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Abstract

We have previously demonstrated that severe adipose tissue atrophy occurs upon dietary treatment of mice with potent peroxisome

proliferators (PPs). This atrophy occurs subsequent to peroxisome proliferation in the liver and may represent a novel addition to the

pleiotropic effects exerted by PPs. In the present study we have characterized the recovery of mice from such atrophy following cessation

of exposure. Following termination of treatment with perfluorooctanoic acid (PFOA) for 7 days, the adipose tissue atrophy was rapidly

reversed, beginning on 2–5 days of recovery and being complete within 10 days. In contrast, hepatic peroxisome proliferation recovered

much more slowly, indicating that these processes are not strictly coordinated. Analysis of lipoprotein lipase and hormone-sensitive lipase

activities in adipose tissue revealed that the decrease and increase in these activities, respectively, caused by PFOA were both reversed

within 10 days of recovery. Overall, these data provide further support for our previous conclusion that the adipose tissue atrophy induced

by PFOA is caused, at least in part, by changes in the activities of lipoprotein lipase and hormone-sensitive lipase. The serum level of

cholesterol, which increased after termination of PFOA treatment, returned to normal with a time-course similar to the recovery of adipose

tissue weight, although hepatic peroxisome proliferation was still present. The possible relationship between the reduction in serum

cholesterol and/or in its availability to peripheral tissues and the associated atrophy of adipose tissues caused by PPs is discussed.

# 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Peroxisome proliferators (PPs) constitute a large family

of widespread foreign compounds, including many indus-

trial chemicals and important clinical drugs. Discovery of

the peroxisome proliferator-activated receptor-alpha

(PPARa), a member of the superfamily of nuclear hormone

receptors, and studies on PPARa-null mice have revealed

that PPs exert many of their effects by activating this

receptor (for a review, see Ref. [1]).

Alteration in adipose tissues due to exposure to xeno-

biotics is of interest with regards to diseases, such as

obesity and type II diabetes. Recently, it has been observed

in our laboratory [2] and others [3–6] that severe adipose

tissue atrophy occurs in mice upon treatment with certain

potent peroxisome proliferators (PPs). This phenomenon

exhibits dose- and time-courses similar to those of hepatic

peroxisome proliferation [2].

In addition to causing peroxisome proliferation, hepa-

tomegaly and upregulation of hepatic peroxisomal fatty

acid b-oxidation in rodents, many PPs exert a clinically

useful hypolipidemic effect in both humans and rodents

[7,8]. It has been demonstrated that PPs exert their hypo-

lipidemic effect via both PPARa-dependent and -indepen-

dent mechanisms. Downregulation of the apo C-III protein

and upregulation of hepatic lipoprotein lipase (LPL),

leading to increased lipid clearance by the liver, are

PPARa-dependent [9–12]. On the other hand, inhibition
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of phosphatidylethanolamine methyltransferase by fibrate

and perfluorooctanoic acid (PFOA), resulting in decreased

very low density lipoprotein (VLDL) secretion, is PPARa-

independent [12,13]. This later phenomenon may explain

the fact that PPs exert a hypolipidemic effect on human

beings, even though these substances apparently do not

cause peroxisome proliferation in human liver.

In a previous investigation we found that peroxisome

proliferation induced in mouse liver by PFOA persists for at

least 20 days after cessation of exposure [14]. To further

elucidate the relationship between peroxisome proliferation

and adipose tissue atrophy, the recovery of adipose tissue

weight in mice treated for 7 days with PFOA was further

characterized. Interestingly, in contrast to hepatic peroxi-

some proliferation, adipose tissue atrophy was totally

reversed within the 10-day recovery period, and the activ-

ities for the enzymes in adipose tissue which govern fatty

acid uptake into and release from this tissue, i.e. lipoprotein

lipase and hormone-sensitive lipase (HSL), respectively,

normalized. In addition, the circulating levels of plasma

lipids (triglyceride and cholesterol), a possible link between

the liver and adipose tissue, were also monitored during the

treatment and recovery period. These results suggest a close

relationship between adipose tissue weight loss and regain

and the circulating level of cholesterol.

2. Materials and methods

2.1. Chemicals

PFOA was purchased from Aldrich Chemical Company

(Steinheim, Germany). All other materials and chemicals

were of analytical grade and obtained from common

commercial sources.

2.2. Animals and treatment

Male C57BL/6 mice (B&K Universal AB, Sweden)

weighing 24–28 g (about 8–10 weeks old) were housed

in groups of four. These animals were maintained on a 12-

hr light:12-hr dark cycle at 258 and given free access to

laboratory chow (Rat and Mouse Standard Diet, B&K

Universal AB, Sweden) and water. These studies were

approved by the Northern Stockholm Ethical Committee

for Animal Experimentation.

The PFOA-containing diet was prepared as described

previously [14]. Briefly, PFOA was dissolved in 20 mL

acetone and mixed with 500 g powdered food to give a final

concentration of 0.02% PFOA (w/w). The chow was dried

in a ventilated hood until no smell of acetone was detectable

(>24 hr). Since mice scatter powdered food, both the nor-

mal and PFOA-containing chows were prepared in the form

of pellets to allow determination of food consumption.

The daily food and water consumption were determined

by weighing, as was total body weight. For monitoring

recovery, the animals were fed a diet containing 0.02%

PFOA (w/w) for 7 days, after which they received normal

chow for 2–10 days. For observation of the time-course of

alteration in serum lipids, the mice in one group were

administered this PFOA-containing diet for 2, 5 or 7 days.

At the end of this feeding period, the mice were bled under

ether anaesthesia and then sacrificed by cervical dislocation.

The liver and epididymal and retroperitoneal adipose tissues

were dissected out and weighed. The blood from each mouse

was allowed to clot at room temperature, after which the

serum was collected by centrifugation and stored at �808
until used for analysis. Each liver was homogenized indi-

vidually in ice-cold 50 mM potassium phosphate buffer (pH

7.5) with a Polytron (Model PT3000, Kinematica AG) to

obtain a 20% (w/v) homogenate. The adipose tissue samples

to be employed for assaying LPL were de-fatted according

to Saha et al. [15] prior to being stored at �808.

2.3. Assays of enzyme activities and lipolytic activity

All assays were performed employing established pro-

cedures. Carnitine pamitoyltransferase (CPT) and carnitine

octanoyltransferase (COT) [16] were assayed employing

liver homogenates. Lipoprotein lipase activity in de-fatted

adipose tissue was determined as described by Del Prado et

al. [17]. Briefly, dibutyri-fluorescine was used as a sub-

strate for LPL and the fluorescine liberated by enzymatic

hydrolysis of the substrate was determined. The LPL

activity was expressed as nanomoles of fluorescent pro-

ducts produced/per hour per epididymal tissue.

HSL activity was obtained from the difference in the

amount of glycerol released by the lipolytic activity of

epididymal tissue with and without epinephrine stimula-

tion in vitro, according to the procedure of Herrera et al.

[18], with calculation as described by Brandes et al. [19].

2.4. Serum fractionation

Serum was fractionated by discontinuous density gradi-

ent ultracentrifugation as described earlier [20], with slight

modification. In brief, sera from four control or PFOA-

treated (7 days) mice were pooled and 1 mL of sample was

layered onto a density gradient. Centrifugation was per-

formed according to the reported procedure, with the

modification that 1 mL sucrose solution with a density of

1.21 g/mL (200 mg sucrose dissolved in 1 mL premixed

NaCl- and NaBr-containing solution with a density of

1.184 g/mL [20]) was added to the bottom of the tube in

order to separate out a fraction exhibiting a density higher

than that of the high density lipoprotein (HDL) fraction.

2.5. Assays of the triglyceride and cholesterol contents

of serum and subfractions thereof

The triglyceride content was determined by monitor-

ing the oxidation of NADH at 340 nm in the coupled
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enzymatic system described by Nemeth et al. [21]. This

measurement was performed in duplicate on microplates

and the triglyceride content expressed as mg/dL serum.

Cholesterol was determined by monitoring H2O2 pro-

duction in a coupled reaction involving cholesterol esterase

and cholesterol oxidase, as described by Heider and Boyett

[22]. This measurement was also performed in duplicate on

microplates and the cholesterol content also expressed as

mg/dL serum.

Protein was quantitated according to Lowry et al. [23],

utilizing bovine serum albumin as the standard.

2.6. Analysis of plasma lipoproteins

For determination of plasma apolipoprotein levels,

whole serum and the subfractions thereof were electro-

phoresed on a 4–20% (linear gradient) polyacrylamide gel.

These gels were subsequently stained with Coomassie

Brilliant Blue R.

2.7. Statistical analysis

Each experimental group contained four animals and the

data are presented as means � SD. Significant differences

between groups were identified by one-way ANOVA fol-

lowed by planned multiple comparison according to the

least significant difference method (Statistica software,

Stat Soft). Student’s t-test was used for statistical compar-

isons (for further details, see the figure and table legends).

3. Results

3.1. General observations during administration of

PFOA to mice

Upon treatment of mice with 0.02% (w/w) PFOA for

7 days, none of the animals demonstrated any apparent

signs of toxicity, such as sores, poor grooming, lethargy or

other behavioral changes. Although total food intake did

not decrease during this 7-day treatment, total water intake

and body weight were significantly reduced (22%). In

contrast, a significant increase in water intake (40%)

(6:88 � 0:87 g/mouse per day vs. 9:65 � 2:09 g/mouse -

per day, P < 0:01) was observed during the first 2 days

of recovery, after which water intake returned to normal

levels. Food intake was not altered during recovery,

although body weight recovered rapidly (Fig. 1).

3.2. Effect of PFOA administration and subsequent

withdrawal on liver and adipose tissue weights

Like total body weight, the weights of the epididymal

and retroperitoneal adipose tissue pads increased rapidly

after cessation of PFOA treatment (Fig. 1). This recovery

was statistically significant after 2–5 days and complete

after 10 days. Indeed, retroperitoneal adipose tissue pad

weight was even greater than that of the control after 10

days of recovery (Fig. 1). In contrast, the increased liver

weight caused by PFOA had not returned to normal 10 days

after cessation of treatment, suggesting that recovery of the

hepatic and adipose tissues are not tightly coupled.

3.3. Regulation of liver mitochondrial and peroxisomal

fatty acid b-oxidation upon administration and

subsequent withdrawal of PFOA

In light of the persistence of the hepatomegaly, mito-

chondrial and peroxisomal fatty acid b-oxidation were

monitored in whole liver homogenates by assaying CPT

and COT activities, commonly employed as indicators of

peroxisome proliferation. CPT and COT facilitate the trans-

port of long and medium chain acyl-CoA into mitochondria

and peroxisomes, respectively. Both carnitine acyltrans-

ferases facilitate the generation of energy by b-oxidation

of fatty acids in the organelles in which they are present (for

a review, see Ref. [24]). As we have found previously,

PFOA treatment induced both of these activities (Fig. 2).

Subsequent withdrawal of PFOA resulted in significant

reductions in both activities, this decrease being much more

pronounced after 10 days of recovery in the case of COT

(from a maximum of 9- to 5-fold above the control value)

than CPT (from a maximum of 4- to 3-fold above the

control value). The fact that neither of these activities had

returned to the control level after 10 days of recovery is in

agreement with the persistence of the peroxisome prolif-

eration caused by PFOA we reported earlier [14].

3.4. Restoration of lipolytic (HSL) and lipoprotein

lipase (LPL) activities in epididymal tissue during

recovery from PFOA administration

We have demonstrated previously that adipose tissue

weight loss resulting from PFOA treatment is a conse-

quence of fat depletion, rather than a decrease in adipocyte

Fig. 1. Effects of PFOA administration and subsequent withdrawal on

the body, liver and adipose tissue weights of mice. The results shown are

the means � SD (the bars) of the values for four animals. Values for

untreated controls are set to 100%. Differences were analyzed statistically

employing the one-way ANOVA. �P < 0:05, ��P < 0:01 and ���P < 0:001

compared to the control (untreated) value. #P < 0:05, ##P < 0:01 and
###P < 0:001 compared to the PFOA-treated (7 days) value. For further

details, see Section 2.
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number [2]. This explains why, under these circumstances,

total LPL activity during treatment and after withdrawal is

a better measure than the corresponding activity per gram

tissue, since changes in the latter reflect primarily changes

in the fat content (and thus weight) of adipose tissue rather

than cellular variation in protein expression. Furthermore,

the activity of HSL in the phosphorylated and unpho-

sphorylated states differs [25]. Thus, this lipolytic activity

was determined as the difference between the rates of

glycerol released per gram tissue in vitro in the presence

and absence of epinephrine, which activates HSL maxi-

mally. Downregulation of LPL (essential for fatty acid

uptake) and upregulation of HSL (rate-limiting for fatty

acid release) in adipocytes was found to, at least in part,

explain this adipose tissue atrophy.

In the present study, the HSL activity of epididymal

adipose tissue (reflected by glycerol released in vitro) was

determined following dietary administration of 0.02%

(w/w) PFOA and subsequent withdrawal. After 7 days

of treatment, this activity was significantly elevated (about

30%, not shown [2]). However, activities fell during 10

days of recovery to a level significantly lower than that

observed in control animals (Table 1), supporting the idea

that HSL plays a role in PP-induced loss and subsequent

regain of adipose tissue.

Furthermore, following withdrawal of PFOA, the total

LPL activity of epididymal adipose tissue increased

rapidly on the second day of recovery and was significantly

elevated after 5–10 days compared to the PFOA-treated

group (Fig. 3). This is exactly the same pattern observed for

the recovery of adipose tissue weight (see above). Thus, the

rapid recovery of adipose tissue weight following cessation

of treatment with PFOA might be a consequence of the

rapid return of both downregulated LPL and upregulated

HSL activities to control levels.

Fig. 2. Effects of PFOA administration and subsequent recovery for up to 10 days on mouse hepatic CPT (filled columns) and COT (open columns) activities.

The results shown are the means � SD (the bars) of the values for four animals. Differences were analyzed statistically employing the one-way ANOVA.
��P < 0:01 and ���P < 0:001 compared to the control (untreated) value. #P < 0:05, ##P < 0:01 and ###P < 0:001 compared to the PFOA-treated (7 days)

value. For further details, see Section 2.

Table 1

In vitro HSL activity of the epididymal adipose tissue of untreated mice

and of mice treated for 7 days with PFOA and then allowed to recover for

10 days

HSL activity (mmol glycerol released/g wet epididymal

adipose tissue—3 hr)

Control

mice (untreated)

PFOA-treated

mice

Mice treated with

PFOA and allowed to

recover for 10 days

4.07 � 1.08 30% higher than

the control valuea

1.63 � 1.06*

The values shown are the differences between the hormone-stimulated

and unstimulated release of glycerol. All values are means � SD for four

animals. Differences were analyzed statistically employing the paired

Student’s t-test.
a See Ref. [9].
* P < 0:05 compared to the control (untreated) value. For further

details, see Section 2.

Fig. 3. Effects of PFOA administration and subsequent recovery for up to

10 days on the total LPL activity of epididymal adipose tissue. The results

shown are the means � SD (the bars) of the values for four animals.

Differences were analyzed statistically employing the one-way ANOVA.
�P < 0:05 compared to the control (untreated) value. #P < 0:05 and
##P < 0:01 compared to the PFOA-treated (7 days) value. For further

details, see Section 2.
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3.5. Time-course of the effect of PFOA administration

on serum levels of triglycerides and cholesterol

In order to establish a possible relationship between the

hepatomegaly and adipose tissue atrophy caused by PFOA

treatment, serum lipids, a possible link between these two

tissues, were quantitated. The serum triglyceride content

was significantly reduced during the entire 7-day period of

treatment with PFOA (Fig. 4), in agreement with the

effects of other PPs as well. Although serum cholesterol

was also significantly decreased by the second day of

treatment, this value increased again to 80% of the control

by the seventh day of treatment. This rebound suggests that

PFOA might cause changes in addition to the normal

hypolipidemic effect of PPs.

3.6. Serum levels of cholesterol and triglycerides

during recovery from PFOA treatment

Following termination of PFOA treatment, serum cho-

lesterol continued to increase (2-fold) during the first 2

days of recovery and thereafter began to fall, returning to

normal levels within 10 days (Fig. 5). The rate in this

decrease was similar to the rate observed for adipose tissue

weight gain, indicating a possible relationship between

these two parameters.

In contrast to these changes in serum cholesterol follow-

ing withdrawal of PFOA from the diet, the PFOA-induced

decrease in triglycerides was relatively preserved during the

entire 10-day recovery period, with the lowest level actually

being obtained after 2 days of recovery (Fig. 5). This relative

preservation of PFOA-induced changes was also observed

with hepatic CPT and COT activities and the liver weight.

3.7. Effects of PFOA on the levels of lipids and

apolipoprotein in individual subfractions of serum

Changes in different lipoprotein particles occurring

during PFOA treatment and subsequent recovery were also

explored to further clarify the alteration in details. After

PFOA treatment for 7 days, the decrease in total serum

cholesterol content was relatively evenly distributed in all

serum subfractions (Fig. 6A). Separation of the serum

proteins present in the different subfractions by SDS–

PAGE (Fig. 6B) revealed that, although the total amount

of apo-B100 protein was significantly decreased, the total

amount of apo-B48 was not altered. However, apo-B48

was significantly enriched in the bottom subfraction of the

plasma, suggesting the redistribution of apo-B48 to a

denser particle. This finding is consistent with the observa-

tion by Okochi et al. [12] that PFOA added in vitro can

cause apo-B48 lipoprotein to dissociate from lipids, result-

ing in the lipid-poor apo-B48-containing particles in this

bottom fraction. This is in agreement with the significant

decrease in the cholesterol content of this bottom subfrac-

tion in response to PFOA treatment as well.

In addition, exposure to PFOA slightly reduced the total

level of A–I apolipoprotein in whole serum and in the HDL

subfraction, while dramatically decreasing the level of this

protein in the low density lipoprotein (LDL) subfraction

(Fig. 6B).

4. Discussion

In the present investigation, we observed that, although

decreasing somewhat, both the liver weight and hepatic

fatty acid b-oxidation of mice treated with PFOA remain

elevated for at least 10 days after cessation of treatment.

These findings are consistent with our previous observation

that the 13-fold increase in hepatic peroxisomal lauoryl-

CoA oxidase activity observed in mice exposed to PFOA

decreases significantly within 10 days of recovery, but is

not restored to normal until after 20 days [14]. Further-

more, similar to the persistent hepatic peroxisome prolif-

eration, the decreased plasma triglyceride level evoked by

Fig. 4. The time-course of the effect of PFOA administration on serum

levels of triglyceride (filled column) and cholesterol (open column) in

mice. The results shown are the means � SD (the bars) of the values for

four animals. Differences were analyzed statistically employing the one-

way ANOVA. �P < 0:05, ��P < 0:01 and ���P < 0:001 compared to the

control (untreated) value. #P < 0:05 compared to the PFOA-treated

(2 days) value. For further details, see Section 2.

Fig. 5. Recovery of serum levels of triglyceride (filled column) and

cholesterol (open column) after withdrawal of PFOA. The results shown

are the means � SD (the bars) of the values for four animals. Differences

were analyzed statistically employing the one-way ANOVA. �P < 0:05,
��P < 0:01 and ���P < 0:001 compared to the control (untreated) value.
#P < 0:05 and ##P < 0:01 compared to the PFOA-treated (7 days) value.

P < 0:05 and P < 0:01 compared to the value for the 2-day recovery

group. For further details, see Section 2.
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PFOA treatment remains low throughout the 10-day recov-

ery period, suggesting that the liver weight, peroxisome

proliferation and serum triglyceride level are coordinated,

at least to some extent, during the recovery period.

We observed previously that the time-course of adipose

tissue atrophy upon PP treatment closely resembles that of

hepatic peroxisome proliferation [2]. However, in contrast

to the persistent hepatomegaly and hepatic peroxisome

proliferation caused by PFOA in mice, adipose tissue

atrophy is rapidly and completely reversed within 10 days

after termination of treatment, i.e. hepatic peroxisome

proliferation and adipose tissue weight are not strictly

coordinated during this period. In addition, the previously

observed alterations in LPL and HSL activities during

PFOA-induced adipose tissue atrophy [2] are also rapidly

reversed during recovery. These findings further indicate

that these activities play an essential role in adipose tissue

atrophy and restoration.

Since hepatic capacity for fatty acid b-oxidation is

retained during recovery, uptake and/or release of triglycer-

ides from adipocytes via altered LPL and HSL activities may

contribute to the persistent low level of serum triglyceride.

Interestingly, the elevation of serum cholesterol 2 days

after cessation of PFOA treatment is normalized following

10 days of recovery, suggesting a close relationship

between serum cholesterol level and adipose tissue weight.

That both LPL and HSL activities and serum cholesterol

levels exhibit the same time-course as adipose tissue

recovery raises question of possible relationships between

these phenomena.

To explain our observations, we have previously sug-

gested a mechanism (for details, see Ref. [2]) based on the

involvement of insulin in regulation of both LPL and HSL

activities. It has been reported that both of these activities

can be influenced by the insulin sensitivity of adipose

tissue, which synergistically influences PPARg-dependent

regulation of LPL expression [26] and noradrenaline-

stimulated phosphorylation of HSL [25]. Furthermore,

it has been demonstrated that the insulin receptors are

located in a special plasma membrane domain, the so-

called caveolae [27], and that alteration of the lipid

composition and, especially, depletion of cholesterol in

the caveolae can influence insulin signaling [28]. Thus, a

decrease in the cholesterol content of adipocyte membrane

Fig. 6. (A) The cholesterol contents in subfractions of serum from control (untreated) (filled columns) and PFOA-treated mice (open columns). (B) Protein

compositions of the lipoproteins present in total and different subfractions of serum from control (C) and PFOA-treated mice (P). After 7 days of treatment,

sera from four mice in each group were pooled and separated by ultracentrifugation and the individual subfractions thus obtained subsequently analyzed. The

profile shown is representative of independent analyses performed on three different groups of mice. Differences were analyzed statistically employing the

paired Student’s t-test. �P < 0:05 compared to the control (untreated) value. For further details, see Section 2.
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caveolae will probably attenuate insulin signaling [28],

thereby leading to the changes in LPL and HSL activities

observed here.

As is also the case for other PPs, PFOA enhances hepatic

clearance of the lipid particle remnant via PPARa-depen-

dent processes [9–11,29], as well as reducing triglyceride

and cholesterol secretion from the liver in the form of

lipoprotein particles, VLDL [12,13]. Consequently, net

hepatic cholesterol secretion is reduced, resulting in a

decrease in the serum cholesterol content during the first

5 days of treatment. In addition, in primary cultures of rat

hepatocytes PFOA can dissociate apo-B48 from lipids

during the assembly of VLDL particles [12]. This

PPARa-independent effect can further impair LDL forma-

tion and, subsequently, LDL particle uptake via the apo-B-

dependent LDL receptor. The occurrence of such a phe-

nomenon is supported by the observation that upon serum

subfractionation, apo-B48-containing particles are shifted

to the fraction of highest density, indicating impairment of

LDL formation and/or uptake in vivo.

The observed cholesterol ‘‘rebound’’ phenomenon in

Fig. 4 might be due to the accumulation of impaired LDL

cholesterol in serum. However, all of these effects reduce

the supply of serum cholesterol to adipose tissues, although

by different mechanisms. Thus, both PPARa-dependent

and -independent effects of PFOA might decrease the

cholesterol availability to adipocytes. An intricate syner-

gism may be suggested between PPARa-dependent

(increased hepatic remnant clearance, cholesterol excre-

tion from the body and reverse cholesterol transport from

peripheral tissues to the liver) and PPARa-independent

(apo-B48 dissociation, reduced VLDL secretion and its

effects on LDL uptake) mechanisms. Preliminary experi-

ments on PPARa-null mice (unpublished data) are also

supportive of the occurrence of both PPARa-dependent

and -independent pathways in the phenomena studied here.

Furthermore, the reported enhancement of ABCA1-

dependent reverse cholesterol transport upon treatment

with PPs (for a review, see Ref. [30]) may well increase

serum HDL cholesterol levels and also favour removal of

cholesterol from the plasma membrane, especially, from

caveolae [31,32]. Further experiments are obviously

required to test this hypothesis, for example, direct deter-

mination of the level of cholesterol and insulin signaling in

the adipocyte plasma membrane.

Together, these effects may lower the cholesterol con-

tents of certain peripheral tissues, and especially of the

caveolae [30], thus, affecting insulin signaling in the

plasma membrane of adipocytes.

In summary, the recovery experiments described here

reveal that persistent hepatic peroxisome proliferation and

regain of adipose tissue occur after cessation of PFOA

treatment, i.e. these phenomena are not strictly coordi-

nated. The changes in the weight of adipose tissue involve

alterations in LPL and HSL activities, as well as, possibly,

changes in the availability of circulating cholesterol.

Will these effects of PPs influence adipose tissues in

humans as well? Since PPs exert hypolipidemic effects

both in humans and rodents [33], the associated risk for

health problems, such as insulin resistance in adipocytes,

may also occur in human beings. Fortunately, instead of

apo-B48, human liver secrets apo-B100, which is not

dissociated from lipids by PFOA treatment, so that there

should be no direct effect of PFOA on cholesterol uptake

by human adipose tissues. However, the hypolipidemic

effect occurs in humans as well. Is this phenomenon a

friend or foe? The answer to this question is strongly

dependent on the particular situation. Potent PPs may

function as effective anti-atherosclerotic and anti-diabetes

drugs for hyperlipidemic patients, while adversely disturb-

ing lipid metabolic balance in healthy individuals.
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