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Polyenylphosphatidylcholine i.s a eholine-glycerop/tospholipid containing up to 80% of  total Jatty acids 
as linoleic acid anti may be an important factor in ensuring normal functioning of  cell membranes. We 
tested the effect of  a polyenylphosphatidylcholine-supplemented diet and compared it with both a trilino&in- 
supplemented and a laboratory chow diet on the fatty acid composition, microviscosity, and delta-6- 
desaturase activity of  liver microsomal membranes of  12-month-ohl rats, in the absence or presence of  
oxidative stress induced by adriamvein. Polvenylphosphatidylcholine- 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 o]'linoleic acid. After adriamycin treatment, delta-6-desaturase activity increased 
in polyenylphosphatidylcholine and trilinolein groups, indicating a protective mechanism against the dam- 
age induced by polyunsaturated Jatty acid peroxidation. The measurement of malondialdehyde production 
showed a protective e[fect on adriamycin-induced lipid peroxidation by polyenylphosphatidylcholme sup- 
plementation only. Microsomal membrane mieroviscosity did not change independent of  diet and adriamy- 
tin treatment, suggesting that the response of  microsomes to lipid peroxidation might be the maintenance 
of  a given membrane order. Administration of  polyenylphosphatidyh:holine can prevent or minimize the 
liver damage induced by adriamycin treatment. (J. Nutr. Biochcm. 4:690-694. 1993.) 
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Introduction 

In the naturally occurring mammalian phosphatidylcho- 
line (PC, lecithin) the unsaturated fatty acid is esterified 
in the 2 position only, whercas the 1 position is esterificd 
almost exclusively 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 thc 
glycerol backbone.  Because it has been demonstrated 
that a large portion of orally administered PPC is ab- 
sorbed,:  and the I position does not undergo hydro- 
lysis, 3 PPC is not only a good source of LA, but it 
also provides 1-acyl-lysophosphatidylcholine (l-ly- 
soPC). About  50e~ of this l-lysoPC is reacylated to 
intact PPC in the intestinal mucosa?  The cx novo syn- 
thesized PPC enters the liver via the lymph and the 
blood stream; in the liver it is partly taken up by cell 
mcmbranes  and subccllular mcmbrane  fractions? This 
finding is important insofar as studies by Whyte et al.' 
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indica te  that  u n s a t u r a t e d  fat ty  acids  given ora l ly  a re  not  
effect ive  in chang ing  the fat ty  acid moie t i e s  of  en doge -  
nous  PC so as to p r o d u c e  mo lecu le s  con ta in ing  po lyun-  
s a t u r a t e d  fat ty  acids  in the  1 and 2 pos i t ions .  PPC could  
have  many  b iochemica l  p rope r t i e s ;  as the  s t ruc tura l  and 
func t iona l  in tegr i ty  of  cell m e m b r a n e s  d e p e n d s  on the 
p re sence  of  po lyeny l  phospho l ip id s ,  PPC may  be an 
i m p o r t a n t  fac tor  in ensur ing  norma l  funct ioning  of  cell 
m e m b r a n e s .  5 

The  role of  l ipids as s t ruc tura l  and  funct ional  compo-  
nents  in b io logica l  m e m b r a n e s  is well  known.  In old 
an imals ,  changes  of  l ipid compos i t i on  and e x a m p l e s  of  
a g e - d e p e n d e n t  modi f i ca t ions  of  p l a sma  m e m b r a n e  en- 
zymes  are  d o c u m e n t e d  J ' :  and  it has been  d e m o n s t r a t c d  
that  essent ia l  fat ty acid ( E F A )  me tabo l i sm  is a l t e red  in 
o ld  an imals .  In p rev ious  s tudies  we d e m o n s t r a t e d  the 
fal l-off  in the  act ivi ty  of  the de l t a -6 -desa tu r a se  ( D 6 D )  
enzyme ,  which conver t s  L A  to ~/-linolenic acid (18:3n- 
6) and  et- l inolenic acid (18:3n-3,  ALA) to s tea r idon ic  
acid (18:4n-3) in aged rats."." 

A p p r o p r i a t c  d i e t a ry  s u p p l c m c n t a t i o n  can modi fy  
m e m b r a n e  fat ty acid c o m p o s i t i o n  and can inf luence 
D 6 D  act iv i ty ." '  Because  the impor t ancc  of  PPC is not  
only  as a source  of  L A ,  but  also its abi l i ty  to be incorpo-  
r a t ed  into bo th  no rma l  and d a m a g c d  m e m b r a n e s ,  we 
t e s ted  the  effects  on l iver  mic rosomal  m e m b r a n e  fat ty 
acid c o m p o s i t i o n ,  microviscos i ty ,  and  on D 6 D  act ivi ty 
in o ld  rats  of  a P P C - s u p p l c m c n t e d  diet  and  c o m p a r c d  
it with bo th  a t r i l i n o l c i n - s u p p l e m e n t e d  diet  and  a labora-  
tory  chow diet .  

F u r t h e r m o r e ,  as p o l y u n s a t u r a t e d  acyl chains  of  mem-  
b rane  p h o s p h o l i p i d s  are  espec ia l ly  susccp t ib lc  to frcc 
r ad ica l - in i t i a t cd  ox ida t ion ,  which can bc g c n c r a t c d  ci- 
ther  by m e t a b o l i s m  of  xcnob io t i c s  o r  by norma l  ae rob ic  
ce l lu la r  m e t a b o l i s m ,  't.~-' we eva lua t ed  the effect of  an 
e n d o g e n o u s  ox ida t ive  s tress  induced  by ad r i amyc in ,  an 
an th racyc l inc  an t ib io t ic  that  cnhanccs  l ipid pe rox ida -  
t ion,  on fat ty  acid c o m p o s i t i o n ,  microviscos i ty ,  and  
D 6 D  act ivi ty  of  l iver  mic rosoma l  m c m b r a n e s  in the 
t h rcc  g roups  of  an imals .  

Methods  and materials  

Materials 

{I-'~C] Linolcic acid (59 mCi/mmol) was purchascd from the 
Radiochcmical Center (Amersham, UK): NADH,  Coenzyme 
A (CoA),  ATP, and trilinolcin were purchascd 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-Poulcnc Rorer GMBH (K61n, 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); thc diet was normoproteic (proteins: 
21 g/100 g), normolipidic (lipids: 4.8 g/100 g), and normogluci- 
dic (carbohydrates: 61.5 g/100 g) and contained appropriate 
amounts of lipid soluble vitamins. 

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

Trilinolein diet (n = 16). Thc trilinolcin dict was prcpared by 
adding 200 mg trilinolcin/100 g standard diet, corresponding 
to an equimolar content of LA with respect to the PPC diet, 
to the laboratory chow diet 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 rag). 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 negli- 
gible. 

Vitamin E was added to each diet (2(~1 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 light-dark cycle. Water was pro- 
vided ad libitum, and water soluble vitamins and minerals 
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 -'- 2(1 g), indicating that animals on PPC and trilinolein 
diets did grow as well as the controls. 

l=orty-eight hours before sacrifice, six rats from the control 
group, eight rats from the PPC group, and eight rats from the 
trilinolein group received IiX) mg/kg bw adriamvcin 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 
- 8 0  ° C until use. Microsomal purity was assessed, and the 
absence of mitochondrial membranes verified. ~ Microsomal 
protein was measured according to Lowry et al.'4 

The dclta-6-dcsaturasc (acyI-CoA, hydrogcndonor : oxido- 
reductase, E.C. 1.14.99.5) (D6D) cnzymc assay was carricd 
out as prcviously dcscribcd. ~ "' Thc reaction mixturcs, con- 
taining 5 mM MgCI_,, 5(1 ~M CoA. 2 mM ATP. 1 mM NADH,  
5(1 mM phosphate buffcr pH 7.4, 40 IxM [ 1-~aC] linolcatc, and 
approximately 2.5 mg microsomal protein, in a total volume 
of 1 mL, werc incubated in a shaking water-bath at 37 ° C 
for 2(1 min. Thc rcactions wcrc stopped by adding 4 mI, of 
chloroform/methanol (1:1 w~l/vol) and, after the addition of 
2 mL of chloroform, lipids extracted according to Folch ct 
a l .? '  and methyl cstcrificd with methanol / hydrochloric acid 
(5% by vol) as rcported by Stoffel el a l ."  Fatty acid mcthyl 
esters were separated on thin layer chromatography plates, 
coated with silica gel G, impregnated with l(F?,;, (wt/vol) 
AgNO,,  as previously reported. '~ "'-~' Enzyme activity is ex- 
pressed as pmol of the radioactivc 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 composit ion (molq00 mol) ol liver m~crosomal 
membranes of rats fed the expenmental  d~ets 

Fatty Control PPC Tnl,nole~n 
acid (n 6) (n = 8) (n = 8) 

160 22 36 = 0 4 0  22.32 - 2 0 0  23 87 : 139 
16:1 0.95 ± 0 0 2  0 6 9  = 0 3 5  ~ 67 • 050"  
170  0 7 3  ~ 0 1 3  0 7 9  . 01 ~ 0 9 2  = 0 1 9  
180 21 10 _+ 0 1 2  2 0 1 0  _+ 0.66 1876 , 105 
181 781 * 061 753  • 1 36 8 9 9  ~ 0 9 1  
18:2(n-6) 1398 _+ 0 5 6  1825 = 1 5 3  1583 .. 0 7 2  
18:3(n-6) 0 1 6  = 0 0 2  0 1 2  ± 002"  0 1 7  : 004  
18:3(n-3) 0 17 "L-_ 0 0 5  0 4 0  --+ 0 0 7  0 2 6  --" 0 0 2  
20:3(n-9) 0 3 2  ± 0 0 3  0 5 2  -- 0 0 9  0 3 7  _+ 0 10 
203(n-6)  0 5 2  _+ 0 12 0 3 5  ± 0 1 8  0 3 4  ± 0 12 
20:3(n-3) 1 33 ± 0 0 8  0 7 6  • 0 1 2  0 8 0  ÷ 0 2 2  
20:4(n-6) 22.21 . 0 7 6  1992 • 2 9 9  2093  , 194 
20:5(n-3) 0 7 5  - 0 0 3  0 5 9  -- 0 14 ~ 0 6 8  ~_ 0 1 2  
224(n-6)  041 ~: 0 0 2  0 4 0  "- 0 12 094  = 047 :  
22:5(n-6) 041 = 0 0 6  0 4 2  , 0 1 8  0 2 7  • 0 1 5  
22 5(n-3) 1 56 :t_ 0 16 1 '3  + 0 0 7  0 9 5  ~- 0 3 0  
226(n-3)  5 1 7  _*: 0 0 4  5 4 8  ± 0 6 6  4 0 4  : 079"  
n-6n-3 4 2 0  : 0 1 0  4 7 9  ' 0 6 6  ° 5 8 3  ' 094  

rhe fatty acid analys~s was performed as reported m Melhods and 
materials The number of animals examined in each group ~s given m 
bracke ts  Data are means ± SD Statistical analys~s was performed 
L, smg the one-way analysis of vanance, companng PPC supple 
mented and tnhnolein-supplemenled d~et 1o control d,et 
':P < 0 05 
"P - 0 0 1 .  

P-: 0001 

determined by gas chromatography {Carlo Erba mod. 41N}) 
using a capillary column (SP 234{}, {I.104}.15 0,m i.d.) at a 
programmed tempcraturc( 160-21{} ° C, with an 8 ° C/min gra- 
dient), as previously described. "' 

Microsomal membrane fluidity was estimated by mcans of 
thc hydrophobic probe 1,6-diphenylhexa-2,3,5-tricnc (DPH, 
Aldrich Chemical Co., Milwaukee, WI USA)."' 

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

All results are expressed as means -- SD. Statistical difler- 
cnccs were assessed by analysis of variancc. 

Resul t s  

Liver microsomal  membrane fatty acid composi t ion of 
rats fed the three different diets is reported in Table 1. 

Both PPC and trilinolein supplementation deter- 
mined significant modifications in microsome fatty acid 
composit ion;  particularly, an increase in LA relative 
molar content was clearly detectable.  Furthermore,  
there was an increase in ~-l inolenic 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 1 shows the modifications in liver microsomal 
membrane fatty acid composi t ion of  rats treated with 
adriamycin, compared with animals fed the same diet 
and not treated with adriamycin. Adriamycin treatment 
determined a decrease 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 treatment did not affect the n-6/ 
n-3 fatty acid ratio (data not shown),  apart from an 
increase  in the t r i l inolein  g roup  (un t r ea t ed :  5.83 _+ 0.94, 
t r ea ted :  7.64 _+ 0.61, P < 0.05). 

In Table 2 the D6D act ivi ty of  l iver mic rosomcs  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 D 6 D  activity. An even higher increase 

£ : C o r ~ t r o l  d i e t  

k7.4 P P C  s u p p l e m e n t e d  d i e t  

" r r ' H : n o l e l : l  s u p p l e m e n t e d  { h e r  

8 -  

C ,4' 

- 1 ' i y3 '~" 

,= 0 i  . . . . .  

- 4 -  

• - 6  • , :  - 

8 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

160 160 181 182 204 

Figure 1 D~fferences m the relative molar content (%) of the mare 
fatty acids of hver m~crosome total lip~ds between rats untreated and 
treated with adr iamycm The differences in the relative molar content 
of the mare fatty a o d s  were calculated by subtracting the adriamy- 
cin-untreated evel from lhe adnamycm-treated leve! for each fatty 
acid for each d~etary treatment Data are means ± SD. Statistical 
analysis was by one-way analys~s of vanance, comparing untreated 
and treated animals fed the same diet ~P .: 0 05: "P ,-. 0 01 

Table 2 Delta-6-desaturase actiwty (pmol x mm x mg 
protein ) ~n liver m~crosomes of rats fed the three different dfets, 
treated or not with adriamycm 

Adrlamycln inlectlon 

Diet Wtthout With 

Control 30~ _-_ 9 2 ( n  - 6) 5 2 0  ' ! 2 6 ( n  - 6) 
PPC 491 • 9 6 ( n - =  8) 1240 ± 4 3 ( n  ... 8) 
Trilinolem 5 9 8  -'- 1 2 8 ( n  .. 8) 130 1 :.: 3 5  {n = 81 

The delta-6-desaturase assay was performed as reported ~n Meth- 
ods and materials The number of animals examined is gwen m 
bracke ls  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 stgn~ficant effect of the adnamycm Ireatmenl 
(P < 0.001), and a significant interaction between the d~etary and 
the adr iamycm treatments (p < 0 05) The one-way analys~s of varF 
ance was then performed comparing the effecl of PPC- and tnhno- 
lem-supplemented diet versus control d~et in both 1he animals not 
Ireated with adnamycin (controls versus PPC-fed: P < 0 01. conlrols 
versus trihnolein-fed: P < 0 001 ) and treated with adnamycin (con- 
trois versus PPC-fed: P < 0 001; controls versus trilinolem fed: P - 
0 001 ). and the effect of adnamycin injection in the animals fed the 
same diet (controls: P <: 0 01; PPC-fed P < 0001:  tnhnolem 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 effect of two different 
diets providing the same amount of LA. This fatty acid 
was available in two different forms: estcrified in the 1 
and 2 position of PPC, or as trilinolein. It is important 
to note that PPC supplementation can determine the 
incorporation into cellular and subcellular membranes 
of a phospholipid presenting polyunsaturated fatty acids 
esterified 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. 

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

Table 3 Malond~aldheyde production (nmol/mg protein) in liver 
m~crosomes of rats fed lhe three different diels, treated or not w~th 
adriamycin 

Adriamycin mlechon 

Without W~th 

Control 445 _+ 0 1 4 ( n  = 6) 546 + 0 1 5 ( n  = 6) 
PPC 482 ± Q18(n  = 8) 5.16 __ 021 (n = 8) 
Trilinolein 4.91 _+ 0.13(n = 8) 5.94 : 0 13(n - 8) 

The determinalion of the malondialdheyde production was per- 
formed as reported in Methods and malenals The number of animals 
examined ~s given m brackets Data are means _+ SD. Statistical 
analysis: the two-way analysis of variance revealed a significant 
effect 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 adriamycm treatments (P < 0.001 ) The 
one-way analys~s of vanance was lhen performed comparing the 
effect of PPC and trihnolem supplemented diet versus control d~et 
~n both the animals not treated with adnamycm (controls versus 
PPC-Ied NS; controls versus trilinolem fed: NS) and treated with 
adnamycin (controls versus PPC-fed: P < 0 01 ; controls versus Irilin- 
olem-fed: P < 0.001). and the effect of adriamycin rejection m the 
animals fed the same d~et (controls: P < 0 001; PPC-fed: NS: tnhno- 
leinfed P <  0001) 

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 examined old rats, in which D6D activity 
is reduced. Low amounts of LA supplementation 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 c~-linolenic acid (ALA),  the decrement in the 
relative content of polyunsaturated n-3 fatty acids, ob- 
servcd in liver microsomes of PPC- and trilinolcin-fed 
rats (Table 1) indicates a decreased 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 bv a "ne t"  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 toxic metabolites. The main problem in 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, z~ In this study, adriamycin treat- 
ment resulted in an increase of D6D activity on LA in 
all dietary 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 
evident in the PPC- and trilinolcin-fed rats than in con- 
trols, probably as a consequence of the higher availability 
of the D6D substratc, LA. 

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

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 effect on adriamycin-induced lipid peroxida- 
tion. Prcvious studies indicate that PPC administration 
prevents liver membrane damage due to the formation 
of radicals and hydroperoxides consequent to carbon 
tetrachloride 2-' or tetracycline poisoning 2~ and to ionizing 
radiation, z4 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 membrane microviscosity did not 
change irrespective of diet and adriamycin treatment. 
Although lipid peroxidation initiated bv adriamycin 
in vitro in rat liver microsomes is accompanied by an 
increase of the apparent microviscosity, -'s 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 contenl. 

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 
treatment based on the use of a naturally occurring 
compound, with the aim of enhancing the effectiveness 
of physiological processes. 

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