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VECKA, M., TVRZICKÁ, E., STAŇKOVÁ, B., NOVÁK, F., NOVÁKOVÁ, O. and ŽÁK, A.  
Hypolipidemic Drugs Can Change the Composition of Rat Brain Lipids.  Tohoku J. 
Exp. Med., 2004, 204 (4), 299-308 ── Hypolipidemic drugs are potent serum 
cholesterol lowering agents used for prevention of coronary heart disease.  In addi-
tion to their cholesterol lowering effect, these drugs exhibit both pleiotropic benefi-
cial and various neurological side effects.  Therefore, we analysed effect of the hypo-
lipidemic drugs, fenofibrate and statins, on membrane lipid composition in the rat 
brain tissue.  Male Wistar rats were given 0.1 mg of fenofibrate, lovastatin, pravas-
tatin, fluvastatin or placebo (control) once daily for six weeks.  In rats treated with 
lovastatin or pravastatin, decreased cholesterol and increased ceramide monohexo-
side contents in the brain tissue were observed in comparison with control.  Treat-
ment with fluvastatin or lovastatin resulted in increased sphingomyelin and decreased 
diphosphatidylglycerol contents.  The most important changes in the fatty acid profile 
were observed in ceramide monohexosides; treatment with fluvastatin decreased the 
content of saturated and increased the content of polyunsaturated fatty acids.  Fenofi-
brate treatment led to decreased content of saturated fatty acids in phosphatidyletha-
nolamines.  In conclusion, statin treatment resulted in the decreased content of cho-
lesterol and diphosphatidylglycerol associated with the increased content of 
sphingolipids in the rat brain tissue.  As cholesterol and sphingolipids are important 
components of brain membranes, the observed alterations in the composition brain 
lipids might be involved in genesis of neurological and mental symptoms following 
statin therapy. ──── statin; fibrate; brain; lipids; fatty acid
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Most of the mortality and morbidity in de-
veloped countries is caused by coronary heart dis-
ease (CHD) (Murray and Lopez 1997; Kannel 
1998).  The main reason of CHD is atherothrom-
bosis.  Atherosclerosis is further manifested as 
cerebrovascular disease (stroke), and peripheral 
vascular disease, respectively (Gonzalez and 
Kannewurf 1998).

Pharmacotherapy of above-mentioned disor-
ders stems from well-known facts that the normo-
lipidemic population has lower risk for develop-
ment of atherosclerosis (Martin et al. 1986) and 
that there is positive impact of hypolipidemic 
treatment in primary and secondary prevention 
(Bucher et al. 1999).  Number of papers have de-
scribed the effect of hypolipidemic drugs on lev-
els of cholesterol and triacylglycerols in serum 
(Illingworth and Tobert 1994) and on the liver lip-
id metabolism (Alegret et al. 1998), but there are 
only a few studies focused on other tissues e.g.  
skin (Wolf et al. 1999), vascular wall (Bellosta et 
al. 1998) and eye-lens (De Vries and Cohen 
1993).

In addition to their cholesterol lowering ef-
fect, the hypolipidemic drugs exhibit both pleio-
tropic beneficial effects (Liao 2002), and various 
adverse consequences.  Statins (reversible com-
petitive HMG-CoA reductase inhibitors) can alter 
sleep efficiency (Vgontzas et al. 1991), cause 
headaches (Ditschunheit et al. 1991), myopathy 
(Reijneveld et al. 1996; Nakahara et al. 1998), 
and increase creatine kinase level (Reijneveld et 
al. 1996).  Fibrates (endogenous PPARα  ligands 
influencing the catabolism of TAG rich particles 
and the expression of lipoprotein lipase, apo C-III, 
A-I and A-II  [Schoonjans et al. 1996; Staels 
2000]) can cause skin reactions (Wolf et al. 1999), 
renal dysfunction (Lipscombe 2001) and, in some 
cases, the disorders of the nervous system (Sgro 
and Escousse 1991).  Moreover, the fibrate thera-
py achieved a disappointing impact on total mor-
tality in some studies (Pedersen 1998; Bucher 
et al. 1999).

The reported side effects of statins and fi-
brates on the central nervous system deserve high 

interest, because these serum lipid lowering drugs 
can affect brain membrane lipids as well.  For this 
reason, we decided to study the effect of three 
widely used statins, pravastatin (PRA), lovastatin 
(LOV) and fluvastatin (FLU), and fenofibrate 
(FEN), on the composition of the rat brain lipids.

METHODS

Male Wistar rats (body weight 350 ± 45 g, 
mean ± S.D.) were assayed for serum cholesterol 
and triacylglycerols.  The rats were subsequently 
divided into 5 groups (eight animals each) with 
similar statistical distribution of cholesterol and 
triacylglycerols (TAG) values (1.80 ± 0.20 and 
1.20 ± 0.45 mmol.l−1, respectively).  The rats were 
housed four per standardized cage.  All proce-
dures were performed according to the Guidelines 
set by Institutional Animal Use and Care 
Committee of Charles University.

The rats were dosed for six weeks with 0.1 
mg of fenofibrate (LipanthylTM 200 M, Labo-
ratoires Fournier, Dijon, France), fluvastatin 
(Lesco l TM,  Sandoz  Pharma  Ltd . ,  Bas le ,  
Switzerland), lovastatin (MevacorTM, Merck & 
Co., Inc., Whitehouse Station, NJ, USA) or 
pravastatin (LipostatTM, Bristol-Myers Squibb 
S.p.A., Anagni, Italy) in 0.5 ml phosphate buff-
ered Saline (PBS) (w/v) with gastric tube once 
daily.  The control group was given placebo (0.5 
ml of PBS).  Rats were fed ad libitum with com-
mercial diet DOS 2BSt (Velaz, Czech Republic) 
and had free access to tap water and were kept 
under standard conditions (room temperature 22 ± 
1°C, relative humidity 65 ± 5%, lighting 12 
h/day).  The last day after overnight fasting, the 
animals were anaesthetised with thiopental (Spofa, 
Czech Republic, 60 mg/kg, i.p.) and sacrificed.  
Venous blood (containing 1 mg/ml EDTA) was 
collected from vena cava inferior and then centri-
fuged at 300 g for 10 min.  The brains were re-
moved, washed in the physiological saline, 
lyophilised and stored at −60°C.

The plasma samples were analysed for glu-
cose, total protein, urea, creatinine, fructosyl-
amine, triacylglycerols, phospholipids, total cho-
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lesterol, HDL-cholesterol, alanine aminotrans-
ferase, aspartate aminotransferase and bilirubin 
with automatical analysator Technicon RA-1000 
(Technicon, Robbinsville, NJ, USA) using the kits 
from Boehringer Mannheim GmbH Diagnostica, 
Germany and Lachema, Brno, Czech Republic.

Brain lipids were extracted according to the 
method of Folch et al. (1957).  Composition of in-
dividual lipid classes was analyzed by thin-layer 
chromatography (TLC) with flame ionisation de-
tection (FID) using 1-octadecanol as internal stan-
dard (Tvrzická et al. 1990).  Three-step procedure 
with partial scan after first step was developed us-
ing mobile phases hexane/diethylether/formic 
acid (45/15/0.3, v/v/v) for development of neutral 
lipids and mobile phases chloroform/methanol/
ethylacetate/water/isopropylalcohol (20/6/12/4/17, 
v/v/v/v/v) and chloroform/methanol/conc. ammo-
nia (40/20/3, v/v/v) for phospholipid and ceramide 
monohexoside (CMH) separation.  Composition 
of fatty acids (FA) was determined by capillary 
gas chromatography with FID after previous TLC 
separation of the individual lipid classes (Tvrzick
á et al. 2002).  The mobile phase for preparative 
TLC was chloroform/methanol/water (60/30/5, 
v/v/v).  The standards of FA, phospholipids, cho-
lesterol, and CMH were purchased from Sigma 
(Sigma Chemicals, St. Louis MO, USA), all the 
solvents used were of analytical grade.

The data were processed with one-way 
ANOVA statistical analysis (SigmaStat, SPSS 

Science, Chicago, IL, USA) using Bonferroni 
post-hoc test.  The accepted level of significance 
was 0.05.

RESULTS
The body weights were registered during the 

experiment.  The final weight gain  (40 ± 12% of 
initial body weight) did not differ between all 
groups.  No changes were observed for the weight 
of brain, too (0.40 ± 0.05% of body weight).

Table 1 summarizes the biochemical analysis 
of plasma samples.  The group treated by FEN re-
vealed increased values of plasma glucose, total 
protein, creatinine and fructosylamine.  Plasma 
creatinine was also increased in all statin groups.  
Moreover, the group treated by FLU exhibited 
higher fructosylamine and total plasma protein 
levels.  The treatment with PRA resulted in in-
creased urea concentration.  The other biochemi-
cal parameters (bilirubin, aspartate and alanine 
aminotransferases, triglycerides, HDL-cholesterol, 
total cholesterol and phospholipids) did not differ 
from the control groups.

The composition of brain lipids was altered 
by administration of hypolipidemic drugs.  
Cholesterol was significantly lowered in LOV 
(16.8 ± 1.4 vs 18.6 ± 1.3 mg/g ww, p < 0.05) and 
PRA (16.2 ± 1.4 vs 18.6 ± 1.3 mg/g ww, p < 0.05) 
groups, and diphosphatidylglycerol (DPG) was 
lower in LOV (1.3 ± 0.5 vs 2.5 ± 0.5 mg/g ww, p 
< 0.01) and FLU (1.8 ± 0.4 vs 2.5 ± 0.5 mg/g ww, 

TABLE 1.  The effect of hypolipidemic drugs on some plasma constituents

Plasma 
parameters

Group

Control Fenofibrate Fluvastatin Lovastatin Pravastatin

glucose (mmol.l−1)   9.1 ± 1.0 11.8 ± 2.2**   9.2 ± 1.1 10.3 ± 1.9   8.8 ± 1.0
TP (g.l−1) 57.2 ± 3.0 63.6 ± 2.0*** 63.1 ± 3.4** 59.7 ± 4.5 58.9 ± 3.6
urea (mmol.l−1)   6.4 ± 0.3   6.7 ± 0.6   6.8 ± 0.4   6.7 ± 1.2   7.5 ± 0.7**

creatinine (μmol.l−1) 35.3 ± 4.3 43.1 ± 8.7* 45.1 ± 4.2*** 44.9 ± 4.6*** 47.1 ± 8.2**

FRU (μmol.l−1)  129 ± 7  139 ± 8*  143 ± 13*  136 ± 7   134 ± 7

In the table, the effect of hypolipidemic drugs on plasma constituents is presented.  The number of 
observations is eight in each group.  The data are in mean ± S.D. format. The symbols for statistical 
significance: * p < 0.05, ** p < 0.01, *** p < 0.001.  FRU, fructosylamine; TP, total protein.
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p < 0.05) groups.  Increased values were found 
for CMH in LOV (23.2 ± 2.4 vs. 11.7 ± 1.9 mg/g 
ww, p < 0.001) and PRA (17.7 ± 3.1 vs. 11.7 ± 1.9 
mg/g ww, p < 0.01) groups, and for sphingomy-
elin (SPH) in LOV (4.6 ± 0.7 vs. 3.9 ± 0.4 mg/g 
ww, p < 0.01) and FLU (5.2 ± 0.9 vs. 3.9 ± 0.4 
mg/g ww, p < 0.001).  No significant changes 
were observed in the FEN group.

The composition of FA in CMH, phosphati-
dylethanolamine (PE), and phosphatidylcholine 
(PC) is shown in Tables 2-4.  The most important 
changes were observed in CMH in the FLU-
treated group.  The content of saturated fatty acids 
(SFA), stearic (18:0) and behenic (22:0), was de-
creased, whereas the content of polyunsaturated 
fatty acids (PUFA), arachidonic acid (20:4n-6, 
AA), docosatetraenoic (22:4n-6), eicosapentaeno-
ic (20:5n-3, EPA), and docosapentaenoic (22:5n-3, 

DPA-3), was increased.  Minor changes were ob-
served in LOV group, increased content of EPA 
and DPA-3.  Fenofibrate decreased two minor 
monoenoic acids, hexadecenoic (16:1n-9) and 
erucic (22:1n-9) acids.  No significant changes in 
FA composition were observed in PRA group.

The most prominent changes of FA pattern in 
PE were found in FEN group.  Decreased content 
of stearic acid contributed to the decrease of total 
SFA to the largest extent, compensated by in-
creased content of docosahexaenoic acid (22:6n-3, 
DHA).  The only significant change in FLU group 
was slight decrease in content of eicosatrienoic 
acid (20:3n-6).  The other hypolipidemic drugs 
used (LOV and PRA) did not affect the FA profile 
in PE.

The hypolipidemic drugs used in our study 
had no effect on the FA profile in PC with the ex-

TABLE 2.  Fatty acid content in ceramide monohexosides

Fatty
acid

Group

Control Fenofibrate Fluvastatin Lovastatin Pravastatin

16:0 10.18 ± 4.69   9.61 ± 5.55   7.60 ± 1.93   8.60 ± 3.26   8.76 ± 1.86
16:1n-9   0.42 ± 0.28   0.19 ± 0.09*   0.31 ± 0.17   0.34 ± 0.31   0.41 ± 0.28

18:0 18.94 ± 2.21 17.86 ± 1.87 16.16 ± 1.73* 16.81 ± 1.88 17.89 ± 2.88
18:1n-9 22.12 ± 4.05 20.53 ± 2.67 18.81 ± 4.48 20.13 ± 4.00 21.36 ± 2.88
18:1n-7   4.42 ± 0.75   4.23 ± 0.62   3.96 ± 0.76   4.18 ± 0.83   4.02 ± 0.70
18:2n-6   1.21 ± 0.38   1.05 ± 0.27   1.13 ± 0.42   1.02 ± 0.31   1.57 ± 0.69
20:1n-9   3.86 ± 1.04   4.27 ± 0.91   4.06 ± 0.51   4.18 ± 0.79   4.08 ± 0.50
20:1n-7   1.62 ± 0.51   1.69 ± 0.50   1.54 ± 0.40   1.64 ± 0.58   2.07 ± 1.00
20:4n-6 10.71 ± 2.61 11.84 ± 1.75 13.89 ± 1.72* 12.73 ± 1.73 12.14 ± 1.37
20:5n-3   0.02 ± 0.01   0.06 ± 0.05   0.06 ± 0.03**   0.04 ± 0.02*   0.09 ± 0.09

22:0   0.82 ± 0.29   0.53 ± 0.21   0.44 ± 0.21*   0.57 ± 0.24   0.51 ± 0.41
22:1n-9   0.73 ± 0.15   0.47 ± 0.18*   0.51 ± 0.13*   0.59 ± 0.18   0.51 ± 0.22
22:4n-6   4.94 ± 1.43   5.95 ± 1.39   6.79 ± 1.53*   6.13 ± 1.22   5.62 ± 1.16
22:5n-3   0.99 ± 0.31   1.09 ± 0.17   1.44 ± 0.34*   1.41 ± 0.31*   1.01 ± 0.25
22:6n-3 15.11 ± 6.83 17.25 ± 3.84 19.32 ± 4.75 17.80 ± 5.26 15.38 ± 4.58
Σsat 31.02 ± 5.27 28.88 ± 5.69 25.17 ± 3.32* 27.07 ± 3.73 28.22 ± 3.08
Σmono 34.18 ± 6.17 32.12 ± 3.19 30.09 ± 5.55 31.92 ± 5.14 33.41 ± 4.72
Σn-6 18.58 ± 3.25 20.48 ± 3.71 23.78 ± 3.65* 21.66 ± 2.85 21.79 ± 2.65
Σn-3 16.22 ± 7.13 18.52 ± 4.04 20.97 ± 5.10 19.35 ± 5.53 16.58 ± 4.71

Σ, the sum; sat, saturated fatty acids; mono, monounsaturated fatty acids; n-6, n-6 fatty acids; n-3, n-3 
fatty acids.  The data are in molar percentage units.  

The symbols for statistical significance: * p < 0.05, ** p < 0.01.
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TABLE 3.  Fatty acid content in phosphatidylethanolamines

Fatty
acid

Group

Control Fenofibrate Fluvastatin Lovastatin Pravastatin

16:0   6.06 ± 1.11   5.77 ± 0.47   6.34 ± 0.92   6.68 ± 0.96   6.85 ± 1.29
18:0 20.04 ± 1.63 18.39 ± 0.87* 20.56 ± 3.12 20.42 ± 2.84 22.26 ± 5.41

18:1n-9 20.00 ± 1.40 19.49 ± 1.07 20.43 ± 2.34 21.10 ± 2.38 22.10 ± 4.13
18:1n-7   3.70 ± 0.31   3.51 ± 0.25   3.87 ± 0.56   3.84 ± 0.46   4.15 ± 0.91
20:1n-9   5.09 ± 0.56   5.10 ± 0.64   5.26 ± 0.60   5.39 ± 0.70   5.64 ± 1.21
20:1n-7   1.34 ± 0.16   1.34 ± 0.16   1.44 ± 0.20   1.43 ± 0.18   1.48 ± 0.33
20:3n-6   0.61 ± 0.05   0.62 ± 0.05   0.56 ± 0.04*   0.58 ± 0.05   0.56 ± 0.08
20:4n-6 13.58 ± 1.21  14.11± 0.49 13.29 ± 1.91 13.08 ± 1.40 12.11 ± 3.65
22:4n-6   6.86 ± 0.51   7.26 ± 0.35   6.79 ± 0.91   6.56 ± 0.94   6.07 ± 1.72
22:5n-3   1.29 ± 0.28   1.23 ± 0.20   1.31 ± 0.27   1.40 ± 0.33   0.99 ± 0.41
22:6n-3 19.04 ± 2.40 21.06 ± 2.08* 17.93 ± 4.47 17.29 ± 4.61 15.45 ± 3.70
Σsat 26.75 ± 2.00 24.74 ± 0.89* 27.52 ± 3.99 27.74 ± 3.72 29.74 ± 6.84
Σmono 31.04 ± 2.40 30.29 ± 2.05 31.93 ± 3.74 32.66 ± 3.69 34.31 ± 6.58
Σn-6 21.78 ± 1.56 22.60 ± 0.70 21.22 ± 2.87 20.83 ± 2.39 19.41 ± 1.81
Σn-3 20.43 ± 2.52 22.37 ± 2.22 19.33 ± 4.70 18.76 ± 4.86 16.54 ± 3.82

Σ, the sum; sat, saturated fatty acids; mono, monounsaturated fatty acids; n-6, n-6 fatty acids; n-3, n-3 
fatty acids.  The data are in molar percentage units.  

* p < 0.05.

TABLE 4.  Fatty acid content in phosphatidylcholines

Fatty
acid

Group

Control Fenofibrate Fluvastatin Lovastatin Pravastatin

16:0 33.72 ± 2.97 33.08 ± 2.68 34.82 ± 2.41 32.79 ± 3.08 33.92 ± 2.18
16:1n-7   0.47 ± 0.07   0.40 ± 0.03   0.43 ± 0.03   0.39 ± 0.04*   0.43 ± 0.03

18:0 17.38 ± 1.58 18.42 ± 1.62 16.71 ± 1.40 18.00 ± 1.50 16.90 ± 1.87
18:1n-9 22.62 ± 1.35 22.94 ± 1.22 22.92 ± 0.64 22.74 ± 0.77 22.80 ± 0.99
18:1n-7   6.10 ± 0.35   6.06 ± 0.38   6.33 ± 0.15   5.93 ± 0.21   5.94 ± 0.32
20:1n-9   1.78 ± 0.17   1.82 ± 0.15   1.89 ± 0.38   1.85 ± 0.19   1.72 ± 0.18
20:4n-6   6.56 ± 1.35   6.33 ± 0.85   6.17 ± 0.78   6.54 ± 0.88   6.94 ± 0.83
22:4n-6   1.11 ± 0.13   1.12 ± 0.22   1.11 ± 0.11   1.16 ± 0.19   1.13 ± 0.18
22:6n-3   6.08 ± 0.60   6.15 ± 1.63   5.81 ± 0.83   6.70 ± 1.24   6.45 ± 1.12
Σsat 52.05 ± 1.50 52.46 ± 1.25 52.44 ± 1.55 51.74 ± 1.66 51.72 ± 0.73
Σmono 32.40 ± 1.68 32.59 ± 1.68 33.02 ± 1.08 32.26 ± 0.98 32.27 ± 1.24
Σn-6   8.96 ± 2.14   8.36 ± 0.96   8.21 ± 0.87   8.60 ± 1.03   9.10 ± 0.86
Σn-3   6.59 ± 0.73   6.60 ± 1.75   6.33 ± 0.86   7.30 ± 1.33   6.91 ± 1.18

Σ, the sum; sat, saturated fatty acids; mono, monounsaturated fatty acids; n-6, n-6 fatty acids; n-3, n-3 
fatty acids.  The data are in molar percentage units.  

* p < 0.05.
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ception for small decrease in palmitoleic acid 
(16:1n-7) content in LOV group.

DISCUSSION
The elevated glucose level in FEN group to-

gether with elevated fructosylamine level hint one 
of the possible effects of fibrates on carbohydrate 
metabolism.  Fibrates enhance the expression of 
phosphoenolpyruvate carboxykinase that is in-
volved in the gluconeogenesis (Schoonjans et al. 
1997).  The raised hexosephosphate formation in 
this way could consequently lead to enhanced 
gluconeogenesis.

The increase in plasma creatinine level, 
which we have observed in all hypolipidemic 
treated groups, might reflect the possibility of 
muscle tissue damage.  Several cases of myopathy 
were reported using fibrates as well as statins 
(Nakahara et al. 1998), the combination of these 
two types of drugs being more dangerous.  
Moreover, fibrates are known to lower creatinine 
clearance (Broeders et al. 2000).

In our study, both statins and fenofibrate did 
not influence concentration of any plasma lipids.  
In the agreement with us, Fujioka et al. (1995) did 
not observe any effect of statins on plasma level 
of total cholesterol as well as LDL-cholesterol in 
normolipidemic rats.  On the other hand, it was 
shown that fibrates possess hypocholesterolemic 
(Krause and Princen 1998) and hypotriglyceride-
mic (Frøyland et al. 1997) effects in rats.  An ex-
planation for this discrepancy may be a dosage of 
fibrates (10-500 mg/kg) usually used in other ex-
perimental studies (Fujioka et al. 1995; Alegret et 
al. 1998) and highly exceeding the recommended 
daily dosage for human which was given in our 
study (0.3 mg/kg).

In the FEN group, we observed hepatomega-
ly and tendency to gain body weight.  This finding 
was reported as the side effect of fibrates as the 
PPARα  agonists, which induce proliferation of 
peroxisomes leading to hepatomegaly and conse-
quently to elevated body weight (Gaw et al. 
1994).

We have demonstrated that the treatment 

with statins evidently influenced the composition 
of lipid classes in the brain tissue.  Lovastatin 
seems to be the most potent drug decreasing cho-
lesterol concentration, probably due to inhibition 
of its de novo synthesis.  The fall in cholesterol 
was accompanied with the rise of SPH content.  
Both lipid classes are relevant regulators of mem-
brane fluidity associated with optimal membrane 
function, which implicates hypothesis that the 
lower content of cholesterol may be counterbal-
anced with elevated SPH.  Furthermore, LOV 
substantially increased the content of CMH.  
Glycosphingolipids and their metabolic products 
are lipid signal molecules involved in regulation 
of many cellular events.  Ceramides play a role as 
the second messengers in signal transduction (Augé 
et al. 1996) and their homologues are important 
stress signal molecules (Chatterjee 1998).  It im-
plies that the altered content of cerebrosides ob-
served after statin treatment could cause altera-
tions in the cell responses.

The LOV treatment brought about lowering 
of the DPG concentration in the brain tissue.  
DPG is exclusively localized within the mem-
branes that conduct oxidative phosphorylation 
(e.g. inner mitochondrial membrane), where it 
acts as a proton-trapping molecule (Haines and 
Dencher 2002) and its content directly influences 
the activity of enzymes involved in electron trans-
porting chain.  Satoh and Ichihara (1995) de-
scribed the deterioration of myocardial mitochon-
drial respiration during ischaemia in the rats 
treated with statins.  Bargossi et al. (1994) ob-
served that simvastatin decreased blood level of 
ubiquinone, an important component of the mito-
chondrial respiratory chain.  DPG participates as 
a cofactor in translocation of cholesterol from the 
outer to the inner mitochondrial membrane and 
thus enhances the cholesterol side chain cleavage 
reaction (Tanaka and Strauss 1982).  Low content 
of DPG can thus contribute to the observed cho-
lesterol depletion.

Pravastatin and FLU are hydrophilic statins 
(Dujovne 1997).  Their dosage did not influence 
the content of lipid classes to such extent as the li-
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pophilic LOV.  In the PRA group, decreased cho-
lesterol and raised CMH contents were observed 
whereas FLU dosage led to decreased DPG and 
increased SPH contents.  Although hydrophilic 
statins exhibit no permeability to brain tissue 
(Saheki et al. 1994), the patients taking PRA have 
lower prevalence of Alzheimer disease (Wolozin 
et al. 2000).  The first observation of the influence 
of statins on cholesterol metabolism in human 
brain was published two years ago, when 
Locatelli et al. (2002) proved simvastatin dosage 
to reduce the plasma levels of 24(S)-hydroxy-
cholesterol, which is produced predominantly in 
the brain tissue, in patients with hypercholesterol-
emia.  Interestingly, hydrophilic PRA was found 
to decrease the plasma levels of 24(S)-hydroxy-
cholesterol in patients with Alzheimer disease, too 
(Vega et al. 2003).  Some studies provided the 
evidence of lower prevalence of diagnosed 
Alzheimer disease and vascular dementia in hyper-
cholesterolemic patients taking statins (Jick et al. 
2000; Wolozin et al. 2000).  The fact that only 
statins among all lipid-lowering drugs exhibit this 
preventive effect suggests their specific pharma-
cological property.  The central effects of statins 
might be triggered at the blood brain barrier (BBB) 
vessel wall by the upregulation of endothelial ni-
tric oxide (NO) production (Kirsch et al. 2003).  
The formation of NO is associated with apoE me-
tabolism (Colton et al. 2002), which seems to 
have an important multifaceted role in CNS 
(Beffert et al. 1998).  The effects of hydrophilic 
pravastatin on the brain tissue can be explained 
by above described mechanism starting outside 
BBB (Kirsch et al. 2003).  In the adult rat brain, 
the specific activity of HMG-CoA reductase, the 
key enzyme involved in cholesterol biosynthesis, 
is regulated independently of plasma cholesterol 
level (Ness et al. 1979) and inside the cells, the 
cholesterol homeostasis is rather governed by ste-
rol-regulatory element binding protein pathway, 
but the details are still lacking (Ong et al. 2000).  
The biosynthesis of cholesterol responds prefera-
bly to physiological requirements of the tissue, 
which is lower by one order of magnitude in ma-

turity than after the birth (Ness et al. 1979), that is 
why it can be shuttled from neurons to astrocytes 
(Pfrieger 2002).

The FA profile was examined in main lipid 
classes: CMH, PE and PC.  The most influenced 
FA profile was found in CMH, in which the FLU 
treatment caused a decrease in content of 18:0, 
which is the main SFA, and increased content of 
20:4n-6 and 22:4n-6, which are two most buoyant 
n-6 PUFA in CMH of rat brain.  The other hypo-
lipidemic drugs used did not substantially influ-
ence the composition of FA in CMH.  The mecha-
nisms, which were proposed to cause changes in 
content of lipid classes, might be further reflected 
in the FA profiles of these classes.  In fact, CMH 
appears to be the most influenced lipid class ob-
served if we consider the content of this lipid or 
its FA profile.  Different effects of individual 
statins could be caused by variations in their 
chemical structure.  The lipophilic statins are 
characterised by a β -hydroxy-δ -lactone moiety, 
which can be converted into a water-soluble open 
acid form in hydrophilic statins.  The other part of 
the molecule is based on hexahydronaphtalene 
skeleton for PRA and LOV, while the structure of 
FLU is based on indol substituted with fluorophe-
nyl group (Endo 1992).

PE showed the most pronounced changes 
after FEN treatment; namely, the stearic acid con-
tent was decreased and DHA content increased.  
The accretion of DHA to the brain is ensured by 
mechanisms predominantly supplying the tissue 
with DHA and AA (Qi et al. 2002).  This is proba-
bly associated with the importance of AA for 
eicosanoid formation and DHA for signal trans-
duction (Innis 2003).

High variability of changes after statins and 
fenofibrate administration makes general conclu-
sion about beneficial or detrimental character of 
observed lipid changes in brain very difficult 
within the scope of the data presented.  In the case 
of decreased cholesterol concentration, membrane 
fluidity could be counterbalanced by elevated 
SPH and CMH contents.  Due to the importance 
of cholesterol and sphingolipids in brain function, 
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their alterations caused by statin treatment might 
be involved in the pathogenesis of neurological 
and mental symptoms.  The effects of statins and 
fibrates on brain lipid metabolism should be sub-
jects of further research.
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