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Abstract:

Squalene is the main unsaponifiable component of virgin olive oil, the main source of
dietary fat in Mediterranean diet, traditionally associated with a less frequency of
cardiovascular diseases. In this study, two experimental approaches were used. The
first, New Zealand rabbits fed for 4 weeks with a chow diet enriched in 1% sunflower
oil for the control group, and in 1% of sunflower oil and 0.5% squalene for the
squalene group. In the second, APOE KO mice received either Western diet or
Western diet enriched in 0.5% squalene for 11 weeks. In both studies, liver samples
were obtained and analyzed for their squalene content by gas chromatography-mass
spectrometry. Hepatic distribution of squalene was also characterized in isolated
subcellular organelles. Our results show that dietary squalene accumulates in the liver
and a differential distribution according to studied model. In this regard, rabbits
accumulated in cytoplasm within small size vesicles, whose size was not big enough to
be considered lipid droplets, rough endoplasmic reticulum and nuclear and plasma
membrane. On the contrary, mice accumulated in large lipid droplets, and smooth
reticulum fractions in addition to nuclear and plasma membrane. These results show
that the squalene cellular localization may change according to experimental setting
and be a starting point to characterize the mechanisms involved in the protective

action of dietary squalene in several pathologies.

Keywords: Squalene, the liver, subcellular fractions, steatosis



Introduction.

Non-alcoholic fatty liver disease (NAFLD) is now viewed as a considerable health issue
since it affects about 25% of the USA population, and up to 30% of these patients will
develop more severe diseases such as non-alcoholic steatohepatitis (NASH), cirrhosis,
and in some cases hepatocellular carcinoma [14]. The liver, as an organ with a major
role in metabolizing glucose, fatty acids, and cholesterol, seems particularly sensitive
to the increased incidence of human obesity in the modern society, and is becoming a
lipid-accumulating tissue as well, and as consequence, promoting insulin resistance in
human peripheral tissues [12]. NAFLD does not show symptoms so, when detected in a
regular analytical, it is complicated to reverse the damage for the advanced stages of
the disease, it is crucial to identify the first symptoms, and to provide early effective

treatment for this ailment [4].

Squalene is an isoprenoid lipid belonging to the terpene family with linear structure
and six double bounds, firstly isolated from shark livers where it accumulates with no
apparent damage to the organ [21]. In addition, it is also present in amaranth and
virgin olive oils [21]. Squalene is the precursor of sterol biosynthesis in all cell types
and is located in the midplane of the lipid bilayer [9]. Moreover, It has been proposed
that squalene could be a bioactive compound [17] able to act as antioxidant [30,19,5],
anti-inflammatory [6,7,23] or as antineoplastic agent against skin, colon, and lung
cancer cells as well as sarcoma [22,16,18,24]. Not surprisingly, some authors have
considered it as an effective therapeutic agent in treatment of age-associated

disorders where free radicals are a major causative factor [1].

Using APOE-KO mice as model of spontaneous atherosclerosis and fatty liver [3], the
administration of dietary squalene decreased atherosclerotic lesion, and in males, this
lesion correlated with hepatic fat content, what suggested that squalene
administration could be used as a safe alternative to correct hepatic steatosis and
atherosclerosis, particularly in males [8]. Using high-throughput approaches, it was
found that the normalization of the steatotic liver by squalene was associated with
complex mechanisms involving mitochondria and endoplasmic reticulum [19,20].
Recently, it has been shown in HepG2 cells that squalene behaves as a peroxisome
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proliferator-activated receptor-a agonist, decreasing cellular triacylglycerol and
cholesterol concentrations, while fatty acid uptake was increased [10]. These facts
together with that the liver is the main squalene body storage [28,9], make this
compound an attractive agent in the field of NAFLD. In adipose tissue, two pools of
squalene were shown to exist, one in lipid droplets and other in microsomes [27]. To
our knowledge, no study has addressed the subcellular distribution of squalene in the
liver and mechanisms controlling those pools. The present endeavor has set up to

characterize the subcellular distribution of squalene in two animal models.



Material and methods.

Animals and diets.

During 4 weeks, two groups of 6 male New Zealand rabbits were fed with a chow diet
enriched with 1% of sunflower oil for the control group, and with 1% of sunflower oil
and 0.5% of squalene for the squalene group. After this period, the rabbits were fasted

for 18 hours and liver was obtained for assays. The samples were stored at -80 2C.

The mice experiment used two groups of 17 male APOE-KO, which were fed a purified
Western diet for the control group and a purified Western diet supplemented with
0.5% of squalene for the squalene group. After the 10-week diet intervention, and
four-hour fast, the animals were killed by suffocation with CO2. The livers were
removed, weighed, frozen in liquid nitrogen, and stored at — 80 °C until analysis.
Animals were handled and killed observing guidelines (Directive 2010/63/UE) from the
European Union for care and use of laboratory animals in research, and the protocols
were approved by the Ethics Committee for Animal Research of the University of

Zaragoza.

Preparation of cellular fractions.

For the preparation of cellular fractions, we used 4 g of pooled livers of each
experimental group and animal model and followed the protocol shown in Figure 1
adapted from [11] and [25]. In a Potter, the frozen liver was homogenized in cooled 40
ml of 0.25 M sucrose/5 mM Tris HCI, pH 7.4/ 1.0 mM MgCl; solution, with protease
and phosphatase inhibitors (Sigma-Aldrich, Saint Louis, MO, USA), at concentrations
according to manufacturer instructions. Homogenized tissue was filtered through
sterile gauze, and centrifuged at 280 g for 5 minutes. The pellet was discarded, and the
supernatant was centrifuged at 1500 g for 10 minutes, resulting in the pellet, which
contained nuclei and membranes, and a supernatant that was again centrifuged at
19000 g for 20 minutes. After this centrifugation, the pellet contained mitochondria,
lysosomes and peroxisomes, and the supernatant was centrifuged at 34000 g for 30
minutes. The latter centrifugation step resulted in a new pellet named light

microsomes, and a supernatant that was centrifuged at 124000 g for 30 minutes. The
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resulting pellet was dubbed heavy microsomes. Both microsomal fractions were
diluted until 5 ml with 0.25 M sucrose and 0.015 M CsCl. A discontinuous gradient was
generated by adding 7 ml of 1.3 M sucrose and 0.015 M CsCl, added on top of the 5 ml
microsomal-containing fraction. The gradient was centrifuged at 237000 g for 120
minutes, and the resulting pellet contained the rough ER (rER) [25]. The supernatant
was diluted in an equal volume of 0.25 M sucrose, and centrifuged at 124000 g for 60
minutes. The pellet obtained contained the smooth ER (sER). Each obtained sample
was immediately frozen in liquid nitrogen, and stored at -80 2C until sample

processing.
Extraction and solid phase extraction (SPE).

In this process, all used chemicals were of CG-MS quality. We used a cellular fraction
aliquot equivalent to 0.1 g of tissue, according to weight of samples and volumes used
in each step. Samples was transferred to a centrifuge glass tube and homogenized in 1
ml of PBS, and 200 microliters of 932 uM 5a-cholestane in dichloromethane as internal
standard for determining the efficiency of the extraction. Samples were extracted with
1 mL of hexane and vortexed for 5 seconds. Then, tubes were centrifuged at 2200 g for
10 minutes, and the organic phase was transferred to a clean tube. To improve the
efficiency, this extraction process was repeated twice. The collected organic phases
were combined and a further step of purification using SPE was included in order to
eliminate other lipids and phospholipids and to improve chromatogram background.
This is critical for samples with low squalene concentrations, so the obtained hexane
extracts were passed through a SPE cartridge, EFS SiOH (Andlisis Vinicos, Tomelloso,
Spain; 200 mg/3 mL), previously equilibrated with 1.6 mL of hexane. Elution was
obtained by adding 1.6 mL of hexane at a constant flow of 1.0-1.5 mL/min. Eluted
samples were dried using a N2 stream in a thermostatic bath at 55 °C. Then, they were
dissolved with 200 pL of 72 pM squalane solution in dichloromethane. To facilitate
complete dissolution of tube residue, they were sonicated for 3 minutes. Samples
were transferred to 150 pL vial insert into a 2 mL vial and were ready for

chromatographic analysis.

Gas chromatography-mass spectrometry (GC-MS).



CG analyses were carried out in an Agilent 6890 CG with a 7683B Injector and a 5975B
MS acquisition parameter unit (Agilent Technologies, Santa Clara, CA, USA), using a
J&W122-5532 column (Agilent) with a nominal length of 30 m and a diameter of 0.25
mm and a helium flow of 1 mL/min. Oven temperature was set up to operate from
280 to 290 2C in 15 minutes with a ramp from 5 to 13 minutes. Peak identification was
done by comparison of the retention times of sample peaks with those of individual
standards (squalane, squalene and 5a-cholestane with retention times of 9.8, 11.3,
and 12.2 minutes), and the ion mass patron of each compound, using the m/z of 69.1
for squalene, 113 for squalane and 217.2 for 5a-cholestane. The used linear calibration
curve to determinate squalene concentration was comprised between 0 and 500 pM.
Concentrations of internal standards were 932 and 72 uM for 5a-cholestane and

squalane, respectively.
Histological analyses

A sample of liver from each animal was stored in neutral formaldehyde and embedded
in paraffin wax. Sections (4 um) were stained with hematoxylin and eosin and
observed using a Nikon microscope. A slide scanner Zeiss AsioScan.Z1 (Zeiss,
Oberkochen, Germany) was used to record all preparations. Hepatic fat content was
evaluated by quantifying the extent of lipid droplets in each liver section with Adobe

Photoshop 7.0 and expressed as percentage of total liver section [8].
Hepatic lipid analyses

Hepatic lipids were extracted from approximately 10 mg of liver. The tissue was
homogenized in 1 ml of PBS. The homogenate was twice extracted with 2 mL of
chloroform: methanol (2:1). The separated organic phases of each animal were
combined and evaporated under N; stream. Extracts were dissolved in 100 uL of
isopropanol to estimate cholesterol and triglyceride concentrations using commercial

kits from ThermoFisher Scientific (Waltham, MA, USA) [15].

Statistical analyses



Results are expressed as median and interquartile range. Comparisons were made
using the Mann-Whitney U test. Correlations between variables were sought using the
Spearman’s correlation test. All calculations were performed using SPSS version 15.0

software (SPSS Inc, Chicago, IL, USA). Significance was set at P< 0.05.



Results.

Histological analyses and chemical composition of the rabbit and mouse liver.

Figure 2A shows hepatic features of livers of control and squalene supplemented
rabbits. In Figure 2B is displayed the amount of fat expressed as percentage of surface
which was close to 5%. No significant differences were observed by the administration
of squalene. Likewise, no changes were found for hepatic triglyceride (Figure 2C) and
cholesterol (Figure 2D) contents. However, a significant increase in squalene content in
those rabbits supplemented with this compound as 0.5% in their diet was observed

(Figure 2E).

In Figure 2F two representative micrographs of control and squalene-supplemented
APOE-KO mice are shown. As reflected the data of Figure 2G, fat extension in the liver
of these mice represented a higher amount (25%) when compared to rabbits (Figure
2B), with no significant difference between control and treated mice. In agreement
with this, hepatic triglycerides (Figure 2H) did not experience any significant change.
Squalene administration increased significantly the hepatic cholesterol levels (Figure
21) and squalene content (Figure 2J). The amount of squalene observed in this model

was twice the amount present in rabbits receiving the same food content.

Hepatic subcellular distribution of squalene in function of treatment.

In figure 3, the main organelles experiencing changes by the administration of
squalene have been represented. A differential pattern was observed according to the
model studied. In this regard, treated rabbits accumulated it in the cytosolic, nuclear
and plasma membrane, and rough endoplasmic reticulum fractions (Figure 3A).
Interestingly, mice, with a higher degree of basal steatosis as above mentioned,
showed a preferential increase in lipid droplets, nuclear and plasma membrane, and

smooth reticulum fractions (Figure 3B).
Associations among hepatic parameters

To gain insight into the meaning of observed changes, a correlation analysis was
carried out among different parameters. As shown in Figure 4 A and C, squalene

content was directly associated with hepatic cholesterol content in both studied
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models. Equally associated was found the content of triglycerides and fat assayed by

the morphometric procedure in mice (Figure 4 B).
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Discussion.

The present work has characterized in depth the distribution of squalene in subcellular
fractions thanks to an optimization of its assay and using the combined analytical
power of gas chromatography and mass spectrometry. Both animal models
accumulated squalene in the liver being more sensitive the mouse model. Equally,
there was a differential distribution in both models in terms of preferential distribution

in endoplasmic reticulum and cytosolic compartments.

Our data using two animal models show clearly that exogenous administration of
squalene in vivo increases the reservoir in the liver independently of studied model in
agreement with classical studies [13]. Besides, the differences in accumulation may be
due to experimental settings such as dietary fat percentage in used diets or the
models. When we administered squalene in low fat diet to APOE-KO mice, we
observed low levels of hepatic squalene [8]. Based on the latter data, it seems
plausible that dietary fat content is crucial to facilitate intestinal squalene absorption.
Nevertheless, it cannot be rejected the potential role of hepatic adaptation to engorge
more squalene when large lipid droplets are present, such is the case of a more severe

steatotic liver developed by APOE-KO mice fed Western diet.

The present experiments were designed to reduce the dose of (1 g/kg) squalene
previously used [8] in an attempt to reach the moderate dietary intakes reported
using virgin olive [21]. It was selected the 0.5 mg/kg because the 0.25 mg/kg dose
was not particularly effective in many plasma parameters [5]. However, squalene
administration failed to decrease hepatic triglyceride content at the 0.5 mg/kg dose,

suggesting that squalene dose seems to be critical regarding this effect.

The distribution of squalene among cytosolic and reticulum in both models is
confirmatory for the liver of results observed by Tilvis et al [27] in adipocytes.
However, a profound analytical development has unveiled a new source (nuclei and
plasma membranes) with important consequences regarding transcriptional changes

induced by squalene action [19,20]. This nuclear location could also be the responsible
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for the protection of DNA damage reported in MCF10A human mammary epithelial
cells [30]. Equally remarkable is the differential accumulation in potential small vesicles
isolated from cytosol for rabbits or the large lipid droplet isolated at lower centrifugal
force for mice. This fact may be related to the higher amount of squalene in the latter
model and it would have required an expansion of lipid droplets in terms of
phospholipids and proteins [26]. In yeast, it has been proposed that squalene is
lipotoxic if not adequately sequestered in lipid droplets [29]. Surprisingly, it seems
that the liver can handle it with ease due to the low toxicity observed in sharks, which

accumulate [21].

New unsuspected information gained through meticulous analyses of reticulum adds a
complexity that could be species-specific. No much is known for proteins carrying
squalene in the aqueous cell environment. In this regard, supernatant protein factor
has been proposed as a candidate [2] but how its mechanism of action is not well
known. Selective accumulation of squalene in specific domains of reticulum and the
positive association with cholesterol content observed in our models (Figure 4) are
suggestive of different location of squalene epoxidase, the enzyme using squalene as
substrate. Besides, considering the ability of this compound to be intercalated into the
layer of membranes [9] is may just merely represent the existence of these specific

domains able to accrue it.

In conclusion, the present results provide a suggestive framework to further advance
in the knowledge of protective action of squalene in the liver by opening unsuspected
locations of squalene in nuclei and the cellular dynamics of squalene between
vesicles/lipid droplets and endoplasmic reticulum. These facts warrant further

research to unveil them.

12



Acknowledgments

This research was supported by grants from the Spanish Ministerio de Economia y
Competitividad, Agencia Estatal de Investigacion—European Regional Development
Fund (SAF2013-41651-R and SAF2016-75441-R) and the European Social Fund—
Gobierno de Aragdn (B-69). CIBER Fisiopatologia de la Obesidad y Nutricion
(CIBEROBN, CB06/03/1012) is an initiative of ISCIII.

Conflicts of interest: The authors declare no conflict of interest.

13



References

1. Buddhan S, Sivakumar R, Dhandapani N, Ganesan B, Anandan R (2007) Protective

N

w

D

effect of dietary squalene supplementation on mitochondrial function in liver
of aged rats. Prostaglandins Leukot Essent Fatty Acids 76:349-355.
doi:10.1016/j.plefa.2007.05.001

. Christen M, Marcaida MJ, Lamprakis C, Aeschimann W, Vaithilingam J, Schneider P,

Hilbert M, Schneider G, Cascella M, Stocker A (2015) Structural insights on
cholesterol endosynthesis: Binding of squalene and 2,3-oxidosqualene to
supernatant protein factor. J Struct Biol 190:261-270.
doi:10.1016/j.jsb.2015.05.001

. Daugherty A, Tall AR, Daemen M, Falk E, Fisher EA, Garcia-Cardena G, Lusis AJ,

Owens AP, 3rd, Rosenfeld ME, Virmani R (2017) Recommendation on Design,
Execution, and Reporting of Animal Atherosclerosis Studies: A Scientific
Statement From the American Heart Association. Arterioscler Thromb Vasc Biol

37:e131-e157. doi: 10.1161/ATV.0000000000000062

. Drew L (2017) Fighting the fatty liver. Nature 550:5102-5103. doi:10.1038/5505102a

. Gabas-Rivera C, Barranquero C, Martinez-Beamonte R, Navarro MA, Surra JC, Osada

J (2014) Dietary squalene increases high density lipoprotein-cholesterol and
paraoxonase 1 and decreases oxidative stress in mice. PLoS One 9:e104224.

doi:10.1371/journal.pone.0104224

. Gaforio JJ, Sanchez-Quesada C, Lopez-Biedma A, Ramirez-Tortosa MC, Warleta F

(2015) Molecular Aspects of Squalene and Implications for Olive Oil and the
Mediterranean Diet. In: Preedy VR, Watson RR (eds) The Mediterranean Diet.

An Evidence-Based Approach. Elsevier, San Francisco, pp 281-290

. Granados-Principal S, Quiles JL, Ramirez-Tortosa CL, Ochoa-Herrera J, Perez-Lopez P,

Pulido-Moran M, Ramirez-Tortosa MC (2012) Squalene ameliorates
atherosclerotic lesions through the reduction of CD36 scavenger receptor
expression in  macrophages. Mol Nutr Food Res 56:733-740.
doi:10.1002/mnfr.201100703

14



Guillen N, Acin S, Navarro MA, Perona JS, Arbones-Mainar JM, Arnal C, Sarria AJ,
Surra JC, Carnicer R, Orman |, Segovia JC, Ruiz-Gutierrez V, Osada J (2008)
Squalene in a sex-dependent manner modulates atherosclerotic lesion which
correlates with hepatic fat content in apoE-knockout male mice.

Atherosclerosis 197:72-83. doi:10.1016/j.atherosclerosis.2007.08.008

9. Hauss T, Dante S, Dencher NA, Haines TH (2002) Squalane is in the midplane of the

10.

11.

12.

13.

14.

15.

16.

lipid bilayer: implications for its function as a proton permeability barrier.

Biochim Biophys Acta 1556:149-154. doi:S0005272802003468 [pii]

Hoang TM, Nguyen CH, Le TT, Hoang TH, Ngo TH, Hoang TL, Dang DH (2016)
Squalene isolated from Schizochytrium mangrovei is a peroxisome proliferator-
activated receptor-alpha agonist that regulates lipid metabolism in HepG2 cells.

Biotechnol Lett 38:1065-1071. d0i:10.1007/s10529-016-2071-x

Hubbard AL, Wall DA, Ma A (1983) Isolation of rat hepatocyte plasma membranes.

l. Presence of the three major domains. J Cell Biol 96:217-229

Koo SH (2013) Nonalcoholic fatty liver disease: molecular mechanisms for the
hepatic steatosis. Clin Mol Hepatol 19:210-215.
d0i:10.3350/cmh.2013.19.3.210

Kritchevsky D, Moyer AW, Tesar WC, Logan JB, Brown RA, Richmond G (1954)

Squalene feeding in experimental atherosclerosis. Circ Res 2:340-343

Lou-Bonafonte JM, Arnal C, Osada J (2011) New genes involved in hepatic steatosis.

Curr Opin Lipidol 22:159-164. doi:10.1097/MOL.0b013e3283462288

Martinez-Beamonte R, Navarro MA, Guillen N, Acin S, Arnal C, Guzman MA, Osada J
(2011) Postprandial transcriptome associated with virgin olive oil intake in rat

liver. Front Biosci (Elite Ed) 3:11-21. doi:215 [pii]

Murakoshi M, Nishino H, Tokuda H, Iwashima A, Okuzumi J, Kitano H, Iwasaki R
(1992) Inhibition by squalene of the tumor-promoting activity of 12-O-
tetradecanoylphorbol-13-acetate in mouse-skin carcinogenesis. Int J Cancer

52:950-952

15



17

18

19

20

21

22

23

24.

25

. Naziri E, Tsimidou MZ (2012) Formulated squalene for food related applications.

Recent Pat Food Nutr Agric 5:83-104. doi:PFNA-EPUB-20121224-2 [pii]

. Ohkuma T, Otagiri K, Tanaka S, Ikekawa T (1983) Intensification of host's immunity

by squalene in sarcoma 180 bearing ICR mice. J] Pharmacobiodyn 6:148-151

. Ramirez-Torres A, Barcelo-Batllori S, Fernandez-Vizarra E, Navarro MA, Arnal C,

Guillen N, Acin S, Osada J (2012) Proteomics and gene expression analyses of
mitochondria from squalene-treated apoE-deficient mice identify short-chain
specific acyl-CoA dehydrogenase changes associated with fatty liver

amelioration. J Proteomics 75:2563-2575. doi:10.1016/j.jprot.2012.02.025

. Ramirez-Torres A, Barcelo-Batllori S, Martinez-Beamonte R, Navarro MA, Surra JC,

Arnal C, Guillen N, Acin S, Osada J (2012) Proteomics and gene expression
analyses of squalene-supplemented mice identify microsomal thioredoxin
domain-containing protein 5 changes associated with hepatic steatosis. J

Proteomics 77:27-39. doi:10.1016/j.jprot.2012.07.001

. Ramirez-Torres A, Gabas C, Barranquero C, Martinez-Beamonte R (2011) Squalene:

Current Knowledge and Potential Therapeutical Uses. Nova Publishers New

York

. Rao CV, Newmark HL, Reddy BS (1998) Chemopreventive effect of squalene on

colon cancer. Carcinogenesis 19:287-290

. Sanchez-Fidalgo S, Villegas |, Rosillo MA, Aparicio-Soto M, de la Lastra CA (2015)

Dietary squalene supplementation improves DSS-induced acute colitis by
downregulating p38 MAPK and NFkB signaling pathways. Mol Nutr Food Res
59:284-292. doi:10.1002/mnfr.201400518

Smith TJ, Yang GY, Seril DN, Liao J, Kim S (1998) Inhibition of 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanone-induced lung tumorigenesis by

dietary olive oil and squalene. Carcinogenesis 19:703-706

.Song Y, HaoY,SunA,LiT,LW,Guol, YanY, Geng C, Chen N, Zhong F, Wei H, Jiang

Y, He F (2006) Sample preparation project for the subcellular proteome of

mouse liver. Proteomics 6:5269-5277. doi:10.1002/pmic.200500893
16



26. Thiam AR, Farese Jr RV, Walther TC (2013) The biophysics and cell biology of lipid
droplets.  Nature Reviews Molecular Cell Biology 14:775-786.
doi:10.1038/nrm3699

27. Tilvis R, Kovanen PT, Miettinen TA (1982) Metabolism of squalene in human fat

cells. Demonstration of a two-pool system. J Biol Chem 257:10300-10305

28. Tilvis R, Miettinen TA (1980) Squalene, methyl sterol, and cholesterol levels in
human organs. Postmortem analysis of their distributions. Arch Pathol Lab Med

104:35-40

29. Valachovic M, Garaiova M, Holic R, Hapala | (2016) Squalene is lipotoxic to yeast
cells defective in lipid droplet biogenesis. Biochem Biophys Res Commun

469:1123-1128. doi:10.1016/j.bbrc.2015.12.050

30. Warleta F, Campos M, Allouche Y, Sanchez-Quesada C, Ruiz-Mora J, Beltran G,
Gaforio JJ (2010) Squalene protects against oxidative DNA damage in MCF10A
human mammary epithelial cells but not in MCF7 and MDA-MB-231 human
breast cancer cells. Food Chem Toxicol 48:1092-1100.
doi:10.1016/j.fct.2010.01.031

17



Figure 1.

fractions.

Figure 2.

Figure 3.

Figure 4.

Flow chart displaying steps required to isolate different subcellular

Histological analyses and chemical composition of the liver. A and F,
Representative micrographs, bar denotes 20 um; B and G, hepatic fat
expressed as percentage of surface; C and H, hepatic triglycerides mg/ g; D
and |, hepatic cholesterol mg/ g and E and J, ug of squalene/ g. Results are
shown as median and interquartile ranges of n=6 for each rabbit group,
and n=10 and n=9 for mouse control and squalene groups. Statistical
analysis was carried out by Mann-Whitney U —test. *, P<0.05 and **,

P<0.01.

Subcellular distribution of squalene in function of treatment. A, rabbit
and B, mouse. Results are shown as average of three analytical
determinations of the pooled samples of n=6 for each rabbit group, and

n=10 and n=9 for mouse control and squalene groups.

Significant associations among hepatic parameters. A, relationship
between squalene and cholesterol contents in rabbits. B, relationship
between triglyceride and morphometric analysis of lipid content in mice. C,

relationship between squalene and cholesterol contents in mice.
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Fig. 2
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Fig. 3

=
Lo
=
=
2
Y]
=
[3¢]

ME squalene [/ g

a
Cyfosaol Hudiei snd plasms rER sER
MmETirane

B =
]
S
TR
=
E 4q
o -
5 =
o
e z
g : ’_l
g
Cyhozol Lipid croplst Mudiei =nd rER 2ER
plasrma

rrembrans



Fig. 4
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