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Exogenous
CHOLESTEROL SOURCES ahsoprtion
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Diet
Cholesterol Hep. Cholesterol

Int. Cholesterol Synthesis
Synthesis

Cholesterol

Absorption process to Blood

Cholesterol

Y >
Excretion process : . from Blood
Excreted Intestine Hepatic
Cholesterol A Cholesterol Cholesterol
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Hepatic bilé\
salt synthesis]

7/

Hepatic
bile salts

Reversible Bile
Transport

N
Excreted Intestine
Bile Salts bile salts

Regulated by genes involved in...
.cholesterol metabolism pathways
-.llflammatory metaholism response
-.thyroid metabolism ------------ High LDL levels are associated with hypothyroidism

Source: D0I-10.1039(CARR0939TF
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LDL=low density lipoproteins

Thyroid hormones LDLR=low density linoproteins receptor

LDL particle\\gﬁ LDL Receptor
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- Upregulate LDLR mRNA, the trasncript of LDL receptor?
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27 reticulum
Nucleus
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- T3 (triiodothyroine) is a potent mediator of APOA1 gene
expression
Hypothyroidism -—--lower plasma APOA1 levels?
Hyperthyroidism---higher plasma APOA1levels? "

phospholipids

Source: http://www.doctormelgar.com/
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Organs involved in thyroid system
and function control

Outer Ring Inner Ring
hypothalamus | ; - DiOl gene
k A encodes to “l
pituitary - I MH:
B E—— D1
0
th\,rroid T3 2 T4 H
Source: http://bloomingtonthyroidproblemsandhealth.com/
D1- a selenoprotein named type 1iodothyronine deiodinase
Dio7 mRNA expression
‘ ...‘ £ - 3 v _‘r“_
o @ liver, kidney, thyroid, ¥ .. [liver, kidney and
‘R pituitary gland, or ' * intestine
. intestine
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-, “Igh _Iat Higher thyroid activity
e

: Higher levels of > Upregulation of Lower TC, TG and

T3and T4 LDLR mRNA = LDL levels?2
> - : Higher enzymatic
Higher Zio7 mRNAliver <«—> i
expression actvity
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conditions
i Se-fortified
Cultivation nushrooms3
;i'::ssl;:::sm - No changes in cholesterol-related yene expression
: paterns in comparison with non-fortified mushrooms
selenite
=2> . Nomodifications in selenoproteins expression of Se-
_ fortified samples related to control
amic Si) g b, 2.Han H er a/Biol Trace Elem Res, 2012.
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extracts
Mushroom :
extracts Modulation of
cholesterol-
related gene
N 5 expression
High-fat diet D
Dio1 gene
expression
I Thyroid
metaholism
regulation
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Biological material and extracts preparation

> polysaccharides
Eritadenine
4 > fraction
o Supercritical fluids Sterols enriched
Hot water extraction - },.U 3) > fraction
. B-Glucans o _p T.)

______~ enriched fraction P S,
Ethanol precipitation o o e <

| M > sterols
Food product preparation
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C57BL/6IR] mice DIETS
? v:,':: _ . Standard IND)—Safe Rodent diet A04

« High-cholesterol diet (HCD)-—-cholesterol and cholic acid
- HCD+lard (HCDL)
« HCD +extracts
- HCD + functionalized lard (extracts + lard )
- [Ezetimibe and simvastatin--—-drue certrols

FEEDING EXPERIMENTS
EXPERIMENT 1 EXPERIMENT 3
ND (control) HCD control
@ o
ND + PE
P ° EXPERIMENT 2 HCD + L/ PEL/BEL/SEL/BSPEL
HCD
® ®  Hbe control HDC control dweeks
4weeks ® ® © ®
HDC HDC + PE/BE/SE/SBE
® -0
4weeks 4weeks
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Biochemical analysis

Liver, jejunum, ileum and cecum
Real-time PCR
sl“red at '80““ Amplification Curves

RNA extraction o

Fluorescence (530)
I
o

1234567 5 9101112131415161718132021 22232425 263725 23091 3239 34353537 33240 41 4243 44 4545 47 494350
Cycles

ACGGOUATAC CGOUAGCCTAAGCAARRAAR

TTTTTTT primerﬂ
TTTTITT

ACGCCUATACCGCTAGCCTAACT
dATP. dCTR
[EWENTE = .
tramzoniptage ? d&TP. dCTF

TECCGATATGGCGATCGEATTCGTTTTITT
AL GO AT AL C A GO O AACCALA ALLE

Gox3 and Jio7 mRNA
expression
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EXPERIMENT 1
ND (control)
ND +PE
@
- - _ HCD
Relative mRNA expression of Z/o7yene ® e
WEeKs
effecsfor PEextracts | -0 | 7 7 %
o Z 3
and high-cholesterol | _ .1 - %
£ &
diet =15 - %
=)
- 2 é IP1.3 extract .
, ® High-cholesterol diet (4 weeks)
2.5 1 , 7 High-cholesterol diet (8 weeks)
3
Liver Jejunum Ileum Cecum
Significant values compared with normocholesterolemic standard diet as control
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Inhibition of normal thyroid metaholism: 4
‘r:!{ Hypothalamus
.. TRH
lessTA — T3 :
———s T4
Effects T{Q‘TSH Pituitary
I T4 75
L S Target lissue.s.' Thoid
Similar effect than hypothyroidism state . T4 !
\I/
v T3 ———— T3 94 Liver

Higher cholesterol serum levels

Induction of hyperchoplesterolemic

condition? ’ Hynercholesterolemic effect

_ PE<HCD
Post-transcriptional hypocholesterolemic effect of PE extracts leads a compensatory mechanism @ ?//@-
modulating some gene expressions L#mgcr, Faft1 or Apok) N
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EXPERIMENT 2
HDC HDC
® N
) , , HOC HDC + PE/BE/SE/SBE
Relative mRNA expression of Z/io7gene ® X
Aweeks Aweeks
0.8 m PE extract
0.6 BE extract
0.4 E8E extract
o 02 mERG
&
% . X X I PE extract
(=B | L =
Y I x Hypercholesterolemic mice
-0.6 | e
0.8 Normocholesterolemic mice
-1
Liver Jejunum Ileum Cecum

Significant values compared with hypercholesterolemic HCD as control

Water-soluble
polysaccharides

lleal gene regulation (cholesterol-related and Zio7 genes) direct the effect
of BE to a hypercholesterolemic state but... on contrary, blood TC, TG and LDL
levels decreased

SBE extract
No modulatory effect on ileal Zio7

Influence of other
metabolic pathways

 BE~PE
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Relative mRNA expression of Z/o7 gene

5 EXPERIMENT 2
) m PE extract HDe HDE
0.6 BE extract . . .
0.4 SSE extract HDe HDC + PE/BE/SE/SBE
' ERG ® ®0
S 0.2 - 4weeks 4weeks
= 0
g .02
|
0.4
0.6
0.8
-1
Liver Jejunum Ileum Cecum
Significant values compared with hypercholesterolemic HCD as control
e SE extract
Prev. resuits: =
LDLR mRNA expression DioTresults:
Intestinal Jejunum gene expression
Caco2 . ]
e modulation SE concentration-
Liver ‘1’ gene expression
\ HenG2 No ergosterol influence tependent
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Normocholesterolemic mice with unhealthy eating habits related to GUD?

Relative mRNA expression of Z/o7gene

EXPERIMENT 3
HCD control

HCD + L/ PEL/BEL/SEL/BSPEL

4 weeks
0 —
~
-0.5 %
7=
-
o -1 % No significant differences on Zio7 gene
_ 7= .
g -15 % modulation by extracts and HCDL
& 2 _
= ~
g % Lard influence on
2.5 %
3 === mHCDL 2 BEL 0SEL 8PEL 0 BSPEL RAECH Bea A
3.5
Liver Jejunum Cecum e
No synergistic effects
Significant values compared with normocholesterolemic HCD as control
Hypocholesterolemic effect
All extracts are + All supplemented food reduced serum at post-transcriptional
able to decrease Z/o7gene expression in cholesterol levels levels
liver, jejunum and cecum
oMl ;-:V/, B 3
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PE and BE extracts SE extracts
Down-regulate Zio7gene expression in several tissues Up-regulate Z/o7gene expression in several tissues

Q I

Both influence expression of Z/s7 (thyroid metaholism)

\

They should he taken into consideration when designing hypocholesterolemic functional foods
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