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SUMMARY

Four groups of male weanling rats were fed during three months, diets different in the nature
of fats and the activity of 5' nucleotidase and fatty acid composition of brain and liver microsomes
were studied. Group A were fed a standard commercial diet, group B a fat free-diet and group C
and D a fat free-diet, containing respectively 10 % of peanut-rapeseed oil and 10% of salmon oil.
In brain and liver microsomes, 5'-nucleotidase activity increased throughout the development for
all diets (except for the fat-free diet). Slight differences were found in rats fed the peanut-rapeseed
oil diet compared to controls estimated at the same time. However, in animals fed the fish-oil diet,
5' nucleotidase had the highest activity in both brain and liver microsomes. Marked changes
occured in the fatty acid patterns of brain and liver microsomes among the various groups. The
greatest alterations were found in the liver microsomes. In brain and liver microsomal membranes
the fat-free diet induced an increase in monounsaturated fatty acids, an synthesis of eicosatrienoic
acid, and a decrease in (n-6) and (n-3) polyunsaturated fatty acids. Animals fed a peanut-rapeseed
oil and control diet showed similar fatty acid patterns in liver and brain microsomes.
However,when rats were fed a fish-oil diet, the liver microsomal membranes were highly enriched
in eicosapentaenoic and docosahexaenoic acids, and simultaneously there was a decrease in
arachidonic acid. These results suggest that manipulation of the lipid environment influences 5'-
nucleotidase activity by the interaction of the enzyme with specific merabrane lipids

INTRODUCTION

Many studies published the last few years have described the effects of dietary lipids on human
and animal body lipids (1-5) as well as their role in prevention of cardiovascular diseases and their
effects on blood levels of cholesterol, triacylglycerol and lipoproteins (6). These studies have also
investigated the relationship between the lipid composition of biological membranes, particulary in
polyunsaturated fatty acids, and the proteins that determine the functional properties of
membrane-bound enzymes such as  5'-nucleotidase (E.C.3.1.3.5, 5'ribonucleotide
phosphohydrolase). This enzyme, widely distributed in mammalian tissues, is an ectoenzyme
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attached to the exterior of plasma membranes through a phosphatidylinositol glycan (7). It offers
a potentially interesting model for studying the interactions between a membrane-bound enzyme
and its lipid environment (8). 5'-Nucleotidase is thought to play an important role in several cells
and tissues due to its key position in the breackdown of purine and pyrimidine nucleotides to their
corresponding nucleosides (9). Its biological function is not completely understood. It has been
proposed that 5'-nucleotidase provides nucleosides that are subsequently transported through the
plasma membrane via a specialized carrier system (10). Adenosine, produced by the enzyme, can
also act as a local hormone (11). In animals, including humans, provision of essential fatty acids in
the diet leads to significant changes in the unsaturated fatty acid composition and fluidity of
mammalian cell membranes (12,13). These changes are now being recognized as functionally
important as the specific role of subcellular membrane lipids in modulating membrane function
becomes more clear (14,15). This is particulary so with regard to the effects of dietary lipids on
the physical properties of membrane lipids and the effect they have on the functioning of the
various membrane enzymes associated with many physiological processes (16). Recent
observations in our laboratory (17-20) have shown that the activity of 5'-nucleotidase decreased
by 30 % in total brain, but not in myelin or in nerve endings of animals fed a (n-3) deficient diet as
compared to those fed a "soy-bean” diet. Previously, Chandrasekhara and Ananth Narayan (21)
reported a lower 5'-Nucleotidase activity in liver plasma membranes from essential-fatty-acid-
deficient rats fed a purified diet. Awad and Chattopadhyay (22) reported lower 5'-nucleotidase
activity in cardiac sarcolemma from rats fed a coconut oil diet compared with rats fed a sunflower
oil diet. Flier and al (23) have observed that the specific activity of 5'-nucleotidase was
significantly enhanced in membranes from rats fed menhaden oil. Although it is well known that
dietary lipid manipulation can affect the lipid composition of biological membranes, and in turn,
affect the biophysical characteristics of the membrane and the activities of certain membrane-
associated enzymes, there is little knowledge on the rate of alteration of this enzyme at different
ages. For this reason, the present study was initiated to determine the changes in brain and liver
microsome fatty acid composition and the alteration over time in the membrane-bound 5'-
nucleotidase activities following changes in dietary lipid intake and age of rats.

MATERIALS AND METHODS

Animals and diets

Experiments were performed on one hundred male weanling rats of the Sprague-Dawley strain
weighing 40 + 5 g purchased from Iffa Credo, I'Arbresle, (France ). Rats were divided in four
groups of 25 animals each and maintained under standardized conditions of temperature (22°C
1°C) and relative humidity (70%) with a 12-hour light-dark cycle. The animals were fed ad libitum
and had free access to water. Group A received a standard laboratory diet, group B a fat-free diet,
group C a fat-free diet supplemented with 10 % peanut-rapeseed oil (48-52 %), and group D a
fat-free diet supplemented with 10 % fish-oil (salmon-oil). Fish-oil was supplemented with 100
mg' alpha-tocopherol per 100 g oil. Diets were stored in the dark at 4°C. The composition of the
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fat-free diet in weight percent was casein 22.5, glucose 63.5, cellulose 6, mineral mixture 7, and
vitamin mixture 1. Experimental diets were prepared by adding 10g of either peanut-rapeseed oil
or salmon oil to 90g of fat-free basal diet. Fatty acid composition of the diets are presented in
table 1.

Preparation of microsomes

At various ages (21,40,60,80,100 and 120 days), animals were killed by decapitation without
anaesthesia. Liver and brain were quickly excised, and washed with buffer solution (0.1 M Tris
HCI, 0.32 M sucrose, 0.9 % NaCl pH 7.4), suspended in the same buffer solution at 25 and 20 %
respectively and homogenized in a Potter homogenizer. The homogenates were centrifuged for 5
min at 8 000 g then the supernatants were centrifuged for 30 min at 16 000 g. The resulting
supernatants were centrifuged for 60 min at 105 000 g.and microsomal pellets were resuspended
in the same buffer to obtain about 2 mg of proteins /ml.

Assay of 5'-Nucleotidase

the activity of 5'-nucleotidase was assayed by measuring the release of inorganic phosphate
from S’AMP according to the method of Lindberg et al (24) with minor modifications reported by
Cammer et al (25). The reaction was started by adding brain or liver microsomal suspensions
(approx. 0.1 mg prot.) to the reaction mixture of 0.2 ml. The tubes were incubated at 37°C for 20
min in triplicate for each time point, then the reaction was stopped by adding 0.3 ml of 2.5 M
H2S04. Values were calculated on the basis of specific activity (nmol of phosphorus liberated per
mg protein per min). Protein concentration was determined by the method of Lowry et al (26),
using bovine serum albumin as a standard.

Lipid analysis

Lipids were extracted from aliquots of microsomes from each group according to Folch et al
(27). Lipids were transesterified by treatment with methanol / cyclohexane / acetylchloride for 60
mn at 100° C according to the method of Lepage and Roy (28). The methyl esters were analyzed
on a Delsi gas chromatograph equipped with a flame ionization detector and a silica capillary
column (length 30 m, internal diameter 0.32 mm, stationary phase omegawax Supelco, France).
Helium was used as the carrier gas. The oven, injector and detector temperatures were maintained
respectively at 200, 230, and 250 °C. Identification of the peaks was performed by comparison
with authentic commercial standards and with mixtures of known fatty acid composition. Areas
were calculated with a Merck-Hitachi 2 500 integrator, and fatty acid concentrations were
reported as percent of total fatty acid content. The double bond index was calculated from the
sum of the percentages of each unsaturated fatty acid times the number of double bonds in that
acid.

Statistical analysis

All data are presented as means + S.D. Statistical comparison of means was made using of
variance (ANOVA), and the effect of individual diets was compared for statistical significance
(p<0.05) using the unpaired Student's t test.

RESULTS

Lipid composition of microsomal membranes
The fatty acid profiles of liver microsomes from rats fed various diets are presented in table 2.
Minor differences were observed between control group and Peanut-rapeseed oil group. In
‘c;,
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Table 1.

Fatty acid composition of the experimental diets.

Values represent the average obtained from at least three separate extractions and analyses
of the respective diets and are relative amounts, expressed as a percentage of the total
identified fatty acids. DBI, double bond index. S, saturated fatty acids.

Fatty Acid (%) Diets
Control Peanut-Rapeseed oil Fish oil
14:.0 1.08 0.06 7.48
16:0 - 0.02 0.6
17:.0 - 0.06 0.88
18:0 11.63 2.32 2.76
20:0 0.39 0.84 -
22:0 - 1.51 3.32
T Saturated 13.10 481 15.04
16:1 n-9 0.27 0.21 11.81
16:1 n-7 1.34 - 1.18
18:1 n-9 42.36 52.22 15.90
18:1n-7 229 - 443
20:1 n-9 092 3.12 8.80
T MUFA 47.18 55.55 42.12
18:2 n-6 16.52 27.10 2.07
18:3 n-6 0.15 0.02 -
20:4 n-6 - - 0.65
Z PUFA (n-6) 16.67 27.12 272
18:3 n-3 1.29 3.00 0.65
18:4 n-3 - - 1.91
20:5 n-3 - - 10.16
22:5n-3 - - 2.41
22:6n-3 - 0.55 9.63
Z PUFA( n-3) / 1.29 3.55 24.76
n-6 /n-3 12.92 7.63 0.1
DBI/S 6.45 25.38 11.77
‘.;;’
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Fatty acids composition of liver microsomes of rats fed various dietary fats for a period of 3
months. Results are expressed as % of total fatty acids. Values (means £ S.D., n = 6) not bearing
the same superscript letter are significantly different at p<0.05. If no superscript appears, values
are not significantly different. tr: trace. DBI, double bond index. S, saturated fatty acids.

Fatty Acid (%) Diets
Control Fat free Peanut Rapeseed oil Fish oil

14:0 0.50+0.01 0.44+0.09 0.32+0.02 0.55+0.07
16:0 23.10 £ 0.66 20854011 2137+030 2493 +0.15
17:0 0.32 +0.052 0.32 +0.098 0.70 +0.10b 0.50 + 0.04ab
18:0 18.60 +0.17 16.10 £ 0.10 18.94 +0.25 19.44 +0.70
20:0 0.23 +£0.01 0.37+0.02 tr tr

T SFA 42.75 +0.90 38.08 +0.41 4133 +0.67 45424096
16:1 n-9 0.40 + 0.063 2.33+0.28b 0.64 +0.083 031+0.013
16:1 n-7 3.88 + 0432 7.80+0.55D 221+0.11¢ 3.35 +0.074¢
18:1 n-9 13.20+0242  2050+0091b 13.10 + 0.208 10.54 + 0.40¢
18:1n-7 477+0.183 8.70 = 0.34b 3.51 £0.14a¢C 247+0.11¢
20:1n-9 0.30 +0.05 033007 0.45 +0.02 0.34 +0.05
20:1 n-7 0.10 + 0.023 0.40 +0.01b 0.22 +0.01¢ 0.32+0.014

T MUFA 22.65+098a  40.06+2.16D 20.13 +0.563 17.33 £ 0.65¢

18:2 n-6 8.30 +0.502 1.04 + 0.06b 11.30 + 0.80¢ 2.90 + 0.05bd
18:3 n-6 - - 0.30 +0.01 0.15+0.01
20:3 n-6 1.00 +0.02 0.30 +0.02 1.20 £ 0.04 0.90 +0.01
20:4 n-6 19.40 £0.132 594+010b 20.15 +0.508 12.91 £ 0.12¢
22:4 n-6 0.32 +0.02 - 0.34 +0.03 0.30 +0.02
22:5 n-6 0.80 +0.013 1.10+0.01b 0.40 + 0.02€ 0.35+0.01¢d

T n-6 29.82 +0.232 8.38+0.19b 33.39+0.67¢ 17.36 +0.21
20:5 n-3 - - 0.90 + 0.01 6.90 +0.02
22:50-3 0.53 +0.01 - 0.62 +0.01 1.90 +0.02
22:6 n-3 5.00+0.018 1.08 +0.03b 5.11+0.033 12.02 + 0.01¢

T n-3 5.53+0.02a 1.08 +0.03b 5.73 +0.04¢ 20.82 +0.05d
20:3 n-9 - 14.50 + 0.20 - -
T PUFA 353540258  23.96+0.24b 39.12+0.71¢ 38.18 +0.26¢d
n-6/n-3 5.39 +0.028 7.75 +0.02b 5.82£0.01¢ 0.83 +0.03d
DBUS 3.71 £0.01 3.20+0.10 4.02+0.03 430 +0.02
18:1/18:0 0.70 + 0.03a 1.27+0.01b 0.69 +0.038 0.54 +0.01¢
20:3 n-9/20°4 n-6 - 2.44+0.02 - -
2030618206 01240022 032+001b 0.11 £0.043 0.31 +0.05b¢
2040620306 19.40 +0.52 19.66 +1.12 16.75 + 1.35 14.33 +2.30
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contrast marked changes were obtained in the liver microsomes from rats fed fat free diet or fish
oil diet. Fat free diet induced in the liver microsomes an increase in monounsaturated fatty acids
(MUFA), an active synthesis of 5,8,11 eicosotrienoic acid and a concomitant decrease in (n-6)
and (n-3) polyunsaturated fatty acids (PUFA) as compared to the control. Higher ratios of
C20:3(n-9)/C20:4(n-6), C18:1(n-9)/C18:0 (which are commonly used as an index of EFA
deficiency) and C20:3(n-6)/C18:2(n-6) indicate a delta 9 and delta 6 desaturase stimulation (29).
The double bond index/saturated fatty acid ratio was not significantly different from the control
group. In animals fed the fish-oil diet, there was a general increase of the content of (n-3) fatty
acids in liver microsomes compared with the control group. Linoleic and arachidenic acids, on
other hand, decrease markedly, but the latter much more in liver than in brain. The high levels of
docosahexaenoic and eicosapentaenoic acids evidently depress the elongation of the (n-6) series
of fatty acids (8). Lower ratios of C20:3(n-6)/C18:2(n-6) and C20:4(n-6)/C20:3(n-6) could
indicate that delta 6 and delta 5 desaturase enzymes were inhibited. The double bond
index/saturated fatty acid ratio was similar to that of the control animals, but the (n-6)/(n-3) ratio
naturally decreases profondly. However, brain microsomal fatty acid composition was only
slightly affected by dietary lipid intake (Table 3)

5'-Nucleotidase activity

The activities of 5'-nucleotidase in rat at different times afier feeding the various diets are
shown in Fig. 1 (A and B). It can be seen that the specific activity of brain and liver microsome 5'-
nucleotidase increased throughout development from 21 to 120 days for all diets (except for the
fat free-diet). Thus, the specific activity of 5'nucleotidase in both brain and liver microsomes at
120 days was about 1.2 fold that at 21 days in rats fed the fat-free diet. This represented a
reduction in specific activity of 15 and 30 % at 120 days in brain and liver microsomes,
respectively, compared with the results for control diet at the same time. But no appreciable
differences were found in rats fed a peanut-rapeseed oil diet compared with the control group.
However, in animals given the fish-oil diet, the specific activity of 5'nucleotidase at 120 days was
about 2-fold that at 21 days in both brain and liver microsomes. This represented an increased of
26 % and 40 % at 120 days in brain and liver microsomes, respectively, compared with the

control diet.
DISCUSSION

It is clear from the experiments described in this paper that the fatty acid composition of the diet
has a marked influence on the fatty acid composition and activity of 5'-nucleotidase particulary in
liver microsomal membranes. The brain tends to maintain its fatty acid composition to a much
greater extent than liver. It is, of course, very probable that this reflects the "protective" effect of
the blood-brain barrier, although dietary polyenoic acids (particulary arachidonic and

4

g

1120




Vol. 30, No. 6, 1993

Table 3
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Fatty acid composition of brain microsomes of rats fed various dietary fats for a period of 3
months. Results are expressed as % of total fatty acids. Values (means + S.D., n = 6) not bearing
the same superscript letter are significantly different at p < 0.05. If no superscript appears, values
are not significantly different. DBI, double bond index. S, saturated fatty acids. Tr, trace.

Fatty Acid (%) Diets
Control Fat free Peanut Rapeseed oil Fish oil

14:0 0.22+0.02 0.24 £0.01 031+0.04 0.40 £ 0.09
16:0 2552403 25.59+£0.58 27.59+£0.69 25.36 £ 048
17.0 0.30x0.01a 0.28 £0.032 0.40£0.013 0.77+0.19b
18:0 2086+0.11 20.72+0.30 21.95+0.48 21.25+0.56
20.0 0.71 £0.05 0.50 £0.01 0.87 £ 0.05 1.23+£0.07
22.0 0.11+0.00 0.16 £0.02 tr tr
24.0 0.22+0.01] tr tr 0.10+0.00

Z SFA 4794 +0.50 47.19 £0.95 5112+ 1.26 49.11 £ 139
16:1 n-9 024+001 0.29+0.09 0.22+0.01 0.21+003
16:1 n-7 0.61 £0.024 0.81+0.012 0.79+ 0.012 1.35 +0.20b
18:1 n-9 1428 £0.90 1530+ 0.74 1513 +£0.22 1418 £0.35
18:1 n-7 442 £0.20 5.10£0.55 483+041 452+020
20:1 n-9 0.54+£0.02 0.62 £ 0.08 0.67+0.10 0.60 £ 0.09
20:1 n-7 0.25+0.0I 0.42£0.04 046 £0.02 0.341£001
22:1n-9 tr 0.07£0.01 tr tr

Z MUFA 2034t 1.16 22.61£1.52 22.10£0.77 2120+ 0388

18:2 n-6 0.86 £ 0.244 0.22+0.01b 0.87+£0.072 0.54 + 0.063b
20:3 n-6 0321001 022+0.02 0.32+0.05 0321005
20:4 n-6 13.92 £0.62 1225+ 0.71 11.73 £ 0.94 11.85+0.96
22:4 n-6 2.61 £0.06 2.15+0.09 262 +0.51 1.75+0.14
22:5n-6 1.00+0.122 1.86 +0.05b 0.38 £ 0.09¢ 0.51 +0.01¢d

Z (n-6) 18.71 £ 1.59 16.70 £ 0.88 1592+ 1.64 14971122
22:5n-3 0.14 £0.022 0.20+0.01b 0.16 +0.013b 0.52 £0.01¢
22:6 n-3 1392 £0.67 12.56 + 0.47 11.76 £ 0.74 15.87 +0.85

Z(n-3) 14.06 £ 0.69 12.76 £ 0.48 1192 £0.75 16.39 £ 086
20:3 n-9 - 147 +£0.02 - -
Z PUFA) 3277 £228 3093 £1.38 27.84+2.39 3136 £2.08
n-6/n-3 1.33£0.02 1.30 £ 0.01 133+0.03 0.91 £0.01
DBU/S 3801034 3.6210.50 3.06+0.24 371+£0.20
18:1/18:0 0.68 +0.02 0.73 £ 0.01 0.68 £ 0.01 0.66 +£0.03
20:3 n-9/20:4 n-6 - 0.12+0.01 - -
20:3 n-6/18:2 n-6 0.37+0.012 1.00 +0.00b 036+0.012 0.59 +0.01¢
20:4 n-6/20:3n-6 4350 =002 55.68 +0.03 36.75 £0.01 37.03£0.02
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Figure 1.
Specific activity of 5' nucleotidase in microsomes of rats fed various diets at different ages. Values

are means + SD of 4 animals. Experiments were done in triplicate.

A. Brain
B. Liver.
® Fish-oil diet ¥ Control diet
O Peanut-rapeseed oil diet V Fat free diet

docosahexaenoic acids) are incorpored into brain phospholipids of rats (30). In order to interpret
the enhancement of 5'-nucleotidase activity in brain microsomes, where there was no significant
change in fatty acid composition, we shall suppose different possibilities of lipid influence on the
enzyme activity. Dietary lipids can affect chemical and physical properties of membranes.
Positional distribution and composition of fatty acids in the membrane is subject to intrinsic
control. These intrinsic mechanisms theoretically could provide and maintain optimal membrane
composition despite fluctuations in dietary lipid. Moreover, the activity of 5'-nucleotidase can be
modﬁlat_ed by particular phospholipids, and may change also as a consequence of changes of
metabolic rates. Feeding fats of different fatty acid composition does not appear to alter the ratio

i
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of unsaturated-to-saturated fatty acids, suggesting that membranes generally display a
considerable degree of homeostasis with respect to this parameter. This homeostasis suggests an
important role for membrane lipids in regulating membrane and cellular functions. The decrease in
5'-nucleotidase activity elicited by a fat-free diet may be due to the diminished polyunsaturated
fatty acid content of microsomal membranes and lead to increased synthesis of monounsaturated
fatty ' acids to maintain the appropriate "fluidity" of membranes and the proper
unsaturated/saturated fatty acid ratio. Moreover, alterations in pituitary function have been
reported in essential fatty acid deficiency (31). Consequently, the decreased S'-nucleotidase
activity in the deficient membranes might result from altered pituitary function, perhaps in
response to altered prostaglandin production, as well as from changes in membrane fatty acid
composition. In early studies, investigators found that EFA-dependent decreases in (n-6) PUFA
led to a 25 % to 50 % reduction in the specific activities of 5'-nucleotidase in liver (32) and
cardiac (33) membranes. Bernsohn and Spitz (34) when they found that the significant (>60 %)
reduction in 5'-nucleotidase activity in brain membranes from rats fed a fat-free diet for 4 months
could be reversed by linolenic but not linoleic acid feeding. Consistent with this, Bourre et al (35),
recently reported that diet-induced decreases in (n-3) PUFA (e.g., diets containing sunflower,
peanut, soya, or rapeseed-oil) resulted in a 20 % reduction in enzyme activity in rat neural
membranes. On other hand the increase in 5'-nucleotidase activity induced by a fish-oil diet could
be due to changes in the membrane fluidity or to the specific effect of (n-3) fatty acids on the
enzyme itself (36-38). Specific interactions between (n-3) PUFA and particular domains of
proteins may affect catalytic properties of the enzyme, or localized changes in membranes may
affect enzyme-substrate interactions. Johannson, Smith and Metcalfe (39) suggested that the
optimal protein conformation for enzyme activity is maintained by lipids with chain lenghs which
match the dimensions of the hydrophobic surface of the transbilayer part of the protein structure,
leaving the polar head groups appropriately apposed to the more polar parts of the protein
structure at the surface of the bilayer.

From these results, it appears that dietary fats can influence the activity of 5'-nucleotidase. The
implications of increased 5'-nucleotidase activity following fish-oil ingestion are of potential
significance. A higher 5'-nucleotidase activity, by releasing adenosine, a vasodilating agent (40),
could increase blood flow to the heart. Adenosine also inhibits platelet aggregation induced by
ADP in a competetive manner (11) and this inhibition could help in reducing thrombosis.
Yannarell and Aronson (41) have suggested that 5'-nucleotidase may be involved in defense
mechanisms protecting cells from foreign RNA. Adenosine can also depress the release of
acetylcholine and other neurotransmitters, adversely affecting neuromuscular functions (42).
Furthermore, the possibility that 5'-nucleotidase might be involved in triggering cell growth and
differenciation has been suggested (43) and this may have implications in atherogenesis (44). In
conclusion, the results of the present study suggest that the impact of dietary fats on the activity
of 5"-nucleotidase can be mediated though factors such as fatty acyl composition of the membrane
lipids and physical properties of the p}embrane.
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