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Abstract The level of maternal circulating triglycerides
during late pregnancy has been correlated to newborns’
weight in humans. To investigate the response to fenofi-
brate, a hypotriglyceridemic agent, in pregnant rats, 0, 100,
or 200 mg of fenofibrate/kg body weight as oral doses were
given twice a day from day 16 of gestation and studied at
day 20. Virgin rats were studied in parallel. Liver weight was
higher in pregnant than in virgin rats, and either dose of
fenofibrate increased this variable in both groups. The high-
est dose of fenofibrate decreased fetal weight. Although
plasma triglycerides decreased during the first 2 days of
fenofibrate treatment in pregnant rats, the effect disap-
peared on day 3, and plasma triglycerides were even en-
hanced at day 4. In virgin rats, fenofibrate decreased plasma
triglycerides throughout the experiment. Plasma cholesterol
levels in pregnant rats decreased during the first 3 days of
treatment, and the effect disappeared on day 4, whereas in
virgin rats, values remained decreased. Changes in plasma
triglycerides paralleled those of VLDL triglycerides. In
pregnant rats, VLDL cholesterol levels increased while LDL
cholesterol decreased with the treatment, whereas in virgin
rats, cholesterol levels decreased in all lipoprotein frac-
tions. Only in virgin rats did liver triglyceride concentration
increase with fenofibrate treatment. Lumbar adipose tissue
LPL was lower in pregnant than in virgin rats, and fenofi-
brate treatment decreased this variable in both groups. Ma-
ternal fenofibrate treatment increased fetal plasma and
liver triglyceride and cholesterol concentrations.  It is pro-
posed that the opposite effects of fenofibrate treatment in
virgin and pregnant rats are a consequence of both the en-
hanced liver capability for VLDL triglyceride production
and a rebound response to the drug in the latter.
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Elevated plasma triglyceride levels and low HDL choles-
terol levels have been shown to be independent risk factors
for cerebrovascular and coronary heart disease (1–3), and
fibrates have been effectively used to reduce these factors
(4). The molecular bases for the action of fibrates on lipid

 

metabolism have been recently elucidated (5), and in-
volve the activation of transcriptional factors known as
peroxisome proliferator-activated receptors (PPAR), espe-
cially the PPAR-

 

a

 

 form that is expressed in liver. Throughout
this mechanism, fibrates have been reported to decrease
apolipoprotein (apo)C-III (6), to increase acyl-coenzyme
A synthetase and fatty acid transport protein (7), to in-
crease apoA-I and apoA-II (8, 9), and to induce the ex-
pression and activity of LPL in the liver (10). This latter ef-
fect occurs despite that under normal conditions, the
adult liver does not express LPL, and it has been pro-
posed that by reverting this situation, fibrates might en-
hance the liver clearance of triglyceride-rich lipoproteins
(10), this effect contributing to their hypotriglyceridemic
action.

Although these effects are clearly established, still there
are aspects of fibrates’ effects on lipid metabolism that re-
main to be understood, including their effects on liver
lipid concentration, triglycerides, and cholesterol, which
have been found to be either unchanged (11), decreased
(12, 13), or even enhanced (14), although liver weight
was consistently enhanced and, therefore, total lipid con-
tent may result augmented. Some fibrates also have been
shown to have opposite effects on plasma and liver lipids
depending on the degree of hypertriglyceridemia in the
rats (14). In addition, fibrates have been shown to have
different regulatory effects in rodents than in humans.
Thus, whereas in rodents fibrates may decrease HDL cho-
lesterol (14) as result of both a decreased expression of
the genes for HDL apolipoproteins, apoA-I and apoA-II
(15–18), as well as of the enzymes involved in their metabo-
lism such as hepatic lipase and LCAT (19, 20), in humans
they have a positive effect on HDL cholesterol as well as
on apoA-I and apoA-II concentrations (21, 22). This dif-
ferent response seems to reside in differences between the
two species in the apoA-I gene promoter (23). This differ-
ent composition allows the induction of the apoA-I gene
expression by fibrates to be mediated via the interaction
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of PPAR

 

a

 

 with its peroxisome proliferator response ele-
ment (PPRE) in humans, whereas in rodents, this PPRE
cannot be used by PPAR

 

a

 

 (24). In addition, whereas rats
are responsive to hepatic peroxisome proliferation upon
fibrate administration, humans seem to be a nonrespon-
sive species (25), and differences in the amount of hepatic
PPAR

 

a

 

 and/or the composition of PPRE in putative target
genes have been proposed to explain interspecies differ-
ences in the fibrate response (25).

During late pregnancy, hypertriglyceridemia rather
than hypercholesterolemia is consistently developed (26)
as a consequence of enhanced adipose tissue lipolytic ac-
tivity (27–30), enhanced liver production of VLDL (31,
32), and decreased extrahepatic LPL activity (33, 34). Al-
though treatment with hypocholesterolemic drugs in
pregnant rats has been shown to impair fetal growth (35,
36), no studies have been carried out to determine the ef-
fects of pharmacological reductions of circulating triglyc-
erides, despite the proposed role of maternal hypertriglyc-
eridemia on fetal growth in humans (32, 37).

The present work was therefore undertaken to deter-
mine how treatment with fenofibrate, as a hypotriglyceri-
demic agent, affects maternal lipidic metabolism, and to
determine its consequences to fetal growth during late
pregnancy in the rat. For comparison, normal virgin rats
were studied in parallel, and results show that in addition
to impairing fetal growth, fenofibrate responsiveness
greatly differs between pregnant and virgin animals.

MATERIAL AND METHODS

 

Animals, drug administration, and collection of samples

 

Female Sprague Dawley rats from our animal quarter weigh-
ing 180–210 g, 55–60 days old, were fed ad libitum standard
rat chow (B&K Universal, Barcelona, Spain) and housed under
controlled light and temperature conditions (12 h light-dark
cycle; 22 

 

6

 

 1

 

8

 

C). The experimental protocol was approved by
the Animal Research Committee of the University San Pablo-
CEU in Madrid, Spain. One-half of the animals were mated
(day 0 of pregnancy was determined when spermatozoids were
found in vaginal smears), whereas the other half was kept vir -
gin. From day 16 of gestation, rats were given, by oral gavage,
two daily doses of 100 or 200 mg/kg body weight of fenofibrate
(from Sigma, St. Louis, MO), one at 8:00 

 

am

 

 and the other at
6:00 

 

pm

 

, suspended in 2% Tween-80. Controls received only the
medium by oral gavage. The doses of fenofibrate were chosen
under the base of previous studies in the rat (6, 13, 17, 38). Just
before the daily morning treatments, blood was collected from
the tail into receptacles containing Na

 

2

 

-EDTA, whereas on the
morning of day 20 of pregnancy, 14 h after the last dose, rats
were decapitated and blood was collected into tubes contain-
ing Na

 

2

 

-EDTA. Liver and lumbar fat pads were immediately dis-
sected, and aliquots of both tissues were placed into liquid ni-
trogen and kept at 

 

2

 

80

 

8

 

C until analysis. The conceptus was
also dissected and, after being weighed, fetuses were counted
and weighed. Fetuses were decapitated and blood from all
pups of the same mother was collected and pooled into recep-
tacles containing Na

 

2

 

-EDTA. Fetus livers were also dissected
and placed in liquid nitrogen, and those from the same mother
were pooled. Virgin rats received the same treatment and were
always studied in parallel.

 

Determinations

 

Plasma aliquots were processed fresh for lipoprotein isolation
by ultracentrifuge sequential fractionation following the method
previously described (39), whereas other aliquots were kept at

 

2

 

30

 

8

 

C until processing for the analysis of triglycerides, choles-
terol, and FFA by enzymatic commercial kits (Menarini, Menarini,
and Wako, respectively).

Frozen liver aliquots were used for lipid extraction (40), and
aliquots of lipid extracts were quantified after image analysis
and separation by one-dimensional TLC (41) using the G5-700
BIOIMAGE TLC scanner of Bio-Rad (Hercules, CA). Spots were
quantified as integrated optical densities against an internal
standard of cholesteryl formate and calibration curves of triglyc-
eride standards.

LPL activity was measured in acetone powders from frozen
adipose tissue aliquots by the method previously described (42).

 

Expression of results and statistical evaluation

 

Results were expressed as means 

 

6

 

 SEM. When necessary,
data were log transformed to achieve equal variance among
means. Treatment effects were analyzed by one-way ANOVA
using a computer software system (Systat Version 5.03; Wilkin-
son, Evanston, IL). When treatment effects were significantly dif-
ferent (

 

P

 

 

 

,

 

 0.05), means were tested by Tukey’s test. Differences
between two groups were analyzed by Student’s 

 

t

 

-test.

 

RESULTS

As shown in 

 

Table 1

 

, treating rats twice daily with either
100 mg or 200 mg fenofibrate/kg body weight/day for 4
days did not modify net body weight in pregnant (free of
conceptus) or virgin rats. Liver weight was higher in preg-
nant than in virgin rats, and either dose of fenofibrate in-
creased this variable in both groups. Fenofibrate treat-
ment did not modify fetal number, but although the 2 

 

3

 

100 mg/kg body weight/day dose did not modify fetal
body weight, this variable was significantly decreased with
the 2 

 

3

 

 200 mg dose (Table 1).
The hypolipidemic effect of fenofibrate differed be-

tween pregnant and virgin rats. As shown in 

 

Fig. 1

 

, in con-
trol virgin rats, plasma triglycerides remained unchanged
throughout the experiment, whereas either dose of feno-
fibrate significantly decreased plasma triglyceride levels
after day 1 of treatment, and the effect remained stable up
to the end of the experiment (day 4 of treatment). How-
ever, in control pregnant rats, plasma triglycerides in-
creased, although not significantly, at day 4 of the experi-
ment, corresponding to day 20 of gestation. In addition,
in pregnant rats, although plasma triglycerides were lower
after day 1 and 2 of treatment with either dose of fenofi-
brate, the effect disappeared after day 3, and was even re-
verted in a dose-dependent manner after day 4. In fact,
values in pregnant rats treated with the highest dose were
significantly higher than in the same rats prior to the on-
set of treatment (day 0) as well as in control rats on the
same day of gestation. In a different set of rats receiving
the same treatment, blood was collected 2 h after the
evening drug administration, and it was found that plasma
triglyceride levels were consistently lower in fenofibrate-
treated pregnant rats than in controls (data not shown),
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indicating that the enhanced values found in the morning
extractions during the last days of treatment corre-
sponded to a rebound effect. As shown in 

 

Fig. 2

 

, the
change in plasma cholesterol levels paralleled that of tri-
glycerides in virgin rats because either dose of fenofibrate
significantly decreased this variable after day 1 of treat-
ment, and values remained stable until day 4. Plasma cho-
lesterol levels in control pregnant rats remained stable
throughout the experiment, whereas they decreased in
treated rats after day 1, 2, and 3 of treatment, to return to
basal values (day 0) on day 4 of treatment, the effect being
similar with either dose (Fig. 2).

At the time of sacrifice, corresponding to 14 h after the
last dose, plasma lipoprotein fractionation was secured.
Lipoprotein distribution in virgin rats showed that the de-
crease in plasma triglycerides mainly corresponded to those
of VLDL, although the effect in rats receiving the 2 

 

3

 

 100
mg dose did not reach statistical significance (

 

Fig. 3

 

). In
pregnant rats, the increase in plasma triglycerides seen 14 h
after the last treatment also corresponded to VLDL tri-
glycerides, and although the difference in the rats receiv-
ing the 2 

 

3

 

 100 mg dose did not reach statistical signifi-
cance, a significant increase in HDL triglycerides was also
found in rats treated with the 2 

 

3

 

 200 mg dose (Fig. 3). As
shown in 

 

Fig. 4

 

, in virgin rats, the decrease in plasma cho-
lesterol levels found 14 h after the last administration of
fenofibrate (day 4) corresponds to a significant reduction in
the cholesterol associated to all lipoprotein fractions, VLDL,
LDL, and HDL, the effect being similar with either dose.
However, in pregnant rats, fenofibrate treatment enhanced
plasma VLDL cholesterol concentration and decreased
LDL cholesterol levels without modifying HDL choles-
terol, the effects being similar for either dose (Fig. 4).

To understand the changes taking place in plasma
VLDL, liver lipids were measured. In virgin rats (

 

Table 2

 

),
fenofibrate treatment greatly increased liver triglyceride
concentration (mg/g) and content (mg/organ), whereas

 

TABLE 1. Effects of fenofibrate on body and liver weight in virgin and pregnant rats,
and on fetal number and weight

 

Dose

 

a

 

 

0 100 200

 

Initial body weight (g)
Virgin 192 

 

6

 

 2 196 

 

6

 

 2 196 

 

6

 

 2
Pregnant 196 

 

6

 

 3 195 

 

6

 

 3 196 

 

6

 

 3

Final net body weight (g)
Virgin 242 

 

6

 

 2 243 

 

6

 

 3 244 

 

6

 

 3
Pregnant 287 

 

6

 

 4

 

b

 

280 

 

6

 

 6

 

b

 

276 

 

6

 

 5

 

b

 

Liver weight (g)
Virgin 9.66 

 

6

 

 0.23 11.40 

 

6

 

 0.22

 

c

 

12.13 

 

6

 

 0.30

 

d

 

Pregnant 15.13 

 

6

 

 0.40

 

b

 

17.96 

 

6

 

 0.32

 

b

 

,

 

d

 

17.14 

 

6

 

 0.23

 

b

 

,

 

d

 

Fetus
Number/litter 13.5 

 

6

 

 0.7 13.9 

 

6

 

 0.7 13.4 

 

6

 

 0.4
Average body weight (g) 4.08 

 

6

 

 0.08 4.00 

 

6

 

 0.06 3.78 

 

6

 

 0.05

 

c

 

Results are mean 

 

6

 

 SEM, n 

 

5

 

 10/group.

 

a

 

Dose given in mg/kg body weight/day. Two oral doses of fenofibrate were given per day.

 

b

 

P

 

 

 

,

 

 0.001 from virgin rats.

 

c

 

P

 

 

 

,

 

 0.01 from dose 0.

 

d

 

P

 

 

 

,

 

 0.001 from dose 0.

Fig. 1. Plasma triglyceride levels in virgin and pregnant rats at dif-
ferent days of treatment with fenofibrate. Values are means 6 SEM,
n 5 10. Within-group statistical comparisons for rats receiving the
same treatment at different days are shown by lowercase letters,
whereas comparisons between groups receiving different treat-
ments for virgin and pregnant rats are shown by uppercase letters.
Different letters indicate significant differences between the groups
(P , 0.05).
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liver cholesterol content (mg/organ) increased only
under the 2 

 

3

 

 200 mg dose. However in pregnant rats,
fenofibrate treatment did not modify either liver triglycer-
ide or cholesterol concentrations, the values being signifi-
cantly lower than in virgin rats, except for cholesterol
values expressed per total organ content (Table 2).

To determine whether changes in liver triglycerides
could be related to the amount of incoming FFA, plasma
FFA concentrations were also measured (

 

Table 3

 

). This
variable was always higher in pregnant than in virgin rats,
and although fenofibrate treatment further increased
plasma FFA in a dose-dependent manner in pregnant rats,
no effect was found in virgin rats.

As it would be expected, lumbar adipose tissue LPL ac-
tivity appeared lower in pregnant than in virgin rats not
receiving the drug (

 

Table 4

 

). Fenofibrate treatment signif-
icantly decreased LPL activity in both groups of rats, and
the effect in virgin rats was dose dependent. Because lum-
bar adipose tissue in rats receiving the fenofibrate treat-
ment weighed less than in control rats, total tissue LPL ac-

tivity in fenofibrate-treated rats decreased even more than
when expressed per unit of fresh tissue (data not shown).

Maternal treatment with fenofibrate affected fetal lipid
metabolism, as shown by increments in fetal plasma and
liver triglyceride and cholesterol concentrations, the ef-
fect being especially marked and significant with the high-
est dose used (

 

Table 5

 

).

DISCUSSION

The present study shows that from the first day, and
along 4 days of treatment with high doses of fenofibrate,
plasma triglyceride and cholesterol levels decreased in vir-
gin rats, the effect corresponding to specific reductions in
plasma VLDL triglycerides and plasma cholesterol associ-
ated with all lipoprotein fractions. However, in pregnant
rats, after an initial reduction, plasma triglycerides in-
creased over values seen in untreated controls at the
fourth day of treatment, and this effect corresponded to
an increase in the triglyceride content both in VLDL and
HDL, the effect being especially marked in the former.

Fig. 2. Plasma cholesterol levels in virgin and pregnant rats at dif-
ferent days of treatment with fenofibrate. Values are means 6 SEM,
n 5 10. Within-group statistical comparisons for rats receiving the
same treatment at different days are shown by lowercase letters,
whereas comparisons between groups receiving different treat-
ments for virgin and pregnant rats are shown by uppercase letters.
Different letters indicate significant differences between the groups
(P , 0.05).

Fig. 3. Plasma triglycerides in VLDL, LDL, and HDL in virgin
and 20-day pregnant rats after 4 days of treatment with fenofibrate.
Values are means 6 SEM, n 5 8. Statistical comparison between
rats receiving different doses, for the same variable, is shown by lower-
case letters. Different letters indicate significant differences be-
tween the groups (P , 0.05).

 by on A
ugust 29, 2006 

w
w

w
.jlr.org

D
ow

nloaded from
 

Virgin rats Fenofibfate dose 
100 Virgin rats 

-- 200 - ( x 2 mg/kg/day) a 

~ D 0 
0, --
.§_ D 100 "C 80 Fenofibrate dose 

150 - 200 
a, ab (X 2 mg/kg/day) 

e A A 
s Do 

.s A A A A a A a a ell 60 Cl 100 Ill CII 
CII "tl 

- 200 0 100 ;:: 
.r; 8 8 CII 
1,1 b b 1,1 

40 
I'll 2:-
E C!I 

Ill 50 
"C 

l'CS I-
a: 20 - a 

a a 
a a a 

0 0 
Pregnant rats b Pregnant rats -- 200 400 T 

~ 
0, 

.§_ --
150 :2 

0 Cl 300 .. g .s A A 
A A 

A A A 
Ill a a A A ell a 
CII a a CII 
0 100 "C 
.r; ;:: 200 
c.J CII 

I'll 
1,1 

E .2:-
CII 

:c (II 50 'C 
I'll 

~ 
a: .... 100 

< 0 w a a a 
V, 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 w a: Day after treatment VLOL LDL HDL 
0 
a: 
~ 
u. 
0 
...J 
< z a: 
:::, 
0 ...,. 

http://www.jlr.org


 

78 Journal of Lipid Research

 

Volume 43, 2002

 

Cholesterol levels also declined shortly after fenofibrate
treatment in pregnant rats to return later on to basal
values, the effect corresponding to an increase in VLDL
cholesterol that was compensated by a reduction in LDL

cholesterol. These changes are followed by major differ-
ences in the liver lipid content: an intense accumulation of
triglycerides in the liver of virgin rats receiving the fenofi-
brate treatment, no changes in the concentration of choles-
terol in these same rats, and unchanged liver triglyceride
and cholesterol concentration in pregnant animals.

In virgin rats, the decrease in plasma VLDL triglycer-
ides caused by fenofibrate seems to be the result of their
decreased liver production, as suggested by the concomi-
tant accumulation of liver triglycerides. This finding could
be the result of the decreased liver VLDL triglyceride pro-
duction (43) and

 

/

 

or an enhanced liver LPL activity (10)
reported in rats receiving fibrate treatment. In fact, it has
been shown previously that conditions where there is an
increase in liver LPL activity such as in the fasted late
pregnant rat or under Intralipid administration to fasted
virgin rats, contribute to liver triglyceride accumulation
(44, 45), switching the liver from a triglyceride exporter
organ into an acceptor. An enhanced extrahepatic VLDL
catabolism secondary to decreased hepatic apoC-III ex-
pression has been proposed to contribute to the fibrate-
mediated triglyceride lowering (6). Because previous studies
have demonstrated that LPL activity is inhibited by high
amounts of apoC-III (46), it was proposed that reductions
in plasma apoC-III levels would facilitate LPL-mediated
VLDL catabolism (6). However, fibrates have shown lack
of regulation of adipose tissue LPL in rats and in humans
(10, 11, 47), and we found, even here, that high doses of
fenofibrate caused significant reductions both in plasma
VLDL triglycerides and adipose tissue LPL activity. Incre-
ments in adipose tissue LPL, however, have been reported
in fibrate-treated rats (48), even by ourselves (12), but de-
pending on the type of drug used and the dose, fibrates
have been also reported to cause opposite effects on dif-
ferent variables (14).

In any case, because reductions of adipose tissue LPL
were found here under conditions where fenofibrate had
caused significant reductions in plasma VLDL triglycer-
ides in normolipidemic virgin rats, no possibility exists to
claim an enhanced removal of triglycerides unless LPL in

Fig. 4. Plasma cholesterol in VLDL, LDL, and HDL in virgin and
20-day pregnant rats after 4 days of treatment with fenofibrate.
Values are means 6 SEM, n 5 8. Statistical comparison between
rats receiving different doses, for the same variable, is shown by lower-
case letters. Different letters indicate significant differences be-
tween the groups (P , 0.05).

 

TABLE 2. Effects of fenofibrate treatment on liver triglycerides and cholesterol
concentrations in virgin and pregnant rats

 

Dose

 

a

 

Gestation Liver Triglycerides Liver Cholesterol

 

mg

 

/

 

g mg

 

/

 

organ mg

 

/

 

g mg

 

/

 

organ

 

0

 

2

 

5.05 

 

6

 

 0.41 49.9 

 

6

 

 3.8 2.37 

 

6

 

 0.07 22.8 6 0.6
100 2 8.08 6 1.00b 109.2 6 10.5d 2.18 6 0.08 23.4 6 1.3
200 2 9.22 6 1.22c 105.3 6 13.2d 2.41 6 0.09 26.3 6 1.0c

0 1 2.33 6 0.19g 35.9 6 2.6f 1.52 6 0.17g 23.2 6 2.3
100 1 1.85 6 0.19g 31.5 6 2.5g 1.61 6 0.15f 29.5 6 2.2e

200 1 1.90 6 0.10g 32.5 6 1.3g 1.28 6 0.13g 22.2 6 2.1

Results are mean 6 SEM, n 5 10/group.
a Dose given in mg/kg body weight/day. Two oral doses of fenofibrate were given per day.
b P , 0.05 from dose 0.
c P , 0.01 from dose 0.
d P , 0.001 from dose 0.
e P , 0.05 from virgin rats.
f P , 0.01 from virgin rats.
g P , 0.001 from virgin rats.
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other extrahepatic tissues such as skeletal muscle was en-
hanced. If this was the case, increments in plasma HDL
cholesterol would have been predicted under the base of
studies in humans (49, 50) and in rats (51); however, to
the contrary, a reduction was clearly found here in agree-
ment with similar results found by others after bezafibrate
treatment (14), which also causes liver triglyceride accu-
mulation. The mechanism for such effect is not yet
known, but fenofibrate has been shown to decrease VLDL
apolipoprotein synthesis (43), and it has been shown by us
and others that fibric acid derivatives in the nonpregnant
rat decrease liver VLDL triglycerides production (11, 12).

This is the first time that the effect of fenofibrate has
been studied in late pregnant rats where a hypertriglyceri-
demic condition is normally present. This condition is
caused by enhanced liver VLDL triglycerides production
(31), partially supported by an enhanced arrival of FFA
and glycerol to the liver as result of enhanced adipose tis-
sue lipolytic activity (30, 52), and decreased circulating
clearance of these lipoproteins due to decreased adipose
tissue LPL (33, 53). The increase in VLDL triglycerides
seen here after 4 days of treatment with fenofibrate in
pregnant rats instead of the decrease seen in virgin rats
may result from the enhanced VLDL triglycerides produc-
tion capability of the mother (54, 55). Such increased VLDL
triglycerides production in the liver of the fenofibrate-
treated pregnant rats allows these animals to avoid the
liver triglyceride accumulation seen in virgin rats, and
must be supported by an enhanced arrival of FFA to the
liver. This possibility is supported by the fact that signifi-

cant linear correlations are found when individual values
of plasma FFA (Table 3) are plotted against plasma triglyc-
erides in pregnant rats receiving 2 3 100 mg fenofibrate/
kg body weight/day (FFA 5 0.0011 TG 1 0.01, n 5 13, R2 5
0.6729, P , 0.01) or 2 3 200 mg fenofibrate/kg body
weight/day (FFA 5 0.0008 TG 1 0.0661, n 5 14, R2 5
0.6722, P , 0.01), whereas this relationship was not signif-
icant in the case of pregnant controls or in virgin rats being
treated or not (data not shown). Increments in plasma
VLDL triglycerides in fenofibrate-treated pregnant rats
are followed by parallel changes in VLDL cholesterol,
which together with decreased LDL cholesterol levels, fit
with the decreased adipose tissue LPL activity seen in
these animals, suggesting that the conversion of VLDL to
LDL is impaired in these animals.

If the action of fibrates on lipid metabolism is primarily
mediated by its role as ligands for PPARa (56), the en-
hanced arrival of FFA (which are also ligands for PPARa)
(56) to the liver in the late pregnant rat (52) could de-
crease the availability of the former to their correspond-
ing PPAR site. This would substantially reduce the capabil-
ity of fibrates to activate PPARa and, consequently, its
metabolic effects. Furthermore, a displacement of fibrates
for binding to fatty acid-binding protein by FFA, which
would be influenced by their intracellular concentration,
cannot be ruled out (57). On the other hand, recent evi-
dence suggests that alteration of gene transcription by
FFA and fibrates is often disconnected (58). Thus, the en-
hanced arrival of FFA to liver in pregnant rats, along with
fibrate, might be affecting an additional battery of genes
in which transcription would be altered, in comparison to
the situation in virgin rats.

Increments in plasma triglycerides seen in pregnant
rats after 4 days of treatment with fenofibrate were pre-
ceded by maintained hypotriglyceridemia during the first
2 days of treatment, and occurred 14 h after the last fenofi-
brate administration when the drug still caused a transi-
tory hypotriglyceridemic effect. Thus, such hypertriglycer-
idemia appears to be the result of a rebound effect that
takes place during late pregnancy when the mother is
known to be in a catabolic condition (26) and when adi-
pose tissue lipolytic activity is enhanced (30, 59, 60). Such

TABLE 3. Effects of fenofibrate on plasma free fatty acids
in virgin and pregnant rats

Dosea

Free Fatty Acids 0 100 200

mM

Virgin 0.181 6 0.018 0.185 6 0.017 0.171 6 0.020
Pregnant 0.306 6 0.021b 0.449 6 0.034b,c 0.481 6 0.035b,d

Results are mean 6 SEM, n 5 10/group.
a Dose given in mg/kg body weight/day. Two oral doses of fenofi-

brate were given per day.
b P , 0.001 from virgin rats.
c P , 0.01 from dose 0.
d P , 0.001 from dose 0.

TABLE 4. Effects of fenofibrate on lumbar adipose tissue
LPL activity in virgin and pregnant rats

Dosea

LPL 0 100 200

pkatal/g of fresh tissue

Virgin 1,074 6 300 595 6 146b 276 6 45c

Pregnant 854 6 135d 368 6 38b 340 6 86b

Results are mean 6 SEM, n 5 5/group.
a Dose given in mg/kg body weight/day. Two oral doses of fenofi-

brate were given per day.
b P , 0.05 from dose 0.
c P , 0.01 from dose 0.
d P , 0.05 from virgin rats.

TABLE 5. Effects of maternal treatment with fenofibrate on fetal 
plasma and liver lipids

Dosea

0 100 200

Plasma triglycerides (mg/dl) 83.5 6 2.8 85.1 6 2.9 94.3 6 3.1b

Plasma cholesterol (mg/dl) 83.1 6 4.2 83.3 6 3.3 98.6 6 5.2b

Liver triglycerides (mg/g) 1.52 6 0.09 2.48 6 0.13d 2.51 6 0.10d

Liver cholesterol (mg/g) 0.74 6 0.01 0.92 6 0.04c 1.17 6 0.04d

Results are mean 6 SEM, n 5 10/group for plasma lipids; n 5 6/
group for liver lipids.

a Dose given in mg/kg body weight/day. Two oral doses of fenofi-
brate were given per day.

b P , 0.05 from dose 0.
c P , 0.01 from dose 0.
d P , 0.001 from dose 0.
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a rebound effect has not been previously reported for
fenofibrate, but there are reports of rebound effects of
other hypolipidemic antilypolitic drugs such as Acipimox
after semichronic treatments in humans having stimulated
adipose tissue lipolysis such as non-insulin-dependent dia-
betes mellitus patients (61). Although we do not know
whether the hypotriglyceridemia followed by hypertriglyc-
eridemia caused by fenofibrate treatment in the late preg-
nant rat would affect fetal growth, a direct effect of the
drug to the fetus and/or a response of the fetus to mater-
nal alterations in lipoprotein metabolism cannot be dis-
carded. In fact, although neither VLDL triglycerides nor
cholesterol directly seem to cross the placental barrier in
the rat (62–64), the presence of lipase activities in the pla-
centa allows conditions of maternal-exaggerated hyper-
triglyceridemia to increase fetal triglycerides (53). In addi-
tion, maternal cholestyramine feeding, a nonabsorbable
bile acid binding resin, is known to induce 3-hydroxy-3-
methylglutaryl coenzyme A reductase and fatty acid syn-
thetase activities and the consequent cholesterol and fatty
acid synthesis in the fetus (65, 66). Therefore, the incre-
ments of plasma and liver cholesterol and triglyceride
concentrations seen here in fetus of dams treated with
fenofibrate could be a consequence of the drug-induced
perturbation of maternal lipoprotein metabolism. Al-
though a similar explanation could be given to justify the
negative effect of the highest dose of fenofibrate on fetal
body weight, a direct effect of the drug crossing the pla-
centa on fetal development cannot be discarded, as has
been already shown for clofibrate (67).

Thus, present results show opposite effects of fenofi-
brate treatment in virgin and pregnant rats, the main re-
sponsible factor for the difference being both the known
enhanced liver capability for VLDL triglyceride produc-
tion and a rebound response to the drug in the latter.
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