THE JOURNAL OF

Nutritional
Biochemistry

)

ELSEVIER Journal of Nutritional Biochemistry 12 (2001) 396403

Effect of sucrose addition to drinking water, that induces hypertension
In the rats, on liver microsomal9 andA5-desaturase activities

Mohammed E| Hafidi*, Adela Cudlar® Jorge RarmieZ’, Guadalupe Bars®

?Departamento de Biodmica, Instituto Nacional de Cardiolégi“lgnacio Chavez”. Juan Badiano 1. Keco, D.F. 14080, Mexico
PDepartamento de Microbioldg) Instituto de Fisiologa Celular, UNAM, Meaico, D.F. 14080, Mexico

Received 7 June 2000; received in revised form 29 January 2001; accepted 9 February 2001

Abstract

This study was undertaken with the aim of investigating the effect of sucrose addition to the drinking water of rats who were fed witt
the same diet as a control group, 48- andA5-desaturase activities and on the fatty acid composition of serum and liver microsomes.
Weanling male Wistar rats had 30% sucrose in their drinking water for 20 weeks. An increase in total calories consumed, visceral f:
accumulation, insulin, triglycerides and blood pressure and a decrease in the food intake were observed in the sucrose-fed group as comp
with the control group. A decrease in linoleic andinolenic acid (essential fatty acids) in all serum lipid fractions of sucrose-fed rats was
found. This observation correlated with a low food intake by sucrose-fed rats. The conversidfi@fllmitic to [1**C]-palmitoleic acid
by A9-desaturase activity was increased in sucrose-fed compared with control rats, while the conversit@]edifomo-y-linolenic acids
by A5-desaturase activity was depressed. In sucrose-fed as compared to control rats, the proportion of palmitoleic and oleic fatty acids w
increased. Arachidonic acid was decreased in sucrose-fed rats. The 1,6-diphenylhexatriene fluorescence polarization of the microsol
membranes was significantly lower in the sucrose-fed group compared to the control group. These results indicate that the sucrose addi
to the drinking water of the rats increased microsoth@desaturase activity and membrane disorder and decreased the activity of the
A5-desaturase, a key enzyme in the biosynthesis of arachidonic acid, implicated in hypertension. © 2001 Elsevier Science Inc. All righ
reserved.
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1. Introduction metabolic consequences of sucrose addition to the water
that induces hypertension in animals, are limited particu-
The intake of a diet rich in fructose or sucrose has long larly to those concerning fatty acid modifications of serum
been known to result in elevated serum triglycerides in both and membrane phospholipids of microsomes from rat liver.
humans and experimental animals [1-3]. So far, most ani- Polyunsaturated fatty acids (PUFA) are major constituents
mal studies on the mechanism underlying carbohydrate-of the membrane phospholipid bilayer, since PUFA com-
induced hypertriglyceridemia and alterations in the fatty position is the most important factor that influences the
acid (FA) metabolism, have been carried out using a diet membrane physical properties and related cell functions
rich in carbohydrate with the same proportion of the nutri- [6,7]. Changes in the fatty acid composition of several
ents as the control diet, except that the carbohydrates werdissues can be attributed to the type of fat ingested in the diet
replaced with starch [4,5]. These studies described that theor to the alterations in the metabolism such as their oxida-
administration of carbohydrates and the observation of its tion, their incorporation in the membrane phospholipids or
effect on the fatty acid metabolism in animals was carried to the desaturase activities, enzymes implicated in the bio-
out for periods of short- or medium length (a few weeks) of synthesis of the PUFA. Considering the important role of
carbohydrate ingestion, which are not sufficient to cause n-6 PUFA and their oxygenated metabolites in hyperten-
high blood pressure in the animals. Studies on the long-termsion, it has been shown that normal and hypertensive ani-
mals on an essential fatty acid-deficient diet, such as that of
* Corresponding author. Tel.+1-525-573-2911 and#1-525-573- a linoleic and arachidqnic acid-deficienft .dieF, are prone to
5255, Ext. 1298 fax:+ 1-525-573-0926. blood pressure elevation [8,9]. A modification in arachi-
E-mail addresselhafidi@cenids.ssa.gob.mx (M. El Hafidi). donic acid proportion in tissues could suggest an alteration
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Table 1 the sucrose fed animals. All animals had free access to food

Fatty acid composition of the diet and water. Animals were studied in compliance with our

Fatty acids Composition (% of total  INstitution’s guidelines for animal research. Monthly mea-
identifiable fatty acids) surements of the rats’ arterial pressure were taken with the

C16:0 26.9 tail-cuff method as described previously [13]. Visceral fat

C16:1n-7 3.0 was dissected as described by Belzung et al. [14].

C18:0 19.1

C18:1n-9 27.3 2.2. Blood samples

C18:2n-6 22.4

gig;g;:g 8:2 At the end of the treatment period, the animals were

Other 0.6 fasted overnight and then killed by decapitation. Blood

SFA 46 samples were collected taking care to avoid haemolysis. The

MUFA 30.3 blood was centrifuged at 1088 g for 10 min and serum

PUFA(n-6) 22.7

was separated. The triglycerides were measured by means
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: of an enzymatic technique (Boehringer Mannheim, Mann-

polyunsaturated fatty acids. heim, German) in an Abbott VP Series Il Autoanalyzer

(Irving, TX), according to the method described byge&e

et al. [15]. Insulin was measured by immunoassay (Boehr-

inger Mannheim).

in the bioconversion of linoleic acid to arachidonic acid. A
direct study of the enzymatic bioconversion of this fatty
acid to the long PUFA permits us to investigate the mech-
anisms by which sucrose added to the water induces the
alterations in the fatty acid metabolism observed in rats
[10,11]. The desaturation of the fatty acids is an important

fz;ctor in thle r_e%ulation ththi T\embranfe_ disordler, a s_tate homogenizing solution containing: 0.25 mol/L sucrose, 0.1
that strongly influences the behavior of integral proteins. g, EDTA, 62 mmol/L potassium phosphate buffer,
The physical state of the membrane can be investigated by, 15 mol/L KCI, 5 mmol/L MgCh and 1 mmol/L DTT (final
tgepljluorescence polarization of 1,6-diphenylhexatriene pH 7.4). The liver was cut into thin slices and homogenized
( ), a method that has be‘?” frequently_used to study theusing a glass teflon-homogenizer. Cell debris and nuclei
rate and the range of fatty acids wobbling in the membrane were removed by centrifugation at 754g for 10 min, then

[12]. In the present work we Stgd'ed the effect of SUCTOSE 40 supernatant was centrifuged at 12 668 for 10 min to
added to the wz_iter of rats an vitro desqt_urase activities o jiminate the mitochondrial fraction. The resulting superna-
and altergtlons in the _fatty acid composition that_ produces vt was used for the isolation of the microsomal fraction by
changes in the physical state of their liver microsomal centrifugation at 100 000< g during 45 min. All these

2.3. Isolation of microsomes

Liver microsomes were prepared as reported in the lit-
erature [16]. The liver was removed and placed in ice-cold

membrane. operations were carried out at 4°C. The pellet was sus-
pended in the homogenizing buffer at 20 mg protein by ml
and stored at-70°C. The purity of the microsomal fraction

2. Methods and materials was assessed by measuring glucose-6-phosphatase and suc-
cinate dehydrogenase for their contamination by mitochon-

2.1. Animals and diet drial fraction [17]. Protein was measured by the method of

Lowry et al. [18], using bovine serum albumin as standard.

Weanling male Wistar rats aged 28 days and weighing
approximately 45- 2 g were housed with a 12-h light-dark  2.4. Lipid extraction and fatty acid composition profile
cycle and randomly separated into two groups of 6 animals:
Group | (Control), rats given tap water for drinking and Five hundredul of serum, containing 22@mol/L BHT
Group Il (sucrose-fed) rats given 30% sucrose in their as antioxidant and stored at70°C were used for the ex-
drinking water for periods of approximately 20 weeks. All traction of lipids as described by Folch et al. [19] in the
animals were fed with commercial rat chow (PMI Nutrition presence of phosphatidylcholine-diheptadecanoyl, 1,2,3-tri-
International, Inc., LabDiet 5008, Richmond, IN, USA) heptadecanoylglycerol and cholesterol-3-heptadecanoate as
ad-libitum. Chow-diet contained: 23.5% of crude protein; internal standards for phospholipids (PL), triglycerides
3.8% of crude fiber; 6.8% of ash; 2.5% of mineral; 6.5% fat (TG) and cholesterol esters (CE), respectively. All solvents
from animals and vitamins: 4 ppm carotene, 15 U/g vitamin used for the extraction contained 0.005% BHT as an anti-
A, 3.3 U/g vitamin D, 55 U/g vitamin E. Fatty acid com- oxidant. The lipid extracts were separated by monodimen-
position of the diet is shown in Table 1. The end of the sional thin layer chromatography (TLC) on silica gel 60G
sucrose treatment period was taken as the time when theusing a mixture of hexane-ether-formic acid (80:20:2, by
blood pressure was significantly increased in at least 80% ofvol.). Lipid standards were run in parallel to identify the
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various lipid classes and were visualized by exposure to off, the radioactivity was determined by liquid scintillation
iodine vapors. The lipid fractions such as PL, TG and CE, counting.
not exposed to iodine, were scraped off and were transes-
terified to their FA methyl esters as described by Christie 2.6. Determination of fluorescence polarization
[20]. The lipid fractions were transesterified to their fatty
acid methyl esters by heating at 80°C for 2 hours with  The fluorescence polarization was analysed, at 30°C, in
MeOH, containing 2% concentrated, 50, and 0.005% microsomes (2 mg protein) incubated in 2 ml of media
BHT. Fatty acid methyl esters were separated and identified containing 0.25 mol/L sucrose adjusted to pH 7.3 with Tris
by gas liquid chromatography in a Carlo Erba model 2300 base. In addition, the media contained 1 mmol/L DPH
chromatograph, fitted with a 25 i 0.25 mm i.d. fused-  solubilized in dimethylformamide. The mixture was incu-
silica capillary column, which was coated with CP-Sil 88 bated at 25°C during 30 min. Each sample was subjected to
(film thickness 0.25um). The analysis was carried out at polarization analysis in an Aminco Bowman fluorometer
195°C (oven temperature), using helium gas as a carrier, at(340 nm excitation—417 nm emission) [12].
a flow rate of 1 ml/min.

The microsome fraction, containing BHT as antioxidant 2.7. Data analysis
(226 nmol/10 mg protein), was stored af70°C until the
lipid analysis was carried out. Ten mg of microsome protein  Statistical analysis was performed by means of a statis-
were used for the extraction of lipids in the presence of tical and graphic system (SigmaPlot, version 2.01, Jandel
phosphatidylcholine-diheptadecanoyl, as an internal stan-Corporation, 1986-1994). Data are presented as the
dard [19]. The phospholipids were separated from neutral mean* SD. Statistical significance was determined by the
lipids by thin layer chromatography on silica gel 60G. The Student’st test (p < 0.05).
phospholipid fractions, not exposed to iodine, were scraped
off and transesterified to their fatty acid methyl esters as 2.8. Materials
described above. Phospholipid quantification was carried
out as reported in the literature [21]. [1 **C]-dihomo-y-linolenic (54 mCi/mmol) and [£‘C]-
palmitic acid (45 mCi/mmol) were purchased from Amer-
sham International (Amersham, England). Unlabeled fatty
acid, butylated hydroxy toluene (BHT), coenzyme A, bo-

The conversion of [£/C]-dihomo-y-linolenic and of [1 vine serum albumin, free fatty acids, ATP, and NADH were
14C]-palmitic acid to their corresponding products was-per purchased from Sigma Chemicals Co. (St Louis, MO,
formed as described in the literature [22]. The desaturaseUSA). All the other chemicals were of analytical grade.
assay was carried out at 30°C for 10 min, in a final volume
of 1.5 ml of a solution containing: 0.04 mmol/L potassium
phosphate buffer (pH 7.0), 0.70 mmol/L gluthatione, 1.3 3. Results
mmol/L ATP, 0.06 mmol/L coenzyme A, 0.87 mmol/L
NADH, 0.04 mmol/L NaF, 0.33 mmol/L nicotinamide, 5 Table 1 shows the fatty acid composition of the diet. It
mmol/L MgCl,, 200 nmol dihomoy-linolenic acid (1000 contained a relatively large amount of linoleic acid (22.4%),
d.p.m./nmol) and palmitic acid (1080 d.p.m./nmol) in the an essential fatty acid and a precursor of arachidonic acid
presence of 5 and 3 mg protein, respectively. At the end of
the incubation time, the reaction was stopped by addition of Table 2
2 mL 10% methanolic KOH and mixed vigorously. The characteristics of the rat groups
resulting mixture was saponified at 70°C for one hour.

2.5. Enzymatic assays

Afterwards the medium was acidified with 2 mol/L HCl, arables Control Sucrose-fed
Fatty acids were extracted with petroleum ether and ester-Liquid consumption (mL/d) 4x 6 33.7+36
ified to their corresponding methyl esters. The products of (éauivalent in Kcal) 0 I
the desaturation were separated from their corresponding; 220 CrSHmPton (6/d) 1751 139+ 08"
Sep , SP Yiequivalent in Kcal) 61.2- 6.5 48.6+ 2.8
reagents by TLC on silicagel 60G impregnated with 10% Total Kcal 61.2+ 6.5 80.0+ 0.8%+
silver nitrate. In the desaturation experiments, fatty acid Body weight (g) 433.00- 42.27 410.90+ 31.81
methyl esters obtained from total microsome lipids, were \T/'_Sclefa' _fgt (9() " %)3%; (1)'3?1 ?l";-gi g-gg*"*
- - - riglycerides (mmo . . .73+ 0.89*%
fractlonat_ed by argentat.lon TLC using a solvent_ system, o . Pressure (mm Hg) 113.7613.64 148,50 10 45
hexane-diethyl ether (85:15, by vol), to separate dienes and,syiin (mu/mL) 76+ 0.6 115+ 1.9*

monoenes from saturated fatty acids. Diethyl ether-metha-
nol (90:10, by vol) was used as a solvent system to separate
tetraenes from trienes [23]. The different fatty acid fractions
were visualized with 2 7'-dichlorofluorescein and scraped

Values are meang SD (n = 6).

¥k P < 0.001.
* P < 0.01.
* P < 0.05.
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350 — Table 3
Fatty acid composition of phospholipids of liver microsomes in sucrose-
300 - fed and control rats
Fatty acids Control group Sucrose-fed group
< 250 C16:0 23.44+ 4.09 31.64+ 2.54%
g C16:1n-7 1.73t 0.27 3.76x 0.84**
o 200 C18:0 23.79+ 4.31 20.81+ 3.53
& C18:1n-9 8.55- 1.86 16.81+ 3.80**
% 150 C18:2n-6 21.35- 3.75 10.44+ 2.98**
£ C18:3n-6 0.10+ 0.09 0.10+ 0.11
o 100 — C18:3n-3 0.13+ 0.05 0.11+ 0.07
C20:3n-6 1.20+ 0.18 0.90+ 0.13
50 — C20:4n-6 18.56+ 1.88 14.12+ 2.65%*
C20:5n-3 1.68t 0.81 0.43+ 0.17**
C22:6n-3 1.03t 0.53 1.20*+ 0.54
0 SFA 47.24+ 6.11 52.45+ 4.77
MUFA 10.28+ 2.07 20.58* 4.55**
PUFA 44,74+ 5.45 28.26+F 1.17%*
. C16:1n-7/C16:0 0.0% 0.01 0.12+ 0.03**
14'00 _ C18:1n-9/C18:0 0.3% 0.03 0.84+ 0.28*
B C18:3n-6/C18:2n-6 0.005% 0.01 0.01+ 0.03
C20:4n-6/C20:3n-6 15.86 3.91 16+ 4.55
1200 C22:6n-3/C20:5n-3 0.62 0.58 2.96+ 2.65
- 1000 - ‘[ Data represent the weight of each individual FA/weight of total FA as
= percentage (mean of % wt SD,n = 6). SFA, Saturated fatty acids;
g 800 - MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
(®)] **x Significantly different from control group P < 0.001)
= * p < 0.01.
% 600 — *k *P < 0.05.
g 400
200 - ations ofA9 andA5-desaturation were reflected in the fatty
acid composition of serum and liver microsomes.
0 In microsomes from sucrose-fed as compared to those

o 1 il ¢ diet &0 (1) and onAb.desat from control rats, the proportions of palmitoleic and oleic
'g. 1. Influence of dietary sucrose i (1A) and onAS-desawrase oy acids were increased by 34% and 96% respectively,
activities (1B) in rat liver microsomes. Shaded bars correspond to the - . ; . 0
sucrose-fed group and open bars correspond to the control group. EnzymeWh”? araf:h'd(_)n'c acid was found decreased_ bY_23A’ (Table
activities were expressed as pmol of labeled palmitoleic and arachidonic 3). Linoleic acid was found in a lower proportion in sucrose-
acid converted from palmitic and dihomglinolenic acids per minute per  fed rats. The latter variations resulted in a significant in-
mg of microsomal protein. The results are meansSD of six separate crease of total monounsaturated fatty acids (MUFA) and in
. : o % 0 05 01, ase |
microsomal preparations from six different raté: = 0.05; **P < 0.01 a significant decrease of total PUFA. In the case of saturated
fatty acids (SFA), palmitic acid increased by 32% in su-
biosynthesis. Both groups of animals ingested the same typec"0Se-fed rats, while stearic acid was present at the same
of fatty acids level in both groups. This result was not reflected in total
Table 2 shows no difference in the liquid consumption SFA which were moderately increased in the sucrose-fed

between the two groups but a significant decrease in foog droup without a statistically significance. As shown in Table
o . .3, ratios C16:1n-7/C16:0 and C18:1n-9/C18.0 were signif-
and caloric intake in sucrose-fed rats. Under these condi-

. . . . icantly higher (0 < 0.01 andp < 0.05 respectively) in
tions, we found t_ha? _the |_ngest|on _Of a high amount of sucrose-fed rats. No difference was observed in ratios C18:
sucrose led to a significant increase in the level of TG 3, 6/c18:2n-6 and C20:4n-6/C20:3n-6 between sucrose-fed
0.05) andnsulin (p < 0.05) in theserum and a significant 54 control rats.
increase of bI(_)od pressure (BR) € 0.01) and invisceral In the serum, lipid fractions (PL, TG and CE) were
fat accumulation p < 0.001). separated by TLC. Fatty acid composition of each is shown
Fig. 1 shows the desaturation enzyme activities. The iy Table 4.
conversion of palmitic to palmitoleic acid hy9-desaturase In the PL fraction, sucrose feeding caused a significant
activity (Fig. 1A) was increased by 155% in sucrose-fed rats increase in palmitoleicf < 0.01),oleic (p < 0.01), and
compared with the control, while the conversions of di- dihomo-+-linolenic acid (o < 0.01) proportions and a
homo-y-linolenic acids byA5-desaturase (Fig. 1B) activity, significant decrease in linoleigp(< 0.01) andarachidonic
were depressed in sucrose-fed rats by 57%. Those alter-acid (p < 0.01) proportions. An increase in palmitic acid
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Table 4
Fatty acid composition of lipid serum fractions and some ratios of products/substrates in the sucrose-fed and control rats

Phospholipids Triglycerides Cholesterol esters
Fatty acids Control Sucrose-fed Control Sucrose-fed Control Sucrose-fed
C16:0 29.64+ 3.48 36.37+ 3.69* 31.98* 3.42 38.72¢ 4.34* 17.27+ 2.15 24.35+F 4.56**
C16:1n-7 0.84+ 0.34 2.46+ 0.81** 2.56=* 1.08 5.48+ 1.64** 296+ 1.29 747+ 2.41*%*
C18:0 22.14+ 4.90 18.59+ 3.46 7.95+ 0.98 5.74+ 1.73 4.98+ 1.88 7.37=5.44
C18:1n-9 6.37 1.63 11.43+ 2.64** 36.62+ 1.63 42 .52+ 4.15** 9.52+1.18 15.44+ 4.29**
C18:2n-6 26.72= 3.00 18.31+ 2.25** 18.72* 2.82 6.49+ 2.04*** 28.25+5.24 16.21+ 6.15**
C18:3n-6 0.20+ 0.13 0.30* 0.21 0.22+ 0.17 0.19+ 0.10 0.67+ 0.23 0.98+ 0.09*
C18:3n-3 0.29+ 0.22 0.15% 0.13 0.63*= 0.19 0.26x 0.07** 0.62=* 0.26 0.17+ 0.39*
C20:3n-6 0.76+ 0.30 1.63+ 0.49** 0.15* 0.08 0.24+ 0.12 0.44+ 0.41 0.90+ 0.57
C20:4n-6 10.49+ 1.02 7.85+ 1.11** 0.76 = 0.30 0.33* 0.15* 32.21+ 6.72 22.81+ 6.27*
C20:5n-3 0.82+ 0.22 0.74+ 0.33 0.75% 0.48 0.51+ 0.21 2.82+1.76 2.24+ 1.66
C22:6n-3 1.74+ 0.52 2.59+ 1.29 nd nd 0.81 0.22 1.16+ 0.29*
SFA 51.78+ 7.93 54.96+ 2.97 39.93* 3.95 44.20+ 4.95 22.76+ 3.19 31.83* 9.72*
MUFA 7.21+1.98 13.89+ 1.80*** 39.18+ 2.71 47.99+ 4.42* 12.48+ 2.99 22.91+ 4.51%+*
PUFA (n-6) 38.07 8.74 28.01* 2.85* 20.05* 5.30 7.24+ 2.22%** 61.59 + 5.97 41.01* 11.61**
PUFA (n-3) 2.85+ 0.52 3.48+ 1.33 1.17+ 0.52 0.75*+ 0.29 5.19+ 1.64 4.07+ 1.46
C16:1n-7/C16:0 0.03 0.01 0.07£ 0.03** 0.08 = 0.04 0.14=+ 0.04* 0.17+ 0.07 0.32+ 0.13*
C18:1n-9/C18:0 0.2% 0.08 0.65+ 0.25** 4.67*+ 0.68 8.02+ 2.82* 2.10+ 0.07 2.89+ 1.82
C18:3n-6/C18:2n-6 0.0t 0.01 0.02+ 0.01 0.01*+ 0.01 0.03* 0.01* 0.02+ 0.01 0.06x 0.02**
C20:4n-6/C20:3n-6 13.8fr 4.15 5.19+ 2.37** 5.15* 2.04 1.39+ 1.14* 110.53* 67.17 35.46+ 27.13*

Data represent the weight of each individual FA/weight of total FA as percentage (mean oft%6®) (n = 6 different animals).
*** Significantly different from control group P < 0.001).

*» (P < 0.01).

*(P < 0.05).

nd: not detected.

level was noted while the proportion of stearic acid was not control rats. These results indicate an increase of total SFA
significantly changed. These variations resulted in a signif- (p < 0.05) and MUFA ( < 0.001) and alecrease in the
icant increase of total MUFA and in a significant decrease PUFA (p < 0.01).Ratio C16:1n-7/C16:0 was significantly
of total PUFA. As shown in Table 4, ratios C16:1n-7/C16:0 higher while no significant difference was observed in the
and C18:1n-9/C18:0 were significantly highgy € 0.01) ratio C18:1n-9/C18:0 between both groups. Ratio C18:3n-
in sucrose-fed rats while C18:3n-6/C18:2n-6 was not sig- 6/C18:2n-6 was significantly higher whereas C20:4n-6/C20:
nificantly different from that of control rats. In contrast ratio 3n-6 was significantly lower, in sucrose-fed rats as com-
C20:4n-6/C20:3n-6 was significantly lowep (< 0.01) in pared with control rats.
sucrose-fed rats. The effect of sucrose feeding on the fluorescence polar-

In the TG fraction we observed a significant increase in ization of DPH and on the relative percentage of cholesterol
the palmitic (p < 0.05), palmitoleic (p < 0.05) andoleic and phospholipids, factors which can influence the physical
(p < 0.05) proportions and a significant decrease in the state of the microsomal membrane, is shown in Table 5.
linoleic, a-linolenic and arachidonic acids. These results There are no statistical differences in cholesterol and phos-
indicate an increase in total MUFAp(< 0.05) and a
decrease in the PUFAp(< 0.001) insucrose-fed group.
Ratios C16:1n-7/C16:0 and C18:1n-9/C18:0 were signifi- Table 5 o . S
cantly higher < 0.05) in thesucrose-fed rats. In con- rluorescence polarization of DPH and lipid profile in liver microsomes

. . rom sucrose-fed and control rats

trast, ratio C20:4n-6/C20:3n-6 was significantly lowgr<

005) in thesucrose-fed group. Variables Control Sucrose-fed
In comparison with controls, the following changes were chol (umolimg prot.) 44.0+ 2.8 48.4+ 6.5
observed in the serum CE fraction of the sucrose-fed rats: A PL (umol/mg prot.) 541+ 25 585+ 33
higher proportion of palmitic acid was foungh (< 0.01). Chol/PL 0.77% 0.24 0.83+ 0.01
As observed in PL and TG fractions, the proportions of SFAMUFA 469 0.79 273+ 1.07™
oo : . S . SFA/PUFA 1.09+ 0.24 1.77+ 0.16%
palmitoleic and oleic acid were significantly highep & Polarization 020 0.002 0.190* 0.008*

0.01, andh < 0.05respectively). In the case of PUFA such
as linoleic, a-linolenic and arachidonic acids, they were
present in a significantly lower proportion. A significant .. Significantly different from control group ® < 0.001).
increase p < 0.05) in theproportion of docosahexaenoic P < 0.01.
acid was observed in sucrose-fed as compared with the *pP < 0.05.

Results are the meah SD of six animals.
Chol., Cholesterol; PL, Phospholipids.
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pholipid content. The cholesterol-phospholipid ratio re- acid content as described in our present study [29,30].
mained constant under the dietary regime applied in our Indeed, linoleic acid as 6-desaturated essential fatty acid has
study. This ratio was calculated in view of the influence of been found to lower blood pressure in hypertensive humans
this variable on the membrane disorder of the lipid bilayer [31,32] and attenuate the development of hypertension in
[24]. However, an increase in the total MUFA and a de- spontaneously hypertensive rats [33], when administered in
crease in the total PUFA observed in liver microsomes from the diet. In our sucrose-fed rats, the lower proportion of
sucrose-fed rats were reflected in ratios SFA/MUFA and linoleic acid could be attributed to its deficient uptake from
SFA/PUFA that were significantly lower and higher in su- the diet. Alpha-linolenic acid also has been found in lower
crose-fed group, respectively. The DPH fluorescence polar-proportion in sucrose-fed rats as compared to the control
ization of the microsomal membrane, measured at 30°C, group. Enhanced dietary intake of alpha-linolenic acid de-
was significantly lower in sucrose-fed compared with the creases blood pressure in spontaneously hypertensive rats
control group. The lower polarization reflects the higher and increases prostacyclin formation [34]. On the other
microsomal membrane disorder. hand, a deficiency in essential fatty acids and proteins in-
duces alterations in th&9 andA5-desaturase activity in the
rats [35,36]. Desaturases are key enzymes in the biosynthe-
4. Discussion sis of the monounsaturated and PUFA and thereby contrib-
ute to the control of the fatty acid-dependent structure and
The purpose of this study was to investigate the mecha- disorder of the membrane. A relationship has been observed
nism by which a long sucrose ingestion period induces between the C16:0/C16:1n-7 and C18:0/C18:1n-9 ratios
alterations in the cell membrane fatty acid composition and (usually used as indices @i vivo A9-desaturase activity)
the possible relationship between sucrose-induced hyperin-andin vitro A9-desaturase activity. The significant increase
sulinemia and hypertension and changes in cell membranein the proportion of palmitoleic and oleic acids may reflect
fatty acid composition, which could influence those bio- thein vivo higher activity ofA9-desaturase. An increase in
chemical processes involved in the development of hyper- the A9-desaturase activity has been reported to be related to
tension. hyperinsulinemia [37,38]. Indeed insulin has been found to
Sucrose added to the drinking water of the rats induces ainduce an over-expression d9-desaturase in animals as
significant increase in TG, in insulin concentrations and in well as in cell cultures [39,40]. A significant increase in the
BP. There was no statistically significant difference in the conversion of palmitic to palmitoleic acid ky9-desaturase
weight between control and sucrose-fed rats, coinciding in vitro, may be attributed to a high level of the enzyme in
with what is described in the literature [25,26]. The lack of microsomes, due to the hyperinsulinemia observed in the
weight difference between the two groups might be ex- sucrose-fed rats\5-desaturase activity, key enzyme in the
plained by lower food intake by the sucrose-fed in compar- biosynthesis of the arachidonic acid, is depressed in the
ison with the control animals. The body composition was sucrose-fed rats. The decrease of Atedesaturase activity
not examined in detail, but a significant increase in visceral in vitro was indirectly shown by the pattern of serum and
adipose tissue was noted in sucrose-fed rats due to the higHiver microsomal fatty acid composition, with a decrease in
energy intake (Table 2). This observation agrees with that the proportion of arachidonic acid. The proportion of di-
described by Toida et al. [26] Visceral fat accumulation has homo-y-linolenic acid, a direct precursor of arachidonic
been found to be closely related to hyperinsulinemia, hy- acid, was higher in serum phospholipids, which can be
perlipidemia and hypertension [27]. Nevertheless, direct related to the decrease in té&-desaturase activity and a
implication of the increase in visceral fat, induced by su- lower proportion of arachidonic acid in the sucrose-fed rats.
crose feeding in the rats, in the development of hypertensionOn the other hand, the reduction in arachidonic acid bio-
has not been demonstrated and needs further investigationsynthesis could be a determining factor that may account for
The analysis of the fatty acid composition showed a an altered synthesis of arachidonic-derived prostaglandins
significant modification in the FA metabolism such as an (PGE, PGL, TXA,), involved in the regulation of vascular
accumulation of palmitic acid in serum; isoxidation may tone. IndeedA5-desaturase activity has been found to be
be depressed, while its biosynthesis and its esterificationlower in spontaneously hypertensive rats [41]. Thus an
into PL, TG and CE may be concurrently elevated in the imbalance in the distribution of the C20 PUFA (dihome-
liver. High proportions of palmitoleic and oleic were found linolenic, arachidonic and eicosapentaenoic) can contribute
in all serum lipid fractions analyzed, indicating a probable to the development and the maintenance of hypertension in
increase of thé9-desaturase activity. The increase in blood sucrose-fed rats.
pressure might be relative to the increase in oleic acid level.  Alterations in the fatty acid composition of the microso-
Oleic acid has been reported to exert a pressor effect in ratsmal membrane affect its physical state. The effect of the
when administered by intravenous infusion [28]. number and position of double bonds situated along the
One of the most frequently observed alterations in serum fatty acyl chain of phospholipids, on the physical properties
from humans with essential hypertension, and in experi- of the lipid bilayer, has been well studied [42]. A significant
mental hypertensive animals, is the reduction of linoleic difference observed in the DPH fluorescence polarization
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reflects a high membrane disorder of the liver microsome [4] M.J. Pagliassotti, P.A. Prach, T.A. Koppenhafer, D.A. Pan, Changes
membrane in the sucrose-fed rats, that can alter the kinetic in insulin action, triglycerides and lipid composition during sucrose
biosynthesis of PUFAs [43,44]. However, the change in the _, feeding in rats, Am. J. Physiol. 271 (1996) R1319-1326. .

. .. L. . [5] E.C. Mandon, I.N. de Gomez Dumm, R.R. Brenner, Effect of high
fatty acid composition observed in liver microsomes and carbohydrate and high protein diets on microsomal fatty acid com-
characterised by an increase in palmitoleic and oleic acids, position, “fluidity” and delta 6 desaturation activity in kidney and
corresponds to the physical change observed in the lipid lung, Acta. Physiol. Pharmacol. Latinoam. 38 (1988) 49-58.
bi|ayer of microsomes, induced by sucrose feeding_ The [6] M.T. Clandinin, S. Cheema, C.J. Field, M.L. Garc, L. Venkatraman,
disorder of the membrane could be the result of a high T.R. Clandinin, Dietary fat: exogenous determination of membrane

. . . . structure and cell function, FASEB J. 5 (1991) 2761-2769.
proportion of monounsaturate(_j fatt_y acids in the microso- 7] B.J. Litman, D.C. Mitchell, A role for phospholipid polyunsaturation
mal membrane as observed in microsomal membrane of * i, modulating membrane protein function, Lipids 31 (1996) 5193—
liver from spontaneously hypertensive rats [45]. These fatty 5197.
acids have been found to induce a high membrane disorder [8] S.C. Langley-Evans, A.G. Clamp, R.F. Grimble, A.A. Jackson, In-
in liposomes constituted by phospholipids containing a spe- "‘luezcg of giitafz;?tlsggg;”; f;’sg'g blood pressure in the rat, Int. J.

e : : : ood Sci. Nutr. —425.
cific f.atty acid [42]. Other parameters, Whlc.h can modify the. [9] R. Dissing, R. Scherhag, K. Giaer, U. Budde, H.J. Kramer, Dietary
physical state Qf _t_he membrane and can induce change_s _m linoleic acid deprivation: effects on blood pressure and PGI2 synthe-
desaturase activities such as cholesterol and phospholipid  sis, Am. J. Physiol. 244 (1983) H228-233.
ratios, were not changed in the sucrose-fed as compared10] M. El Hafidi, G. Bdios, In vivo plasma lipid oxidation in sugar-
with the control rats. induced rat hypertriglyceridemia and hypertension, Hypertension 30
With the present data we are not able to define entirely _ (1997) 624-628.

the direct cause of blood pressure elevation induced by a[11] M. El Hafidi, R. Valdez, G. Baos, Possible relationships between
altered fatty acid composition of serum, platelets and aorta and

high ingestion of sucrose in the rats. However, since mem- hypertension induced by sugar feeding in rats, Clin. Exper. Hyper-

brane function is one of the most important physiological tension 22 (2000) 99-108.

processes, our findings show far-reaching involvement of [12] J.E. Pessin, D.W. Salter, M. Glaser, Use of a fluorescent probe to
the alteration of membrane fatty acid composition and of compare the plasma membrane properties in normal and transformed

desaturase activities in the elevated blood pressure. Never- cells. Evaluation of the interference by triacylglycerols and alkyldia-
. cylglycerols. Biochemistry 17 (1978) 1997-2004.

thele_ss’ O_ther faCt(_)r_S such as psychosocial stress [46] a_nql3] G. Bdfos, K. Carvajal, G. Cardoso, J. Zamora, M. Franco, Vascular
physiological conditions such as hormonal balance, nutri- reactivity and effect of serum in a rat model of hypertriglyceridemia
tional factors and aging [47,48] can modulate the activity of and hypertension, Am. J. Hypertens. 10 (1997) 379-388.

the desaturase enzyme and thereby contribute to the regufl4] F. Belzung, T. Raclot, R. Groscolas, Fish oil n-3 fatty acids selec-
lation of the biosynthesis of the immediate precursor of tively limit the hypertrophy of abdominal fat depots in growing rats

. Lo . . : fed high fat diet, Am. J. Physiol. 264 (1993) R1111-R1118.
E;(;)S(;[yiglr]asr:g:]n production implicated in the pathogenesis of [15] U. Negele, E.O. Hgele, G. Sauer, E. Wiedmann, P. Lehmann, A.W.

Wabhlefeld, W. Gruber, Reagent for the enzymatic determination of
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associate y ) [17] J.M. Graham, The identification of subcellular fractions from mam-

malian cells. in: J. Graham and J. Higgins (Eds.), Biomembrane

Protocols, I. Isolation and analysis, Humana Press Inc, Totawa, New

Acknowledgments Jersey, (1993) pp. 1-18. _
[18] O.H. Lowry, N.J. Rosebrough, A. Farr, R.J. Randall, Protein mea-
. . . . surement with the folin phenol reagent, J. Biol. Chem. 193 (1951)
This work was partially undertaken with equipment ob- 265-275.
tained through grant No. 3210 PM from the National Coun- [19] L. Folch, M. Lees, C.H. Sloane-Stanley, A simple method for the
cil for Science and Technology (Conacyt). isolation and a purification of total lipid from animal tissues, J. Biol.
Chem. 226 (1957) 497-509.
[20] W.W. Christie, The preparation of derivatives of fatty acids, in: W.W.
Christie, (Ed.) Gas Chromatography and lipids. The Oily Press, Scot-
References land (1989) pp. 64—84.
[21] P.P. Van Veldhoven, G.P. Mannaerts, Inorganic and organic phos-
[1] G.M. Reaven, T.R. Risser, Y.D. Chen, Characterization of a model of phate measurement in the nanomolar range, Anal. Biochem. 161
dietary-induced hypertriglyceridemia in young nonobese rats, J. Lipid (1987) 45-48.
Res. 20 (1979) 371-378. [22] ALl Leikin, R.R. Brenner, Cholesterol-induced microsomal changes
[2] M.1. Bird, M.A. Williams, Triacylglycerol secretion in rats: effects of modulate desaturase activities, Biochim. Biophys. Acta. 922 (1987)
essential fatty acids and influence of dietary sucrose, glucose and 294-303.
fructose, J. Nutr. 12 (1982) 2267-2279. [23] A. Anel, J. Naval, B. Gonzales, J. Uriel, A. Rino, Fatty acid
[3] J.R. Boogaerts, M. Malone-McNeal, J. Archambault-Schexnayder, metabolism in human lymphocytes. Il. Activation of fatty acid de-
R.A. Davis, Dietary carbohydrate induces lipogenesis and very low saturase-elongase systems during blastic trasformation. Biochim.

density lipoprotein synthesis, Am. J. Physiol. 24 (1984) E77-E83. Biophys. Acta, 1044 (1990) 332-339.



M. El Hafidi et al. / Journal of Nutritional Biochemistry 12 (2001) 396—-403 403

[24] W.J.V. Van Blitterswijk, B.W. van deer Meer, H. Hilkkmann, Quan-  [37] I.N.T. de Ganez Dumm, M.J.T. de Alaniz, R.R. Brenner, Effect of

titative contributions of cholesterol and the individual classes of insulin on the oxidative desaturation of fatty acids in non-diabetic rats
phospholipids and their degree of fatty acyl (un)saturation to mem- and in isolated liver cells, Acta Physiol. Pharmacol. Latinoam. 35
brane fluidity measured by fluorescence polarization, Biochemistry (1985) 327-335.

26 (1987) 1746-1756.

[25] G.M. Reaven, H. Ho, Sugar-induced hypertension in Sprague-Dawley
rats, Am. J. Hypertens. 4 (1991) 610-614.

[26] S. Toida, M. Takahashi, H. Shimizu, N. Sato, Y. Shimomura, I.
Kobayashi, Effect of high sucrose feeding on fat accumulation in the
male Wistar rat, Obes. Res. 4 (1996) 561-568.

[27] Y. Matsuzawa, |. Shimomura, T. Nakamura, Y. Keno, K. Tokunaga,
Pathophysiology and pathogenesis of visceral fat obesity, Diabetes

[38] P.Legrand, D. Catheline, J.M. Hannetel, P. Lemarchal, Stearoyl-CoA
desaturase activity in primary culture of chicken hepatocytes. Influ-
ence of insulin, glucocorticoid, fatty acids and cordycepin, Int. J. Bio-
chem. 26 (1994) 777-785.

[39] B.H. Jones, M.K. Standridge, K.J. Claycombe, P.J. Smith, N.
Moustad-Moussa, Glucose induces expression of stearoyl-CoA de-
saturase in 3T3-L1 adipocytes, Biochem. J. 335 (1998) 405—-408.

Res. Clin. Pract. 24 (1994) S111-116. [40] P. Legrand, A. Bensadqun, .StearyI—CoA desaturase activity in cul-
[28] R.J. Grekin, A.P. Vollmer, R.S. Sider, Pressor effects of portal venous tured rat hePatothes’ BIOCh.Im‘. Blophys..Acta 1086 (1_991,) 89-94.

oleate infusion. A proposed mechanism for obesity hypertension. [41] M- Narce, J.P. Poisson, La biogeeedes acides gras polyinsasiest

Hypertension 26 (1995) 193-198. alterée chez le rat spontament hypertendu lors de l'installation de
[29] S. Grimsgaard, K.H. Bonaa, B.K. Jacobsen, K.S. Bjerve, Plasma I'hypertension arteelle, Arch. Mal. Coeur Vaiss. 89 (1996) 1025—

saturated and linoleic fatty acids are independently associated with 1028.

blood pressure, Hypertension 34 (1999) 478—-483. [42] C.D. Stubbs, T. Kouyama, K. KinOSita, A. Ikegami, Effect of double
[30] Z.J. Zheng, A.R. Folsom, J. Ma, D.K. Arnett, P.G. McGovern, J.H. bonds on the dynamic properties of the hydrocarbon region of lecithin

Eckfeldt, Plasma fatty acid composition and 6-year incidence of bilayers, Biochemistry 20 (1981) 4257—-4262.

hypertension in middle-aged adults: the Atherosclerosis Risk in Com- [43] M. Garce Zevallos, T. Farkas, Manipulation of plasma membrane

munities (ARIC) Study, Am. J. Epidemiol. 150 (1999) 492-500. physical state affects desaturase activity in rat lymphocytes, Arch.
[31] J.L. Deferne, A.R. Leeds, The antihypertensive effect of dietary Biochem. Biophys. 271 (1989) 546-552.

supplementation with a 6-desaturated essential fatty acid concentrate[44] A.l. Leikin, R.R. Brenner, In vivo phospholipid modification induces

as compared with sunflower seed oil, J. Hum. Hypertens. 6 (1992) changes in microsomah5-desaturase activity, Biochim. Biophys.

113-119. Acta 1165 (1992) 189—-193.

[32] J.M. lacono, R.M. Dougherty, Effect of polyunsaturated fats on blood [45] C. Foucher, M. Narce, L. Nasr, M.C. Delachambre, J.P. Poisson,
pressure, Annu. Rev. Nutr. 13 (1993) 243-260.

[33] P. Hoffmann, H.U. Block, J. Beitz, C. Taube, W. Forster, P. Wortha,
P. Singer, E. Naumann, H. Heine, Comparative study of the blood
pressure effect of four different vegetable fats on young, spontane-
ously hypertensive rats, Lipids. 21 (1986) 733-737.

Liver microsomal membrane fluidity and microsomal desaturase ac-
tivities on adult spontaneously hypertensive rats, J. Hypertens. 15
(1997) 836-839.

[46] D.E. Mills, Y.S. Huang, M. Narce, J.P. Poisson, Psychosocial stress,

[34] H. Rupp, M. Turkani, T. Ohkubo, B. Maisch, C.G. Brilla, Dietary catecholamines, and essential fatty acid metabolism in rats, Proc. Soc.
linolenic acid-mediated increase in vascular prostacyclin formation, Exp. Biol. Med. 205 (1994) 56-61. _ _ _
Mol. Cell Biochem. 162 (1996) 59—64. [47] R.R. Brenner, Factors influencing fatty acid chain elongation and

[35] R.R. Brenner, H. Garda, I.N. de Gomez Dumm, H. Pezzano, Early desaturation. in: A.J. Vergroesen and M. Crawford, (Eds.), The role
effects of EFA deficiency on the structure and enzymatic activity of of fats in human nutrition Academic Press, London, (1989) pp.
rat liver microsomes, Prog. Lipid Res. 20 (1981) 315-321. 45-72. _

[36] M.E. De Tomas, O. Mercuri, A. Rodrigo, Effects of dietary protein  [48] M. Narce, J.M. Frenoux, V. Dardel, C. Foucher, S. Germain, M.C.
and EFA deficiency on liver delta 5, delta 6 and delta 9 desaturase Delachambre, J.P. Poisson, Fatty acid metabolism, pharmacological

activities in the early developing rat, J. Nutr. 110 (1980) 595-599. nutrients and hypertension, Biochimie 79 (1997) 135-138.



