were separated on thin layer chromatography plates,
coated with silica gel G. impregnated with 10% (wt/vol)
AgNQ,, as previously reported.® ' Enzyme activity is ¢x-
pressed as pmol of the radioactive fatty acid converted into
the product per min per mg microsomal protein.

The fatty acid composition of microsomal total lipids was
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Table 1 Fatty acid composition (mol’100 mol) of liver microsomal
membranes of rats fed the experimental diets

Fatty Control PPC Triinolein

acid (n 6) (n = 8) (n = 8)

16.0 22.36 = 0.40 22.32 - 2.00 2387 = 1.39
16:1 0.85 = 0.02 069 = 0.35 .67 - 050"
170 073 + 013 0.79 + 0.1 092 = 019
18.0 2110 = 012 2010 = 0.66 1876 + 1.05
18.1 781 + 061 753 + 1.36 899 = 091
18:2(n-6) 13.98 = 0.56 1825 = 1.53 1583 - 072
18:3(n-6) 0.16 = 0.02 012 = 0.02° 0.17 - 0.04
18:3(n-3) 017 = 0.05 0.40 = 007 0.26 - 002
20:3(n-9) 032 = 003 0.52 = 0.09 037 + 0.10
20.3(n-6) 052 = 0.12 035 = 0.18 034 £ 0.12
20:3(n-3) 133 = 008 076 - 012 0.80 + 022
20:4(n-6) 2221 - 076 1992 - 299 20093 + 194
20:5(n-3) 075 - 0.03 059 = 0.14° 068 = 0.12
22.4(n-6) 041 = 002 040 = 012 094 = 047
22:5(n-6) 0.41 = 0.06 042 + 018 027 - 015
22.5(n-3) 15 + 016 13+ 007 0.95 + 0.30
22:6(n-3) 517 = 004 548 + 0.66 404 = 079
n-6n-3 420 = 010 479 + 066° 583+ 094

The fatty acid analysis was performed as reported in Methods and
materials. The number of anmals examined in each group 1s given in
prackets. Data are means * SD._Statistical analysis was performed
Lsing the one-way analysis of vanance. comparng PPC-supple
mented and trniinolein-supptemented diet to control diet
“P -~ 0.05
P - 0.01.

P - 0.001

determined by gas chromatography (Carlo Erba mod. 4160)
using a capillary column (SP 2340, 0.10-0.15 pm i.d.) at a
programmed temperature (160-210° C, with an 8 C/min gra-
dient), as previously described. '

Microsomal membrane fluidity was estimated by means of
the hydrophobic probe 1.6-diphenylhexa-2.3.5-triecne (DPH,
Aldrich Chemical Co.. Milwaukce. WI USA)."

Peroxidation of microsomal phospholipid polyunsaturated
fatty acids was determined measuring malondialdehyde
(MDA) production by the thiobarbituric acid method.!’

All results are expressed as means = SD. Statistical differ-
ences were assessed by analysis of variance.

Results

Liver microsomal membrane fatty acid composition of
rats fed the three different diets is reported in Table |.

Both PPC and trilinolein supplementation dcter-
mined significant modifications in microsome fatty acid
composition; particularly. an increase in LA relative
molar content was clearly detectable. Furthermore.
there was an increase in a-linolenic acid content, con-
comitant with a decrease in the polyunsaturated n-3
fatty acid content. As a consequence, the n-6:n-3 ratio
increased in both PPC and trilinolein group with respect
to controls.

Figure I shows the modifications in liver microsomal
membrance fatty acid composition of rats trcated with
adriamycin, compared with animals fed the same diet
and not treated with adriamycin. Adriamycin treatment
determined a dccrease in palmitic and an increase in
stearic acid relative molar content in all the dietary
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groups; furthermore, in the control and trilinolein
groups an increase in LA relative molar content was
detected. Adriamycin trcatment did not affect the n-6/
n-3 fatty acid ratio (data not shown), apart from an
increase in the trilinolein group (untreated: 5.83 = (0.94,
treated: 7.64 = 0.61. P < 0.05).

In Table 2 the D6D activity of liver microsomes from
rats fed the three different experimental diets. treated
or not treated with adriamycin. is reported. Both the
PPC and the trilinolein dietary supplementation showed
an increase in the D6D activity. An even higher increase
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Bl Trilinolen supplemented diet
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Figure 1 Ditferences in the reiative molar content (%) of the main

fatty acids of iver microsome total lipids between rats untreated anc
treated with adriamycin. The differences in the relative molar content
of the main fatty acids were calculated by subtracting the adriamy-
cin-untreated evel from the adriamycin-treated leve! for each fatty
acid for each dietary treatment. Data are means = SD. Statistical
analysis was by one-way analysis of vaniance. comparnng untreated
and treated animals fed the same diet ‘P <= 0 05: "FP <. 0.01

Table 2 Delta-6-desaturase activity {pmol x min X mg
protein ") in liver microsomes of rats fed the three different diets,
treated or not with adrnamycin

Adriamycin injection

Diet Without With

Control 30 = 92(n - 6) 520 + 26 (n - 6)
PPC 491 96 (n = 8) 1240 = 43(n = 8)
Trilinolein 598 = 128 (n -- 8) 1301 =+ 35(n = 8)

The delta-6-desaturase assay was performed as reported in Meth-
ods and materials. The number of animals examined is given In
brackets. Data are means = SD. Statistical analysis: the two-way
analysis of variance revealed a significant effect of the dietary treat-
ment (P < 0.001). a significant effect of the adrnamycin treatment
(P < 0.001), and a significant interaction between the dietary and
the adriamycin treatments (p - 0.05). The one-way analysis of vari-
ance was then performed comparing the effect of PPC- and trilino-
lein-supplemented diet versus control diet in both the animals not
treated with adnamycin (controls versus PPC-fed: P <2 0.01. controls
versus triinolein-fed: P < 0.001) and treated with adrnamycin (con-
trols versus PPC-fed: P << 0.001; controls versus trilinolein fed: P -
0.001). and the effect of adnamycin injection in the animals fed the
same diet (controls: P < 0.01; PPC-fed P < 0.001: trlinolen fed. P
< 0.001)
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in enzyme activity was determined by the adriamycin
treatment in all dietary groups.

Microsomal membrane microviscosity was not influ-
enced by either the dietary supplementation or the
adriamycin treatment (the mean value of fluorescence
polarization was 0.180 = 0.009 in all conditions).

MDA production in liver microsomes was not influ-
enced by dietary treatment (Table 3), while adriamycin
treatment induced a significant increase in MDA micro-
somal content in control and trilinolein-fed rats, without
affecting the MDA production in the PPC group.

Discussion

In this study we cvaluated the cffect of two different
dicts providing the same amount of LA. This fatty acid
was available in two different forms: esterified in the 1
and 2 position of PPC, or as trilinolein. It is important
to notc that PPC supplementation can determine the
incorporation into cellular and subcellular membranes
of a phospholipid presenting polyunsaturated fatty acids
esterificd in both the 1- and 2-positions. Our aim was
to determine whether the importance of a PPC dietary
supplementation resides only in being a source of LA.
or as a source of PPC itself.

Ascxpected. both PPC- and trilinolein-supplemented
diets showed an increase in LA relative molar content in
liver microsomes. This increase was higher in the PPC
group. probably because LA was present in both the 1
and 2 positions of microsomal membrane phospholipids.
Inbothgroups, thisincrease in LA content was not associ-
ated with an increasc in arachidonic acid (AA) content,
although a significant increase in the D6D activity was
detected in comparison with the control dict (Table 2).
Witters et al. ™ reported a suppressing effect on D6D ac-
tivity with linoleic acid dietary supplementation. There

Table 3 Malondialdheyde production (nmol‘mg protein) in liver
microsomes of rats fed the three different diets, treated or not with
adriamycin

Adnamycin injection

Without With
Control 445 = 014 (n = 6) 546 + 0.15(n = 6)
PPC 482 > 018(n = 8) 516 = 021 (n = 8)
Trilinolein 491 = 013 (n = 8) 594 = 013 (n - 8)

The determination of the malondialdheyde production was per-
formed as reported in Methods and materials. The number of animals
examined I1s given n brackets. Data are means = SD. Statistical
analysis: the two-way analysis of variance revealed a significant
eftect of the dietary treatment (P < 0.001), a significant effect of
the adriamycin treatment (P < 0.001), and a significant interaction
between the dietary and the adriamycin treatments (P < 0.001) The
one-way analysis of vanance was then performed comparing the
eftect of PPC and trilinolein supplemented diet versus control diet
In both the animals not treated with adriamycin (controls versus
PPC-fed. NS; controls versus trilinolein fed: NS) and treated with
adniamycin (controls versus PPC-fed: P < 0.01; controls versus trilin-
olein-ted: P < 0.001). and the effect of adriamycin injection in the
animals fed the same diet (controls: P <2 0 001; PPC-fed: NS: trilino-
lein fed” P < 0 001)

could be several reasons for the discrepancy between our
data and data previously reported: (1) they supple-
mented LA with a fat-free diet, while we used a normoli-
pidic. balanced diet: (2) our LA supplementation was
low. representing less than the 7% of the daily lipid in-
take: and (3) we cxamined old rats, in which D6D activity
is reduced. Low amounts of LA supplemcntation of a
balanced diet arc probably able to partially restore D6D
activity on n-6 fatty acids in old rats. independent of the
form in which LA is available in the dict. On the other
hand, although we have not directly measured the D6D
activity on a-linolenic acid (ALA). the decrement in the
relative content of polyunsaturated n-3 fatty acids, ob-
served in liver microsomes of PPC- and trilinolein-fed
rats (Table 1) indicates a decrcased D6D activity on
ALA. Therefore. the increased activity of the enzyme
observed on LA could be determined by a shift of the
enzyme activity on ALA as a substrate to LA as a sub-
strate. and not by a “'net " increase of the enzyme activity
itself.

Many agents known to be toxic to cells are associated
with the generation of free radicals.™ In turn. the radicals
may lead to the peroxidation of polyunsaturated fatty
acids in cell membranes with the formation of a wide
range of toxicmetabolites. The main problemin free radi-
cal damage caused by oxygen or exogenous peroxidative
stress could be the loss of membrane polyunsaturated
fatty acids rather than the accumulation of toxic materi-
als, as postulated by Horrobin.™ According to this hy-
pothesis. some of the damage induced by free radicals
may indeed be related not only to the presence of free
radicals themselves and of lipid peroxides and their me-
tabolites, but also to the absence of the damaged polyun-
saturated fatty acids. which is most harmful and produces
much of the pathology.' In this study. adriamycin treat-
ment resulted in an increase of D6D activity on LA in
all dictary groups. The peroxidation of polyunsaturated
fatty acids induced by adriamycin and the consequent de-
creased polyunsaturated fatty acid membrane concentra-
tion may lead to an enhanced D6D activity to restore the
loss due to free radical damage. This effect is much more
cvident in the PPC- and trilinolein-fed rats than in con-
trols. probably as a consequence of the higher availability
of the D6D substrate. LA.

In the absence of exogenous oxidative stress, the
administration of PPC- and trilinolcin-supplemented
diets did not result in any modification of MDA produc-
tion in liver microsomes with respect to the control dict.

The measurement of MDA after adriamycin treat-
ment revealed a significant increase in MDA micro-
somal content in the control and trilinolein groups,
while MDA content did not change in the PPC group.
with respect to animals fed the same diet but not treated
with adriamycin. These data indicate that PPC has a
protective cffect on adriamycin-induced lipid peroxida-
tion. Previous studies indicate that PPC administration
prevents liver membranc damage due to the formation
of radicals and hydroperoxides consequent to carbon
tetrachloride® or tetracycline poisoning** and to ionizing
radiation.* Although it has not been clearly established
how PPC exerts its protective effect, it is believed that
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it is based on PPC’s ability to be incorporated into
normal and damaged liver membranes.

Microsomal membranc microviscosity did not
change irrespective of diet and adriamycin treatment.
Although lipid peroxidation initiated by adriamycin
in vitro in rat liver microsomes is accompanicd by an
increase of the apparent microviscosity.” the presence
of an inverse correlation between MDA production
and cholesterol concentration in microsomes has been
demonstrated.*** Then. the response of microsomes
in vivo after an increase of lipid peroxidation might
be the maintenance of a given membrane order by
mobilizing part of its cholesterol content.

In conclusion, our data indicate that the prophylactic
administration of PPC can prevent or minimize the liver
damage induced by adriamycin treatment. Adminis-
tration of PPC may represent an example of a drug
trcatment based on the use of a naturally occurring
compound, with the aim of enhancing the cffectiveness
of physiological processes.

On the basis of the evidence at hand. PPC appcars
worthy of consideration for further experimentation,
either by itself. or in association with other dictary
regimens.
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