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MAKALE BILGILERI OZET

Makale gegmigi: Fitosteroller bitkilerin hiicre duvarlarimin tipik bilegenleridir. Bitkisel gidalarla birlikte alindiklarinda, kolesterol ile yapisal benzerlikleri
Alindi; 10 Kasim 2009 nedeniyle bagirsaktan kolesterol emilimini azalurlar, Son yillarda, saflagunlmig bitki sterolleri veya stanolleri, kayda deger
Revize haliyle alindr: hipokolesterolemik aktiviteye sahip fonksiyonel gidalar elde etmek igin gesitli gida maddelerine eklenmistir. Bu gidalara eklenen giinlik
31 Aralik 2009 1,6-2 g/giin bitki sterolii veya stanol alimi, bagirsaktan kolesterol emilimini yaklagik %30 ve plazma LDL kolesterol seviyelerini %8-10
Kabul edildi: 5 Ocak 2010 oraninda azaltabilmektedir, Bitki sterollerinin veya stanollerinin plazma LDL kolesterolii iizerindeki etkisi statinlerinkine eklendiginden,

plazma LDL kolesterol seviyelerinde belirgin bir diigiige ihtiya¢ duyan hastalarda birincisi, ikincisinin hipokolesterolemik etkisini artirmak

Anahtar Kelimeler:

icin kullanulabilir. Fitosteroller, giinde 3 g'a kadar, giivenli ve etkili kolesterol diigliriici ajanlardir.
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1. Giris

Fitosterollerin (bitki sterolleri ve stanolleri, PS) hipokolesterolemik etkileri, 2

Plazma lipid profilinin  farmakolojik olmayan  kontrolii, gesitli hafta boyunca 5-10 g/glin PS ile takviye edilen 26 saglikli denegin plazma kolesterol
ajanlar/besinler/nutrasotikler /fonksiyonel gidalar kullanilarak aktif bir sekilde seviyelerinde yaklasik %27'lik bir disiisiin gozlemlendigi 1950 yili civarindan beri
aragtinlmaktadir [1-3]. Bu tir ajanlar arasinda fitosteroller yaygin olarak bilinmektedir. Daha sonraki ¢aligmalar, 3-5 hafta boyunca alinan yiiksek doz PS'nin
kullanilmaktadir ve gegitli gida maddeleri ve takviyelerinin bir pargasidir. (10 g/giin tizerinde) kan kolesterol seviyelerini ortalama 9%20've kadar

diistirebildigini géstermistir [4].
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Sonug olarak, kan Kolesteroliinii diigiirmek i¢in onerilen PS dozlari 70'lerin
sonlarina kadar 9 ila 30 g/giin arasinda defismekteydi. {lk PS preparatlari hem
bilesim hem de kaynak agisindan olduk¢a heterojendi, ancak hepsinin etkili ve
gilivenli oldugu goriliyordu. Farmakolojik uygulamalari, o zamanlar, esas olarak
yiksek  safliktaki  bilesiklerin  yilksek  maliyeti nedeniyle  ciddi
hiperkolesterolemilerle sinirhiyds.

Atalann diyetindeki bilytik PS miktarlarinin hesaplanmas, dzellikle modern
diyetlerde bu bilesiklerin diigiik alimini diizeltmek amaciyla insan saghgindaki
rolleri Gizerine aragtirmalar tegvik etmistir. Bu nedenle, PS dogal gida bilegenleri
olmaktan gikip ilag ve takviye olarak formile edilmeye veya geleneksel gidalara
dahil edilmeye baglanmigtr. 1k olarak, cogunlukla margarinler olmak fizere lipit
bazli (riinlere dahil edilmiglerdir. Daha sonra, gida teknolojilerindeki ilerleme,
¢bziinirliklerinin gelistirilmesine ve meyve suyu, dondurma, firinda pismis tiriinler
gibi farkli gida tiriinlerine dahil edilmelerine olanak saglamistir. [5].

2. Biyokimya

Hem yapisal hem de biyosentetik olarak iliskili olduklan kolesterol gibi, PS de
tetrasiklik bir halka ve 17 numarali karbona bagh bir yan zincir ile triterpenler
ailesine aittir, A5 pozisyonunda bir ¢ift bagin varligina veya yokluguna gore
steroller ve stanoller olarak smiflandirilabilirler. PS serbest veya esterlesmis
formlarda bulunur: serbest steroller hiicre duvarimin bir pargasini olusturur ve
burada énemli yapisal iglevler gariirler, sterol esterleri ise hiicre igindeki depolama
driinlerini temsil eder [6] (Sekil 1).

Bugline kadar 250'den fazla farkli PS molekiili tanimlanmigtir; B-sitosterol
bunlar arasinda en bol bulunanidir. Sitosterol ve kolesterol arasindaki tek yapisal
fark, sitosterolde C-24 pozisyonunda bulunan ve muhtemelen zayif emiliminden
sorumlu olan ek bir etil grubundan olusur. Kampesterol, stigmasterol ve
dihidrobrassikasterol gibi diger bitki sterclleri bitkisel gidalarda ¢ok daha diisiik
konsantrasyonlarda bulunur; doymus tiirevler kampestanol ve sitostanol bitkilerde
neredeyse ihmal edilebilir miktarlarda bulunur [7]. Buna karsilik, en yaygin diyet
PS'leri, toplam diyet aliminin yaklasik %98'ine katkida bulunan sitosterol,
kampesterol ve stigmasteroldiir,

3. Besinsel kaynaklar: ve alim:

Baslica PS kaynaklar: bitkisel yaglar, kabuklu yemisler, tahillar ve tahil tiirevi
tirtinlerdir; ayrica filizler, lahanalar, karnabaharlar, yesil ve siyah zeytinler bitki
sterolleri ve stanolleri igerir (Tablo 1). Bitkisel olmayan gidalar arasinda yumurta
sarisy, memeli karacigeri ve kabuklular Bati diyetlerinde dénemli PS kaynaklarini
temsil etmektedir, Cevizde PS, toplam lipit fraksiyonunun %0,1-0,2’sini temsil eder;
toplam PS'nin yaklasik %87’si sitosterol ile temsil edilir. Macadamia cevizi, gram
lipit bagina yaklasik 1,3 mg PS icerir [8].

Ticari iirtinlere dahil edilmek tizere kullanilan baslica bitki sterol kaynaklari,
%80'e kadar B-sitosterol iceren tall yag1 ve soya fasulyesi yagl Gretiminin yan
triinleridir. Hem steroller hem de stanoller siklikla esterlegtirilmis formlarda, yag
asidi esterleri olarak kullanilir: bu, ¢éziiniirliklerini artirir ve lipit bazli gidalara
katilmalarina izin verir [7].

Diinya genelinde bitkisel gidalarm titketimindeki biiyiik farkliliklar nedeniyle,
PS'nin diyetle alimi Ingiltere’de 167 mg/giin (gogunlukla bitkisel yaglardan) ile
Japonya'da 375 mg/glin arasinda degigmektedir [9]. Bununla birlikte, Batili niifus
gruplar1 arasinda da biiylk farkhliklar gostermekte olup vejetaryenlerde belirgin
sekilde daha yliksektir (+%50). EPIC ¢alismasimin (European Prospective
Investigation into Cancer) 22.256 denek fizerinde gergeklestirilen genis
drnekleminde, PS alim1 463 mg/giin (en yliksek beste birlik dilim) ile 178 mg/giin
(en diistik beste birlik dilim) arasinda degismektedir [10,11], Bitki stanollerinin
beslenmeyle alim: ¢ok daha diisiik olup, yaklasik 50 mg/giin civarindadir [10].
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$ekil 1. Sitosterol ve sitostanoliin yapilar.

PS insanlar tarafindan endojen olarak sentezlenemediginden, dolasimdaki
seviyeleri yalnizca diyete ve emilim etkinligine baghdir. Miettinen ve arkadaslan
[12] dolagimdaki kampesterol ve sitosterol konsantrasyonu ile alinan diyet PS
miktar arasinda ve ayrica diyet yaginin ¢oklu doymarms/doymus yag asidi orani ile
plazma ve diyet lipitlerinin linoleik asit igerikleri arasinda pozitif bir korelasyon
bulmuglardir. Tiiketilen bitkisel gidalarin tiiriine ve miktarina bagh olarak, PS
tiiketimi ve dolayisiyla PS kan seviyeleri popiilasyonlar iginde ve arasinda biiyik
farkhiliklar gosterebilir.

Miidahale galigmalarindan elde edilen sonuglar, takviye seklinde daha yiiksek PS
alimimin  dolagimdaki PS seviyelerini artirdifini, bitki stanol takviyesinin ise
azalttigim gostermektedir [9].

Bireyler arasi degiskenlik fitosterollerin emilimini etkiler: PS'nin emilim
yolunun, etkinligi ApoE polimorfizmlerinden etkilenen kolesteroliinkine benzer
oldugu bilinmektedir. Bu nedenle, farkli popiilasyonlardaki ¢alismalardan elde
edilen veriler tutarsiz ve heniiz kesin olmasa bile, farkli ApoE fenotipleri PS'nin
plazma konsantrasyonlarini degistirebilir. Bununla birlikte, ApoE fenotipinin, farkh
popiilasyon gruplari iginde ve arasinda PS konsantrasyonlarindaki varyasyonlarin
neden var oldugunu agiklamada bir rol oynamas: muhtemeldir [13].
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Tablo 1 4. Metabolizma
Baz bitkisel gidalardaki ortalama sterol ve stanol igerigi (mg/100 g).

Gida Toplam fitosteroller (mg,/100 g)* 4.1. Emilim

Yeglorve katyaglar Gegen ylizyilin baginda yapilan ilk ¢alismalar, PS'nin insanlar tarafindan dnemli

Bugday tohumu yag! 919 dlgiide emilmedigini gdstermistir. Daha yakin zamanlarda, déteryum etiketli PS'nin
Mizmryas 93 insan deneklere uygulanmasy, gesitli bilegenlerin oldukga diigiik, ancak farkli emilim
Kolza yagr Y oranlarimin degerlendirilmesine olanak saglamigtir. Bu oranlar sitosterol ve
Aysloek yag st kampesterol igin sirasiyla yaklagik %0,5 ila %1,9 arasinda degismektedir; kargilik
?{:ﬁf;;l);;yagl z;g gelen doymus PS igin rakamlar yaklagik bir biyiiklik sirasina gore azalmaktadir
Dzt gekirdegi yag 215 (sitostanol igin %0,044 ve kampestanol igin %0,155) [7]. .
Margarin 217 (92-721) Heinemann ve arkadaglari [14] PS'nin bagirsaktan emilim oraninin yan zincir
Zeytinyagn 154 uzunlugu ile ters orantih oldugunu géstermistir: normal kogullar altinda, uzun yan
Palmiye yag 39 zincirli PS, kolesterol ile kargilagtirildiginda minimum diizeyde emilir.

Findilcve tohamlar Emilim sirasi hem kolesterol hem de PS igin benzerdir, Bu sterollerin her ikisi de

pankreatik ester hidroksilaz tarafindan esterlerin hidrolizinden sonra kargik

Susam.mhu,mlan o miseller icinde ¢dziiniir. Enterosite ya pasif difiizyonla ya da reseptor aracili bir
iiti:k:;e:‘ 232 siirecle niifuz eder. Kolesterol ve PS'nin varsayilan spesifik tagiyicisi, yakin zamanda
Badem 183 tanimlanan bir trans-membran tagima proteini olan NPC1L1'dir [15]. Gergekten de,
Pl 138 ezetimibe ile segici NPC1L1 blokaji hem kolesterol hem de PS emilimini yariya
Ceviz 127 indirmektedir [16].
Yer fistg 104 PS yan zinciri, adenozin trifosfat (ATP) baglayici kaset (ABC) tasiyicilart ABCGS

Tahullar ve ABCGS8'in aracilik ettifi sitosterol ve diger PS'lerin enterositten bagirsak

liimenine segici olarak salgilanmasindan sorumludur [7]. Son bulgular ABCGS ve
gﬁggg :::;gu 2?; ABCG8'In sterollerin biliyer sekresyonunda da rol oynadigini géstermektedir,
Karabugday unu 99 Mukoza iginde, PSmin bir kism: ACAT tarafindan yeniden esterlegtirilir.
Tam bugday ekmegi 86 Sterollerin ACAT tarafindan bagirsakta esterlestirilmesinin PS igin kolesterole gére
Cavdar unu 86 dnemli dlgtide daha az etkili oldugu bildirilmistir [17].
Tam bugday unu 70 Sonug olarak, insanlarda PS'nin plazma seviyeleri normalde kolesteroliin
Bugday 69 yaklagik %0,5'i kadardir, bu hem karacigerdeki yiiksek endojen kolesterol sentezini
Cavdar 69 hem de PS’nin ince bagirsak tarafindan daha az etkili emilimini yansitmaktadir, Bitki
Krakerler 67 stanollerinin plazmadaki konsantrasyonlari kolesteroliin sadece %0,05'i kadardir
Musli 63 [18].
Misir unu 52
amal ) 4.2. Dagilim ve atiim
Piring 30
B.u'gday e i Absorbe edilen PS, kolesterol gibi silomikronlar aracilifiyla karacigere tasinir.
ill:s:::'ggl;::eg‘l 22 Ancak deneysel modellerde, PS'nin yalmzca %12'si (emilen kolesteroliin %70-
Sistrilmis piring 20 80'ine kiyasla) silomikronlarda esterlesmis formda tasinir, Serbest PS bu
partikiillerde yiizey lipitleri olarak taginr.

Mayveler Karaciger tarafindan silomikron kalintilarindan alindiktan sonra PS, VLDL
Garkifelek nieyveler] 44 partikiillerinin bilesenleri olarak kana salgilanir. VLDL ve LDL'deki esterlesmis PS
portaiallar ag ve esterlesmis kolesterol yiizdesi esasen aynidir, HDL'nin ise LDL ve VLDL'ye kiyasla
i 22 daha yiiksek PS/kolesterol oranina sahip olmasi, PS'nin tercihen bu partikiiller
é:;r;]:;ar ig tarafindan tagindifina isaret etmektedir. HDL ile iligkili PS'nin segici olarak safraya
R 7 salgilandigt ve PS/kolesterol orammin safrada genellikle plazmadakinden daha
Mandalinalar 16 yiiksek oldugu gozlemleriyle birlikte, bu veriler HDL lipoproteinlerinin PS'nin
Seftali 15 viicuttan atilmasinda énemli bir rol oynadigim géstermektedir [19].

Elmalar 13 Hiicresel diizeyde, PS sitoplazmada depolanir veya hiicre zarina dahil edilir,
Armutlar 12 Bilinen biyolojik veya islevsel bir rolleri yoktur [17].

Kivi 9 Emilen PS’nin atilim: 6ncelikle safra yolu ile gergeklesirken, kiigiik bir kismi deri
Kavunlar 2 yoluyla atilir. Diigiik emilim ile birlikte, PS'nin atihmi hizhdir ve PS'nin endojen
Karpuzlar 1 havuz boyutunun kolesteroliinkinden daha kiigiik clmasindan sorumludur.

Sebzeler
Siyah zeytin 50
Briiksel lahanasi 43
Karnabaharlar 40
Brokoli 39
Yesil zeytin 35
Mantarlar 18
Kerevizler 17
Havuclar 16
Rezeneler 10
Sogan 8
Pirasa 8
Biber, yesil 7
Domates 5
Haglanmig patates 4

aSitosterol, kampesterol, stigmasterol, sitostanol ve kampestanoliin bir
toplamudir.
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PS'den safra asitleri biyosentezine iliskin veriler geliskilidir. Son kanitlar, yan
zincirlerini kaybettikten sonra farkl organlarda - kolesterol gibi - katabolize
olduklarini géstermektedir [17],

5. Hipokolesterolemik aktivite mekanizmalar:

Gida ile PS alimi bagirsak kolesterol emilimini azaltir ve sonugta plazma toplam
ve LDL kolesterol konsantrasyonlarinda bir azalmaya neden olur [19]. ilk
calismalar, bitki stanollerinin kolesterol emilimini azaltmada sterollerden daha
etkili oldugunu gostermistir, bu da daha biiyiik bir kolesterol diisiiriicii etkiye isaret
etmektedir [10]. Ancak daha yakin zamanlarda, tereyagi veya margarine katilan
bitki sterol ve stanol esterlerinin kolesterol emilimi ve dolayisiyla plazma kolesterol
seviyeleri Gizerindeki etkisinin kargilagtirilabilir oldugu gosterilmistir, ilging bir
sekilde, PS'nin HMG-CoA rediiktaz aktivitesini destekleme kapasitesi kolesterole
kiyasla daha distiktiir. Bu, PS'nin kolesterol diisiiriicii etkisinin endojen kolesterol
sentezinin baskilanmasini icermedigi bulgusuyla uyumludur,

Kolesterol emiliminde PS kaynakli azalmanin temel mekanizmalari agikliga
kavugturulmustur. Kisaca, PS bagirsak kanalindaki karisik misellere dahil olmak icin
kolesterol molekiilleriyle rekabet eder. Kolesterol ile birlikte kristalleserek
kolesteroliin fekal atiliminin artmasina neden olur.

Birkag calisma, PS'nin tek bir dozda veya 3 &giine béliinerek uygulanmasiyla
benzer etkilerin elde edilebilecegini gostermektedir; bu, giinliik alim modelinin
plazma kolesterol seviyeleri tizerindeki PS etkinligini etkilemedigini ve kolesteroliin
karisik misellere dahil edilmesinin azalmasinin, PS'nin 6giinlerle birlikte varsayilan
kolesterol  diigiiriici  etkisinden yalnizca kismen sorumlu olabilecegini
diigiindirmektedir. Plat ve Mensink, PS'nin enterositlere girdigini ve bdylece
bagirsak lipoprotein metabolizmasini etkiledigini 6ne siirmiistiir [19]. Kolesteroliin
aksine, PS sadece minimal diizeyde esterlesir ve silomikronlar yoluyla dolasima
dahil edilerek salgilanir.

Kolesterol ile karsilagtiridiginda, PS daha kolay hidrolize olur. Bu siireg,
kolesteroliin misellere daha az ¢oziinmesine yol agarak emilimini azaltir ve
dolayisiyla kolesterol ve metabolitlerinin fekal atilimim artirir.,

PS, enterositin apikal yiizeyinde bulunan ATP baglayici kaset tasiyicilari ABCG-5
ve ABCG-8'in yukari regiilasyonu yoluyla da kolesterol seviyelerini etkileyebilir.

6. PSalimi ve plazma kolesterol diizeyleri arasindaki iligki:
epidemiyolojik kanitlar ve klinik calismalar

PS'nin kan kolesteroli Uzerindeki etkisi insanlarda kapsamli olarak
incelenmigtir. Kuzey isvec ve Biyiik Britanya'da yapilan gézlemsel galigmalarda,
gida ile PS alimmin en st beste birlik dilimindeki serbest yasayan denekler, en
diigiik alim beste birlik dilimindeki deneklere kiyasla énemli dlgiide daha diisiik
plazma toplam ve LDL kolesteroliine sahiptir [11,20].

insanlarda PS kullanilarak yapilan randomize Klinik galismalarin ¢ogunda LDL
kolesterol seviyelerinde de 6nemli disigler elde edilmistir. Doz-etki iligkisi,
yaklagik 500 mg/gin’lik alimlarda 6nemli hipokolesterolemik etkiler géstermeye
baslar (bu da daha énce agiklanan epidemiyolojik kanitlarla uyumludur), Bu etki
500-2500 mg/giin aralifindaki glinliik alimlar igin artarken, daha yiiksek alimlar
icin LDL kolesterol seviyeleri tizerindeki etki dengeleniyor gibi gériinmektedir [21].

Yakin zamanda yapilan bir meta-analiz, yetiskinlerde dolagimdaki kolesterol
seviyeleri lizerinde 2 veya daha fazla hafta siiren miidahalelerin (PS'nin gida
matrislerine dahil edildigi) etkinligini test etmek igin yiriitiilen 59 segilmis
randomize plasebo kontrollii calismay: degerlendirmistir [22]. Yaklagik 4500 denek
tizerinde yapilan genel havuz tahmininde, calismalar arasinda gozlemlenen biiyiik
klintk ve metodolojik heterojenlife ragmen, LDL seviyeleri plasebo ile
karsilastinldiginda ortalama 0,31 mmol/L azalmigtir.
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yizde disislerinin tahminleri. Gésterilen glinlik doz araliklan (deneme kolu sayisi parantez icinde) 0,7-1,1 g (8), 1,5
1,9g(13),2,0-2,4g(14),2,5-2,9 g (5), 3,0-3,4 g (13) ve 4,0-4,2 g'dir (2). Katan ve arkadaglarindan uyarlanmigtir [21].

ATP Ill'e gore disiik ve yilksek olarak tamimlanan baslangig LDL kolesterol
konsantrasyonlarina gore deneklerin iki gruba ayrilmasi, optimal baslangig
seviyelerine sahip bireylerde daha fazla LDL azalmasinin meydana geldiginin
belirtilmesine olanak saglamistir. Bu sonuglar yakin zamanda 84 galigmay: analiz
eden ve “Daha yiiksek baslangig LDL-K konsantrasyonlarinin daha bilyiik mutlak
LDL-K azalmalariyla sonuclandii” sonucuna varan Demonty ve arkadaslar
tarafindan tartistlmigtir [23]. Katan ve arkadaglari [21] tarafindan yapilan daha
yakin tarihli bir galigmada, PS ile iligkili LDL kolesteroldeki plaseboya gore
ayarlanmig azalmanin yagla birlikte, muhtemelen baslangic seviyelerindeki
progresif artis nedeniyle arttif, ancak azalma yiizdesinin geng ve yash kisilerde
onemli dlglide farkli clmadig1 sonucuna varilmistir.

Abumweis [22] tarafindan yayinlanan bir metanalizin sonuclar, Katan
tarafindan daha 6nce gasterildigi gibi, 1,5 g ila 2,5 g/glin arasinda degisen dozlarda
PS'nin doz-yamt etkisini dogrulamaktadir ($ekil 2). Giinde 2,5 g'dan daha yiiksek
dozlarda ¢ok az ek etki kaydedilmistir. Bununla birlikte, 0,7-1,1 g/giin dozlan test
edilirken tahmin edilen %5-10"luk etki, daha yiiksek miktarlarda gézlenen etkinin
yaklasik yarisinin bu dozda elde edilebilecegini diisiindiirmektedir.

Kisa ve uzun vadeli calismalardan elde edilen veriler, PS'nin kolesterol digiiriicii
etkisinin birka¢ hafta iginde fark edilebilir oldugunu ve 1 yila kadar takviye
stiresince stabil kaldigini gostermektedir. Ozellikle, bitki sterollerinin 6 ay boyunca

1,5 ve 3 g/giin dozlarinda margarinlerle birlikte uygulanmas: hem toplam (— %8,9'a

karsi —%8,3) hem de LDL kolesterolde (—%11,3’e kars: %10,6) aym azalmaya
neden olmugtur [19]. Bununla birlikte, diizenli alimlarin kesilmesi PS’'nin etkilerini
durdurarak kolesterol konsantrasyonlarini bazal kosullara geri getirebilir.

Daha &nce de belirtildigi gibi, PS'nin hipokolesterolemik etkisi alim siklifi ve
zamanindan da etkilenebilir. Siklikla ilgili olarak, margarinlerde esterlestirilmis,
6gle yemeginde giinde bir kez titketilen veya ii¢ porsiyona béliinmils ayn1 PS alimi,
benzer LDL diigiiriici etkilerle sonuglanmigtir [24].

Yakin zamanda yapilan bir ¢alismada, PS'nin gida ile veya gidasiz alimi
karsilastinlmigtir.  Sonuglar, gida ile tiketimlerinin metabolik etkilerini
artirabilecegini géstermistir (agagiya bakiniz) [25].

Diyabetik hastalarda PS kullanimi da literatiiriin sistematik bir incelemesine
konu olmugtur [26]. Ele alinan 18 galigmadan, 3-12 hafta boyunca tedavi edilen 148
denegl iceren sterol takviyeli margarinler (n = 4) ve granola barlar (n = 1) ile yapilan
5 klinik galisma meta-analize dahil edilmigtir. Sonuglara gore, diyabet hastalarinin
1,6-3 g/glin bitki sterolleri/stanolleri ile takviye edilmesi, trigliserit seviyelerini
etkilemeksizin toplam ve LDL kolesterolii énemli dlgiide azaltmistir (sirasiyla

ortalama -10,3 mg/dL ve —12,2 mg/dL). HDL-kolesterol seviyeleri artma
egiliminde olmus, ancak bu etki istatistiksel olarak anlaml olmamustir, Bu
gozlemlerin daha biiyiik hasta gruplar: iizerinde daha uzun stireli klinik ¢alismalarla
dogrulanmas gerekse de, dzellikle LDL kolesteroldeki her %1’lik azalmanin tip 2
diyabetten etkilenenler gibi yiitksek kardiyovaskiiler risk alundaki bireyler igin KKH
goreceli riskinde %1'lik bir azalmaya kargilik geldigine dair endikasyon goz éniinde
bulunduruldugunda klinik énem tagimaktadir.
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7. Fitosteroller ve gidalar

PS'nin kolesterol diigiirmedeki etkinligi, agirlikl olarak normal veya diistik yagh
siirtilebilir iiriinlere dahil edilerek test edilmistir [27]. Hem bitki sterolleri hem de
stanoller az yagh siit ve yogurt, unlu mamuller, portakal suyu, tahil barlari, az yagh
ve yagsiz icecekler ve gikolataya entegre edilmigtir. Farkli gida bilesimlerinin PS'nin
hipokolesterolemik etkisi tizerindeki etkisi, ayn1 gida tasiyicisi ile yiritilen Klinik
¢alismalardan elde edilen verilerin biiyiik deZiskenliZi nedeniyle heniiz tam olarak
acikhiga kavusturulmamistir. Abumweis ve arkadaglari [22], PS'nin uygulanmas igin
kullanilan farkhi gida tagwyicilarimin yag icerigine ve fiziksel bicimine gore dikkate
alinan 59 ¢aligmay1 dort grupta simiflandirmigtir: yagh strilebilir triinler, mayonez
ve salata sosu, siit ve yogurt ve digerleri (cikolata, tahil barlar, icecekler, meyve
sular, et ve firinda pismis trinler dahil). Sirtilebilir gidalara, mayonez/salata
sosuna ve sit/yogurda katilmas), LDL kolesteroliin diisiriilmesinde diger gidalara
katilmasindan daha biiytik bir etkinlikle iligskilendirilmistir; bu da gida matrisinin
kolesterol digiiriici etkiyi etkilemedeki 6nemli rolinii ortaya koymaktadir.
Ozellikle, bitki stanol esterlerinin diisiik yagh siit ile birlikte kullaniminin ekmek ve
kahvaltilik tahillara kiyasla neredeyse iig kat daha etkili oldugu gésterilmistir [28].

8. Giivenlik

ABD Gida ve ilag Dairesi ve Avrupa Birligi Bilimsel Komitesi, fonksiyonel
gidalarda kullanimlarini onaylamadan énce ve onayladiktan sonra fitosterollerin,
fitostanollerin giivenligini kapsaml bir sekilde incelemistir.

8.1. Toksisite

ik toksisite galismasi, 1950’lerde kolesterol diigiirmek icin pazarlanan ve %65
ila 90 sitosterol igeren PS preparatlar ile yapilmistir, Biiyiik miktarlarda PS ile
beslenen sigan, tavsan ve képeklerde 2 yil boyunca biiyiime, serum proteinleri, kan
tre azotu, kaba ve mikroskobik gdriiniim agisindan saptanabilir bir etki
gozlenmemistir, Daha sonra, 90 giin boyunca %0,1-50 (afirhkca/agirhkea)
seviyelerinde karisik PS ile beslenen sicanlarda PS igin toksisite ve genotoksisite
eksikligi degerlendirilmistir [29].

PS (steroller ve stanoller) esterleri igin kadinlarda iireme hormonlar seviyeleri
ve saghkll goniillilerde digkn bakteriyel enzimleri veya kisa zincirli yag asitleri
tizerinde herhangi bir etki g6zlenmemistir [29].

8.2, Plazma karotenoidleri iizerindeki etkiler

PS (stanoller ve steroller) tiitketimi, muhtemelen plazmadaki vitamin tasiyicilari
olan lipoproteinlerdeki azalmanin bir sonucu olarak, yagda ¢bziinen vitaminlerin
plazma seviyelerinde bir azalma ile iligkilendirilmistir [21]. Bir meta-analiz A, D ve E
vitaminleri, alfa karoten ve likopenin dolagimdaki konsantrasyonlarinin LDL plazma
seviyelerine gore ayarlandiktan sonra PS'den etkilenmediBini géstermistir [21].
Ayrica, karotenoid kaynaklarmin (havug, kabak, kaysi, 1spanak, brokoli)
tilketimindeki bir artis, PS takviyesini takiben plazma karotenoid azalmasini
dengeleyebilir gibi gérinmektedir [30].

Ote yandan, PS tiiketiminden sonra beta karoten plazma seviyeleri, lipoprotein
etkisi ayarlandiktan sonra da dnemli élgiide azalmigtir.

Bununla birlikte, giinde onerilen 5 porsiyon meyve ve sebze seklinde diyete
karotenoidlerin eklenmesi, PS ile desteklenen deneklerde karotenoid seviyelerini
normal aralikta etkili bir sekilde korumaktadir [31]. Stiriilebilir gidalara veya ekmek
ve tahillara katilan PS ile takviye edilen denekler iizerinde yapilan ¢aligmalar, meyve
ve sebze titketiminin artirilmasinin dolagimdaki karotenoid seviyelerini diizeltmek
ve korumak igin yeterli oldugunu goéstermistir [31]. PS'nin karotenoidi diistirmesi
konusu emziren kadinlarda da ele alinmigtir, ancak bunun bebek gelisimi tizerindeki
sonuglari hala agikliga kavusturulmamigtir [32].

2002 yilinda, Avrupa Komisyonu Gida Bilimsel Komitesi'nin bir belgesi
“fitosterollerce zenginlestirilmis gidalarin uzun streli tiketiminin neden oldugu kan
B-karoten ve diger yagda ¢dziinen besin maddeleri seviyelerinde beklenen azalmay
dengelemek igin dogal B-karoten kaynaklarinin, yani karotenoid bakimindan zengin
sebze ve meyvelerin kullanilmasini 6nermektedir” [33].

2004 yilinda Avrupa Komisyonu, 608/2004 sayilll Komisyon Tiiziginde (EC)
“fitosteroller, fitosterol esterleri, fitostanoller ve/veya fitostanol esterleri eklenmis
gidalar ve gida bilesenlerinin” etiketlenmesi i¢in 6zel kurallar kabul etmis ve “bu
gidanin, plazma karotenoid seviyelerinin korunmasina yardimei olmak igin diizenli
meyve ve sebze tiiketimi de dahil olmak lizere dengeli bir beslenmenin pargasi
olmasi gerektigini” belirtmigtir [34],

8.3. Sitosterolemi (fitosterolemi)

Sitosterolemi, enterositten alinan bitki sterollerini bagirsak liimenine geri
atarak bagirsak bitki sterol emilimini diizenlemede énemli bir rol oynayan yan
tastyicilar olan ABCG5 ve ABCG8'den yalmizca birindeki mutasyonlarla iliskili, nadir
goriilen kalitsal bir otozomal resesif hastaliktir [9,35]. Sitosterolemili ailelerde
tamimlanan ABCG5 ve ABCG8'deki mutasyonlarin bazilari, normal iglevsellikten
yoksun kesilmig proteinlerle sonuglanmaktadir.

ABCG5/ABCG8 eksiklifi olan fareler iizerinde yapilan ¢aligmalar, nakavt
hayvanlarin daha yiiksek kolesterol dig1 sterol konsantrasyonlarina sahip oldugunu
gostermistir, bu da ABCG5 ve ABCG8'in hiicre membranlarinda kolesterolli korumak
igin gerekli oldugunu dislindlirmektedir [36]. Daha yiiksek hepatik kolestercl
konsantrasyonlarina ragmen safradaki daha dagiik sterol konsantrasyonlari, ABCG5
ve ABCG8 eksikliginin safrada tercihli sterol salgilanmasinin kaybiyla iligkili
oldugunu géstermektedir.

Sitosterolemi ashinda bitki ve kabuklu deniz Griinleri sterolleri de dahil olmak
lizere segici olmayan sterol hiperabsorpsiyonu ile karakterize olup ksantom ve
erken KKH gelisimine yol agmaktadir [37]. Sitosterolemisi olan hastalar, normal
bireylerde emilen %5'ten daha azina kiyasla, alinan sitosteroliin %15 ila 60"
emer. Bu kisilerde, kolesteroliin safraya salgilanmasi gibi, beslenmeyle alinan
kolesteroliin bagirsaktan emilimi de artmaktadir,

Bagirsaktan alimin artmasi ve hepatik salginin azalmasi sonucunda, PS ve diger
notr sterollerin plazma konsantrasyonlari saglikli bireylerdekinden yaklasik 50-100
kat daha yiiksektir.

Bu nedenle, dolagimdaki seviyeleri daha da yiikselebilecek olan homozigot
sitosterolemik hastalarda diyet PS kontrendikedir. Genel olarak, 2-3 g/glin bitki
sterold aliminin serum sitosterol ve kampesterol konsantrasyonlarini saghkh
bireylerde sirasiyla %30 ve %70, heterozigot sitosterolemik hastalarda ise sirasiyla
%50 ve %125 oraminda yiikselttigi gosterilmigtir; bu da neredeyse normal
fonksiyon i¢in sadece bir fonksiyonel ABCG5 veya ABCG8 alelinin yeterli oldugunu
diigtindiirmektedir.

Sitosterolemi ayni zamanda HMG-CoA rediiktaz ve kolesterol biyosentez
yolunda yer alan diger enzimlerin diigiik aktivitesi ve LDL reseptériiniin artmis
ekspresyonu ile iligkilidir, bu da baskilanmis kolesterol seviyeleri ile
sonuglanmaktadir [38].

Sitosteroleminin  yam  sira, plazma  kampesterol/kolesterol  ve
sitosterol /kolesterol oranlari ile PS plazma konsantrasyonlarini belirleyen birkag
yaygin dizi varyasyonu tamimlanmistir. Kisacasi, kolesterol (ve PS) metabolizmasi
ile vaskiiler fonksiyon ve yapi arasindaki gen tarafindan diizenlenen etkilesimin
agikhiga kavusturulmasy, uygun takviyenin uyarlanmasina yardimei olacaktir [39].
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8.4. Fitosterol plazma diizeyleri ve ateroskleroz

Sitosterolemisi olan birkag kiside erken KKH geligmesi, yiiksek serum PS
seviyelerinin varhginin 6zellikle aterojenik olabilecegini diigiindiirmektedir, Bununla
birlikte, yiitksek serum bitkisel sterol seviyeleri lle genis bir popiilasyon calismasinda
[40] kaydedilen KKH insidans: arasindaki iligki, benzer ozelliklere sahip diger iki vaka
kontrol calismasinda dogrulanmamigtir [41,42]. Yaslar1 30-67 arasinda defisen 2542
kiside yapilan elektron 1511 bilgisayar tomografisi, sitosterol veya kampesterol degil
ama kolesterol plazma seviyelerinin koroner kalsiyum varliginda 6nemli dl¢tide yiiksek
oldugunu ortaya koymus ve yiilksek plazma PS seviyeleri ile ateroskleroz arasindaki
iliskiyi desteklememistir. Ayrica, normal bireylerde serum PS seviyeleri ile iligkili risk
derecesi, sitosterolemi hastalarinda gézlenen seviyelerin ok altmdadir [43].

Daha yiiksek alimlardan kaynaklanan bitki sterollerinin artan emiliminin
ateroskleroz riskini artirabilecei 6ne siiriilmistiir; ancak, hiperkolesterolemiye diyetle
tedavi edici bir yaklasim olarak gram miktarlarinda PS alimy, PS plazma seviyelerini
sitosterolemili hastalarda gbzlenenden 20-100 kat daha digiik degerlere yikseltir, yine
de normal fizyolojik araligindadir [44].

PS alimi ile ateroskleroz gelisme riski arasindaki iligkiye dair kamtlar, PS'nin
aterosklerctik bir risk faktorii olarak lehinde ve aleyhinde mevcut verilerin analiz
edildigi son incelemelerde ozetlenmistir [9,44]. Ozetle, dolasimdaki PS artii ile KKH
riski arasinda bir iliski gézlemsel ¢alismalarla (prospektif kohort galigmalari, vaka-
kontrol galigmalari) varsayilmigtir [21]. Bugiin itibariyle, bu konuyu ele alan kontrollii
miidahale galigmalar1 bulunmamaktadir. PS ile zenginlestirilmis gidalarin potansiyel
riskinin daha onemli bir kardiyovaskiler risk faktori olan ve azalmas) KKH riskinde
azalma ile iligkilendirilen LDL kolesteroliiniin azaltilmasindaki etkinligi ile
dengelenebilecegini éne siiriiyoruz. Her haliikarda, yalnizca ileriye doniik miidahale
denemeleri bu sorunu nihayetinde tam olarak ¢éziime kavusturacaktir.

Weingartner ve arkadaglari [45] tarafindan yakin zamanda yaymlanan bir
makalede PS ile desteklenmis bir Bati diyetiyle beslenen apoE-/- farelerinde artmis
ateroskleroz ile korelasyon gosteren artmis plazma sterol konsantrasyonlar:
bildirilmigtir. Ayni yazarlar PS tiiketen hastalarin aort kapak dokusunda artmig plazma
konsantrasyonlar: ve 5 kat daha yiiksek sterol konsantrasyonlar: kaydetmislerdir, Buna
Kkarsilik, klinik son noktalarla ilgili calismalar eksiktir ve su anda kolesterolemi gibi
vekil belirteglere giivenmek durumundayiz.

9, ilaglarla kombinasyon

Fitosteroliin statinlere ek hipokolesterolemik etkisi ilk olarak yiiksek dozlarda
gdsterilmistir: 5,1 g/giin bitki stanolleri/sterolleri LDL konsantrasyonlarinda %15'lik
ek bir azalma saglamaktadir [46].

Statin alan hastalar igin fitosterollerin etkileri, 4-8 hafta boyunca 2-3 g/giin
dozlarinda hem stanollerin hem de sterollerin kullanildift ve %7-11 oraminda LDL
kolesterol azalmasiyla sonuglanan ¢ift kér, randomize, plasebo kontrollii ¢aligmalarla
dogrulanmustir [47]. LDL kolesteroldeki ilave diistigtin bliyliklGgi statin dozajinin dért
katina ¢ikarilmasindan beklenenden biraz daha diigiik olmugtur,

Basta ezetimibe olmak iizere diger lipid diisiiriici ajanlar da PS ile kombinasyon
halinde arastirlmigtir. Assman ve arkadaslari, ezetimibe tedavisi sirasinda PS
emiliminin azaldigini géstermistir [48].
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Gergekten de, iki ajan benzer etki mekanizmalarini paylagmaktadir ve kolesterol ve
PS emilimi i¢in birbirleriyle rekabet edebilirler: Jakulj ve ark. ezetimibe tedavisine
PS eklenmesinin ek bir faydasi olmadifini gostermistir [49]. Farelerde yapilan
calismalarda [50] fibrat-PS kombinasyonunun sinerjik etkileri kamitlanmamistir;
Nigon ve arkadaslari PS takviyesinin hafif bir katk etkisi oldugunu bildirmis olsalar
da [51], bu durum heniiz tam olarak aragtirilmay: beklemektedir.

10. Sonuglar

Sonug olarak, alisiimis gida maddeleriyle birlikte tiiketilen bitki sterolleri ve
stanolleri genel olarak giivenli olarak kabul edilmektedir ve yetigkinlerde
kullanimlarinin olumsuz etkileri pek olasi gériinmemektedir [29]. Mevcut kanitlar,
tercihen yag zengini bir gida matrisinde ¢dzlinmiis ve bir 6giinilin sonunda tiiketilen
yaklagik 1,6-2 g/gin’liik sterol ve stanol titketiminin LDL kolesterol seviyelerini
%10 oraninda diigiirmede etkili oldugunu géstermektedir. Bu azalma, takip eden 5
yil iginde KKH riskinin %12-20 oraminda diigmesine karsihk gelebilir, ancak bu
hipotezin dogrulanmasi gerekmektedir ve klinik son noktalan olan gahgmalar
eksiktir.

Kaynaklar

(1]
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Phytosterols are typical constituents of plants’ cell walls. When ingested with plant foods, they reduce
cholesterol absorption from the gut, due to their structural similarity with cholesterol. In the last decades,
purified plant sterols or stanols have been added to various foods items to obtain functional foeds with
remarkable hypocholesterolemic activity. A daily intake of plant sterols or stanols of 1.6-2 g/day, incor-
porated in these foods, is able to reduce cholesterol absorption from the gut by about 30%, and plasma
LDL cholesterol levels by 8-10%. Since the action of plant sterols or stanols on plasma LDL cholesterol
is additive to that of statins, the former can be used to increase the latter's hypocholesterolemic action
in patients needing a marked reduction in plasma LDL cholesterol levels. Phytosterols, up to 3 g/day, are
safe and effective cholesterol-lowering agents.
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1. Introduction

Non-pharmacological control of plasma lipid profile is
being actively explored with the use of a variety of agents/
nutrients/nutraceuticals/functional foods [1-3]. Among such

# Corresponding author. Tel.: +39 0276399532.
E-mail address: poli@nutrition-foundation.it (A, Poli).

1043-6618/$ - see front matter © 2010 Elsevier Ltd, All rights reserved.
doi:10.1016/j.phrs.2010.01.001

agents, phytosterols are being widely employed and are part of
several food items and supplements.

The hypocholesterolemic effects of phytosterols (plant sterols
and stanols, PS) have been known since about 1950, when a fall
of about 27% was observed in the plasma cholesterol levels of
26 healthy subjects supplemented with 5-10g/day of PS, for 2
weeks. Subsequent studies demonstrated that high doses of PS
(over 10g/day), taken for 3-5 weeks, were able to decrease blood
cholesterol levels, on average, up to 20% [4].
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The doses of PS recommended to reduce blood cholesterol, con-
sequently, ranged between 9 and 30 g/day up to the late '70s. The
first PS preparations were quite heterogeneous in terms of both
composition and source, but they all appeared to be effective and
safe. Their pharmacological application was limited, at those times,
to severe hypercholesterolemias, mainly due to the elevated cost
of high-purity compounds.

Calculations of the large amounts of PS in the ancestral diet stim-
ulated research on their role in human health, notably with the
aim to correct the low intake of these compounds in modern diets,
Hence, PS shifted from being natural food components to being
formulated into medications and supplements or incorporated in
conventional foods. Firstly, they were incorporated into lipid-based
products, mostly margarines. Subsequently, the progress of food
technologies has allowed to improve their solubility and incorpo-
ration in different food products such as fruit juice, ice cream, oven
baked products, etc. [5].

2. Biochemistry

Like cholesterol, to which they are related both structurally
and biosynthetically, PS belong to the family of triterpenes, with
a tetracyclic ring and a side chain linked to carbon 17. They can
be classified into sterols and stanols, according to the presence or
absence of a double bond at the A5 position. PS exist in free or
esterified forms: free sterols form part of the cellular wall, where
they play important structural functions, whereas sterol esters rep-
resent storage products within the cell [6] (Fig. 1).

More than 250 different PS molecules have been identified
to date; B-sitosterol is the most abundant among them. The
only structural difference between sitosterol and cholesterol
consists of an additional ethyl group present at position C-24
in sitosterol, which is probably responsible for its poor absorp-
tion. Other plant sterols such as campesterol, stigmasterol,
and dihydrobrassicasterol are present in vegetal foods at much
lower concentrations; the saturated derivatives campestanol and
sitostanol are found in almost negligible amounts in plants [7].
In turn, the most common dietary PS are sitosterol, campesterol,
and stigmasterol, that contribute to about 98% of the total dietary
intake.

3. Dietary sources and intake

The main PS sources are vegetable oils, nuts, grains, and grain-
derived products; also sprouts, cabbages, cauliflowers, green and
black olives contain plant sterols and stanols (Table 1). Among
non-vegetable foods, egg yolks, mammalian liver and crustaceans
represent important sources of PS in Western diets. In walnuts,
PS represent 0.1-0.2% of the total lipid fraction; about 87% of the
total PS is represented by sitosterol. Macadamia nuts contain about
1.3 mg of PS per gram of lipids [8].

The major sources of plant sterols used for incorporation into
commercial products are tall oil - which contains up to 80% -
sitosterol — and the by-products of soybean oil production. Both
sterols and stanols are frequently used in esterified forms, as fatty
acid esters: this increases their solubility and allows their incorpo-
ration into lipid-based foods [7].

Due to large differences in the consumption of plant foods
throughout the world, the dietary intake of PS ranges from
167 mg/day in Britain (mainly from vegetable oils) to 375 mg/day
in Japan [9]. However, it varies greatly also within Western popu-
lation groups, being markedly higher (+50%) in vegetarians. In the
large sample of the EPIC study (European Prospective Investiga-
tion into Cancer), performed on 22,256 subjects, PS intake ranged
from 463 mg/day (highest quintile) to 178 mg/day (lowest quintile)
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Fig. 1. Structures of sitosterol and sitostanol.

[10,11]. The dietary intake of plant stanols is much lower, about
50 mg/day [10].

As PS cannot be endogenously synthesized by humans, their
circulating levels are only dependent upon diet and absorption
efficiency. Miettinen and coworkers [12] found a positive corre-
lation between the circulating concentration of campesterol and
sitosterol and the amount of dietary PS ingested, as well as the
polyunsaturated/saturated fatty acid ratio of dietary fat and the
linoleic acid contents of plasma and dietary lipids. Depending on
the type and amount of plant foods consumed, PS consumption,
and therefore PS blood levels, may vary greatly within and between
populations.

Results from intervention studies suggest that higher PS intake
in the form of supplements increases circulating levels of PS, while
plant stanol supplementation decreases them [9].

Inter-individual variability affects phytosterols’ absorption:
it is known that the absorption route of PS is similar to that of
cholesterol, whose efficiency is affected by ApoE polymorphisms.
Therefore different ApoE phenotypes may modify plasma concen-
trations of PS, even if data from studies in different populations
are inconsistent and not as yet conclusive. However, it is likely
that the ApoE phenotype plays a role in explaining why variations
in PS concentrations exist within and across different population
groups [13].
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Table 1 4. Metabolism
Mean content of sterols and stanols in some vegetable foods (mg/100g).

Food Total phytosterols (mg/100g)? 4.1. Absorption

01‘l\fi';re1::f;;sm oil 919 The first studies, carried out at the beginning of the last century,
Corn oil 909 indicated that PS were not significantly absorbed by humans. More
Rapeseed oil 668 recently, the administration of deuterium-labelled PS to human
Sunflower oil 411 subjects has allowed assessing the quite low, but different, absorp-
izizs?;ﬁﬂ ggg tion rates of the various components. These rates range from
Grape seed oil 315 about 0.5% to 1.9% for sitosterol and campesterol, respectively; the
Margarine 217(92-721) figures for the corresponding saturated PS are reduced by approxi-
Olive oil 154 mately an order of magnitude (0.044% for sitostanol and 0.155% for
Fahmian, & campestanol) [7].

Nuts and seeds Heinemann et al. [14] demonstrated that the rate of intestinal
Sesame seeds 360 absorption of PS is inversely associated with the side chain length:
Sunflower seeds 300 spy . . . P
Paaie S Sis under normal conditions, PS with a long side chain are minimally
Almonds 183 absorbed as compared with cholesterol.

Hazelnuts 138 The absorption sequence is similar for both cholesterol and
Walnuts 127 PS. Both these sterols are solubilized in mixed micelles, after
Peanuts 104 the hydrolyzation of esters by a pancreatic ester hydroxylase.

Cereals The enterocyte is penetrated by either passive diffusion or by a
Wheat germ 344 receptor-mediated process. The putative specific carrier of choles-
Wi b 200 terol and PS is NPC1L1, a trans-membrane transport protein that
Buckwheat flour 99 . 7
Whole swhest bread 86 was recently described [15]. Indeed, selective NPC1L1 blockade by
Rye flour 86 ezetimibe halves both cholesterol and PS absorption [16].

Whole wheat flour 70 The PS side chain is responsible for the selective secretion of
Wheat 69 sitosterol and other PS from the enterocyte into the intestinal
Ef:ckers g? lumen, mediated by the adenosine triphosphate (ATP) binding cas-
Muesli 63 sette (ABC) transporters ABCG5 and ABCGS [7]. Recent findings
Orn flour 52 suggest that ABCG5 and ABCGS play a role also in the biliary secre-
Bread 44 tion of sterols.

Riee S Within the mucosa, a fraction of PS is re-esterified by the ACAT.
Wheat flour 28 : 3 s s

Rice four 23 The intestinal esterification of sterols by ACAT was reported to be
Corn flakes 22 significantly less efficient for PS than for cholesterol [17].

Puffed rice 20 As a consequence, plasma levels of PS in humans are nor-

Eruits mally about 0.5% of those of cholesterol, reflecting both the high
Passion fruits 44 endogenous cholesterol synthesis in the liver and the less efficient
Oranges 24 absorption of PS by the small intestine, Plant stanols concentrations
Figs 22 in plasma are only 0.05% that of cholesterol [18].

Lemmons 18

Grapefruits 18

Pineapples 17 4.2. Distribution and excretion

Clementines 16

Peaches 15 3 5 i .
Apples - Absorbed PS are qansported to the liver via chylomicrons, as is
Pears 12 cholesterol. In experimental models, however, only 12% of PS (as
Kiwi 9 compared to 70-80% of the absorbed cholesterol) is transported
Melons 2 in the esterified form in the chylomicrons. Free PS are carried as
Viaermelnns L surface lipids in these particles.

Vegetables Once taken up by the liver from the chylomicrons remnants,
Black olives 50 PS are secreted into blood as constituents of VLDL particles. The
Bruxelles sprouts 43 " y »

R 5 percentage of esterified PS and esterified cholesterol in VLDL and
Bioeeoll 20 LDL is essentially identical. HDL, on the opposite, have a higher
Green olives 35 PS/cholesterol ratio in comparison with LDL and VLDL, suggest-
Mushrooms 18 ing that PS are preferentially carried by these particles. Together
g::g;s }é with the observations that the HDL-associated PS seem to be selec-
Fennels 10 tively secreted into bile and that the PS/cholesterol ratio is usually
Onions 8 higher in bile than in plasma, these data indicate that HDL lipopro-
Leeks 8 teins play an important role in the removal of PS from the body
Peppers, green 7 ['[9]_

Eﬁ?:;c;fmmes 2 At the cellular level, PS are stored in the cytoplasm or incorpo-

4 Sum of sitosterol, campesterol, stigmasterol, sitostanol and campestanol.

rated into the cell membrane. They play no known biological or
functional role [17].

Excretion of absorbed PS takes place primarily via the biliary
route, while a minor fraction is excreted through the skin. Together
with lower absorption, PS's excretion is rapid and responsible for
the fact that endogenous pool size of PS are smaller than those of
cholesterol.



196 F. Marangoni, A. Poli / Pharmacological Research 61 (2010) 193-199

Data on bile acids biosynthesis from PS are conflicting.
Recent evidence indicates that, after losing their side chain,
they are catabolised - like cholesterol - in the different organs
[17].

5. Mechanisms of hypocholesterolemic activity

Ps intake with food decreases intestinal cholesterol absorption,
eventually inducing a reduction in plasma total and LDL choles-
terol concentrations [19]. Early studies showed that plant stanols
were more effective in decreasing cholesterol absorption than
sterols, suggesting a greater cholesterol-lowering effect [10]. More
recently, however, the effect of plant sterol and stanol esters -
incorporated in butter or margarine - on cholesterol absorption
and, consequently, on plasma cholesterol levels, has been shown
to be comparable. Interestingly, PS have a reduced capacity to sup-
press HMG-CoA reductase activity as compared to cholesterol. This
is in accordance to the finding that the cholesterol-lowering effect
of PS does not involve suppression of the endogenous cholesterol
synthesis.

The principal mechanisms of PS-induced reduction in choles-
terol absorption have been elucidated. In brief, PS compete
with cholesterol molecules for incorporation into mixed micelles
in the intestinal tract. A co-crystallization with cholesterol,
yielding an increased fecal excretion of cholesterol, takes also
place.

A few studies suggest that similar effects can be obtained by
administering PS in a single dose or divided into the 3 meals; this
suggests that the daily intake pattern does not affect PS efficacy
on plasma cholesterol levels, and that the reduced incorporation
of cholesterol into mixed micelles may only partially be responsi-
ble for the cholesterol-lowering effect of PS assumed with meals.
Plat and Mensink have proposed that PS enter the enterocytes,
thereby affecting intestinal lipoprotein metabolism [19]. In con-
trast to cholesterol, PS are only minimally esterified, incorporated,
and secreted into the circulation via the chylomicrons.

As compared with cholesterol, PS are more readily hydrolyzed.
This process leads to a lower solubilization of cholesterol into
micelles, decreasing its absorption and, in turn, increasing fecal
excretion of cholesterol and its metabolites.

PS may affect cholesterol levels also through the upregulation of
the ATP-binding cassette transporters ABCG-5 and ABCG-8, located
at the apical surface of the enterocyte.

6. Association between PS intake and plasma cholesterol
levels: epidemiological evidence and clinical trials

The effect of PS on blood cholesterol has been extensively stud-
ied in humans. In observational studies, performed in Northern
Sweden and in Great Britain, free living subjects in the top quin-
tiles of PS intake with food have a significantly lower plasma total
and LDL cholesterol as compared to subjects in the lowest intake
quintile [11,20].

Significant reductions of LDL cholesterol levels have also been
obtained in most of randomized clinical trials performed using PS
in humans. The dose—effect relationship starts to exhibit signifi-
cant hypocholesterolemic effects at intakes of about 500 mg/day
(in good accordance with the epidemiological evidence previ-
ously described). This effect is increased for daily intakes in the
range 500-2500 mg/day, while for greater intakes the effect on LDL
cholesterol levels seems to level off [21].

A recent meta-analysis has considered 59 selected randomized
placebo-controlled studies, conducted to test the efficacy of inter-
ventions lasting 2 or more weeks (with PS incorporated into food
matrices), on circulating cholesterol levels in adults [22]. In the
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Fig. 2. Estimates of low-density lipoprotein cholesterol (LDL-C) percentage reduc-
tions as recorded in randomized placebo-controlled trials. The ranges of daily
doses shown (number of trial arms in parentheses) are 0.7-1.1g(8), 1.5-1.9g (13),
2.0-2.42(14),2.5-29g(5),3.0-3.4g(13),and 4,0-42 g (2). Adapted from Katan et
al. [21].

overall pooled estimate on about 4500 subjects, LDL levels signif-
icantly decreased by 0.31 mmol/L on the average, compared with
placebo, despite the great clinical and methodological heterogene-
ity observed between the trials. The splitting of subjects into two
groups according to the baseline LDL cholesterol concentrations,
defined low and high according to ATP III, has allowed noting that
the greater LDL reduction occurred in individuals with optimal ini-
tial levels. These results were recently discussed by Demonty et
al., who analyzed 84 trials and concluded that “Higher baseline
LDL-C concentrations resulted in greater absolute LDL-C reduc-
tions™ [23]. A less recent study from Katan et al. [21] has concluded
that the placebo-adjusted reduction in LDL cholesterol associated
with PS rises with age, probably due to the progressive increase of
the baseline levels, even though the percentage reduction was not
significantly different in younger vs. older people.

The results of a metanalysis published by Abumweis [22] con-
firm the dose-response effect of PS, at doses ranging from 1.5g
to 2.5 g/day, as already shown by Katan (Fig. 2). Little additional
effects were recorded at doses higher than 2.5 g/d. However, the
5-10% effect estimated while testing doses of 0.7-1.1 g/d suggests
that about half the effect observed with higher amounts may be
attained at this dose.

Data from short- and long-term trials indicate that the
cholesterol-lowering effect of PS is noticeable within few weeks
and that it remains stable for up to 1 year of supplementation. In
particular, the administration of plant sterols with margarines at
doses of 1.5 and 3 g/day for 6 months induced the same reductionin
both total (—8.9% vs. —8.3%) and LDL cholesterol (—11.3% vs. 10.6%)
[19]. However, interruption of regular intakes may halt the effects
of PS, bringing cholesterol concentrations back to basal conditions.

As already mentioned, the hypocholesterolemic effect of PS may
also be affected by the frequency and the time of their intake. Con-
cerning frequency, the same intake of PS esterified in margarines,
consumed once per day at lunch or divided over three portions
resulted in similar LDL lowering effects [24].

In a recent study, the intake of PS with or without food was
compared. The results suggested that their consumption with food
may increase their metabolic effects (see below) [25].

The use of PS in diabetic patients has also been the subject
of a systematic review of the literature [26]. From the 18 stud-
ies considered, 5 clinical trials with sterol-fortified margarines
(n=4) and granola bars (n=1), involving 148 subjects treated for
3-12 weeks, were included in the meta-analysis. According to the
results, the supplementation of diabetic patients with 1.6-3 g/day
of plant sterols/stanols significantly reduced total and LDL choles-
terol (—10.3mg/dL and —12.2mg/dL on average, respectively),
without affecting triglyceride levels. HDL-cholesterol levels tended
to increase, but the effect was not statistically significant. Although
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these observations need further confirmations by longer term clin-
ical trials on larger groups of patients, they are of clinical relevance,
especially according to the indication that each 1% reduction in LDL
cholesterol corresponds to a 1% reduction in CHD relative risk, espe-
cially for subjects at high cardiovascular risk, like those affected by
type 2 diabetes.

7. Phytosterols and foods

The efficacy of PS in cholesterol lowering have been tested pre-
dominantly by incorporating them into either regular or low fat
spreads [27]. Both plant sterols and stanols have been integrated
into low fat milk and voghurt, bakery products, orange juice, cereal
bars, low and non-fat beverages, chocolate. The impact of differ-
ent food compositions on the hypocholesterolemic effect of PS has
not yet been completely clarified, due to the great variability of data
from clinical trials carried on with the same food carrier. Abumweis
and coworkers [22] have classified all the 59 considered studies
according to the fat content and the physical form of the differ-
ent food carrier used for the administration of PS into four groups:
fat spreads, mayonnaise and salad dressing, milk and yoghurt and
others (including chocolate, cereal bars, beverages, juices, meat
and oven baked products). The incorporation into spreads, mayon-
naise/salad dressing, milk/yoghurt, was associated with a greater
efficacy in LDL cholesterol reduction than incorporation into other
foods, suggesting the important role of the food matrix in affecting
the cholesterol-lowering effect. In particular, it has been demon-
strated that plant stanol esters with low fat milk are almost three
times more effective than with bread and breakfast cereals [28].

8. Safety

The US Food and Drug Administration and the European Union
Scientific Committee have thoroughly reviewed the safety of phy-
tosterols, phytostanols, before and after approving their use in
functional foods.

8.1. Toxicity

The first toxicity study was performed with PS preparations to
be marketed in the 1950s for cholesterol lowering, containing from
65 to 90% of sitosterol. No detectable effects were observed in rats,
rabbits, and dogs fed large amounts of PS over a 2-year period with
regard to growth, serum proteins, blood urea nitrogen, gross and
microscopic appearance. Afterwards, the lack of toxicity and geno-
toxicity has been assessed for PS in rats fed mixed PS at levels of
0.1-5.0% (wt/wt) for 90 days [29].

No effect has been observed for PS (sterols and stanols) esters on
levels of reproductive hormones in women and on fecal bacterial
enzymes or short-chain fatty acids in healthy volunteers [29].

8.2. Effects on plasma carotenoids

The consumption of PS (stanols and sterols) has been associated
with a reduction in plasma levels of fat-soluble vitamins, probably
the result of a reduction in the lipoproteins which are the vitamin
carriers in plasma [21]. A meta-analysis has shown that circulating
concentrations of vitamins A, D and E, alpha carotene and lycopene
are not affected by PS after adjustment for LDL plasma levels [21].
Anincrease in consumption of carotenoids sources (carrots, pump-
kins, apricots, spinach, broccoli), moreover, seems to be able to
balance the plasma carotenoid reduction following PS supplemen-
tation [30].

Beta carotene plasma levels, after PS consumption, are on the
other hand significantly reduced also after adjusting for the lipopre-

tein effect. However, the addition of carotenoids to the diet in the
form of the recommended 5 servings of fruit and vegetables per day
effectively maintains carotenoid levels in the normal range in sub-
jectssupplemented with PS [31]. Studies on subjects supplemented
with PS incorporated in spreads or bread and cereals have demon-
strated that increasing the consumption of fruits and vegetables is
enough to correct and to maintain circulating carotenoid levels [31].
The issue of carotenoid lowering by PS has also been addressed in
lactating women, but its consequences on infant development are
still to be elucidated [32].

In 2002, a document of the Scientific Committee on Food of the
European Commission “recommends the use of natural sources
of B-carotene, i.e. carotenoid-rich vegetables and fruits, to coun-
terbalance the expected reduction of blood B-carotene and other
fat-soluble nutrients levels caused by long-term consumption of
foods enriched in phytosterols” [33].

In 2004, the European Commission adopted specific rules for
labeling “foods and food ingredients with added phytosterols,
phytosterol esters, phytostanols and/or phytostanol esters” in
Commission Regulation (EC) No. 608/2004 and stated that “this
food should be part of a balanced diet, including regular consump-
tion of fruits and vegetables to help maintain plasma carotenoids
levels” [34].

8.3. Sitosterolemia (phytosterolemia)

Sitosterolemia is a rare inheritable autosomal recessive dis-
ease, associated with mutations in only one of ABCG5 and ABCGS,
the half-transporters which play an important role in regulat-
ing intestinal plant sterol absorption by excreting plant sterols
that have already been taken up from the enterocyte back into
the intestinal lumen [9,35]. Some of the mutations in ABCG5 and
ABCGS, identified in families with sitosterolemia, result in trun-
cated proteins that lack normal functionality.

Studies on ABCG5/ABCG8-deficient mice have demonstrated
that knockout animals have higher concentrations of non-
cholesterol sterols, suggesting that ABCG5 and ABCG8 are necessary
to maintain cholesterol in cell membranes [36]. The lower concen-
trations of sterols in the bile, despite the higher hepatic cholesterol
concentrations, indicate that the lack of ABCG5 and ABCGS is asso-
ciated with the loss of preferential sterol secretion in the bile.

Sitosterolemia is, in fact, characterized by non-selective sterol
hyperabsorption, including plant and shellfish sterols, leading to
the development of xanthomas and premature CHD [37]. Patients
with sitosterolemia absorb between 15 and 60% of the ingested
sitosterol, compared to less than 5% absorbed in normal subjects.
In these subjects, the intestinal absorption of dietary cholesterol is
enhanced too, as the secretion of cholesterol into the bile.

As aresult of the increased intestinal uptake and the decreased
hepatic secretion, plasma concentrations of PS and other neutral
sterols are approximately 50-100 times higher than that in healthy
subjects.

For this reason, dietary PS are contraindicated in homozygous
sitosterolemic patients, whose circulating levels could be further
elevated. In general, it has been demonstrated that the intake of
2-3 g/d of plant sterols elevates serum sitosterol and campesterol
concentrations by 30% and 70%, respectively, in healthy subjects,
and by 50% and 125%, respectively, in heterozygous sitosterolemic
patients, suggesting that only one functional ABCG5 or ABCG8 allele
is sufficient for nearly normal function.

Sitosterolemia is also associated with lower activity of HMG-
CoA reductase and other enzymes involved in the cholesterol
biosynthesis pathway and with the increased expression of the LDL
receptor, resulting in suppressed cholesterol levels [38].

Aside from sitosterolemia, several common sequence vari-
ations have been described, determining the plasma campes-
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terol/cholesterol and sitosterol/cholesterol ratios, as well as PS
plasma concentrations. In brief, clarification of the gene-regulated
interaction between cholesterol (and PS) metabolism and vascular
function and structure will help tailoring the appropriate supple-
mentation [39].

8.4. Phytosterol plasma levels and atherosclerosis

The development of premature CHD in several individuals with
sitosterolemia suggests that the presence of high serum PS levels
may be particularly atherogenic. However, the association between
elevated serum plant sterol levels and the incidence of CHD reg-
istered in a large population study [40] has not been confirmed
in two other case-control studies of similar characteristics [41,42].
Electron beam computer tomography in 2542 subjects aged 30-67
has revealed that plasma levels of cholesterol, but not sitosterol or
campesterol, were significantly higher in the presence of coronary
calcium, not supporting the relationship between elevated plasma
PS levels and atherosclerosis. Furthermore the degree of risk associ-
ated with serum PS levels in otherwise normal individuals is much
below the levels observed in patients with sitosterolemia [43].

It has been proposed that increased absorption of plant
sterols, resulting from higher intakes, may increase the risk of
atherosclerosis; however, the intake of PS in gram quantities, as
a dietary therapeutic approach to hypercholesterolemia, increases
PS plasma levels to values 20-100 times lower than those observed
in patients with sitosterolemia, still within the normal physiologic
range [44].

The evidence on the relationship between PS intake and the
risk of developing atherosclerosis has been summarized in recent
reviews [9,44], in which the available data in favor and against PS as
an atherosclerotic risk factor have been analyzed. In brief, an associ-
ation between the increase in circulating PS and CHD risk has been
hypothesized by observational studies (prospective cohort studies,
case-control studies) [21]. As of today, there are no controlled inter-
vention studies that have addressed this issue. We propose that the
potential risk of PS enriched foods may be counterbalanced by their
efficacy in reducing LDL cholesterol, a more relevant cardiovascu-
lar risk factor, whose reduction is associated with a decrease in
CHD risk. In any case, only prospective intervention trials would
eventually fully resolve this issue.

It should be noted that a recent paper by Weingartner et al.
[45] reported increased plasma sterols concentrations correlating
with increased atherosclerosis in apoE~/~ mice fed a Western diet
supplemented with PS. The same authors noted increased plasma
concentrations and 5-fold higher sterol concentrations in aortic
valve tissue of patients consuming PS. In turn, studies with clinical
endpoints are lacking and, at present, we have to rely on surrogate
markers such as cholesterolemia.

9. Combination with drugs

The additive hypocholesterolemic effect of phytosterol to statins
has been firstly demonstrated with high doses: 5.1 g/day of plant
stanols/sterols produce an additional 15% reduction in LDL concen-
trations [46].

The effects of phytosterols for patients receiving statins have
been confirmed by double-blind, randomized, placebo-controlled
trials using both stanols and sterols in doses of 2-3 g/day for 4-8
weeks and resulting in LDL cholesterol reduction of 7-11% [47]. The
magnitude of the additional decrease in LDL cholesterol was slightly
lower than that which would be expected from quadrupling the
statin dosage.

Other lipid-lowering agents, notably ezetimibe, have also been
investigated in combination with PS. Assman et al, showed

decreased PS absorption during ezetimibe treatment [48]. Indeed,
the two agents share similar mechanisms of action and might com-
pete with each other for cholesterol and PS absorption: Jakulj et
al. showed no additional benefit of PS addition to ezetimibe treat-
ment [48]. Studies in mice [50] did not prove synergistic effects ofa
combination fibrates-PS, which remains to be fully explored, even
though Nigon et al. reported a mild additive effect of PS supple-
mentation [51].

10. Conclusions

In conclusion, plant sterols and stanols consumed with habit-
ual foodstuffs are generally recognized as safe and adverse effects
of their use seem to be very unlikely in adults [29]. The available
evidence demonstrates that the consumption of about 1.6-2 g/d of
sterols and stanols, preferably dissolved in a fat rich food matrix,
and consumed at the end of a meal, is effective in lowering LDL
cholesterol levels by 10%. This reduction may correspond to a
fall of CHD risk by 12-20% in the following 5 years, though this
hypothesis needs confirmation and trials with clinical endpoints
are lacking.
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