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esterlerine kiyasla lipit profili iizerinde daha iyi etki gostermesi
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OZET:
Bitki sterollerinin (PS) kolesterol diisiiriicii etkisi bilinmekle birlikte, baz1 diyet formiilasyonlarinda

PS'nin ¢6zliniirliigiiniin azalmastyla ilgili sorunlar hala agikliga kavusturulmamstir. Bu ¢alisma, serbest
bitki sterollerinin (WD-PS) ve bitki sterol esterlerinin (PS-esterler) suda dagilabilir formiilasyonlarimin
etkinligini belirlemistir. Randomize, ¢apraz bir ¢aligmada, hafif ila orta derecede hiperkolesterolemili 47
kisiye 4 hafta boyunca tek doz giinliik PS ile zenginlestirilmis yogurt (WD-PS veya PS esterlerinden 2
g/giin PS) veya plasebo verilmistir. WD-PS veya PS-esterlerle zenginlestirilmis yogurt, kontrol grubuna
gore serum toplam kolesterol (sirastyla %7,7 ve %6,3) ve LDL kolesterol diizeylerinde (sirastyla %11,7
ve %11,6) benzer diisiislere neden olmustur (p < 0,001; tiimii). Toplam kolesteroliin HDL kolesteroliine
ve non-HDL kolesteroliin HDL kolesteroliine oranlari, kontrol grubuna kiyasla WD-PS ile (sirasiyla
%10,6 ve %15,2) PS-esterlere gore (sirastyla %7,0 ve %10,8) daha fazla azalmigtir (p < 0,05). WD-PS
tiiketimi, PS esterlerinin tiiketimine kiyasla serum trigliserid diizeylerini distrdi (13,9%, p < 0,05)
(0,6%). Hem WD-PS hem de PS esterleri LDL kolesteroliin disiiriilmesine etkili bir sekilde katkida
bulunmustur, ancak WD-PS formiilasyonu serum TG ve toplam kolesteroliin HDL kolesteroliine oranini
iyilestirerek kardiyovaskiiler hastaliklarin 6nlenmesinde ek etkiler saglamistir.

Deneme kayd: (clinicaltrials.gov): NCT01478789.
© 2013 Elsevier Ltd. Tiim haklar1 saklidir.

1. Giris

edilmektedir (Abumweis, Barake, & Jones, 2008). PS, kolesterol
emilimini azalttig1 i¢in, PS kullanimina iliskin énemli bir endise,

Diinya Saglik Orgiitii'ne gére, kardiyovaskiiler hastaliklar (KVH)
diinya ¢apinda 6nde gelen 6liim nedenleridir (WHO, 2011). LDL
kolesteroliin diisiiriilmesi, KVH'nin dnlenmesinde merkezi bir
rol oynar ve diyet degisiklikleri ve tedavi ile saglanabilir (NCEP,
2001). Bu nedenle, PS'nin kolesterol disiiriicii etkisinin
kanitlanmis olmasi nedeniyle, bir¢ok danigsma kurulu, kan lipid
diizeylerini optimize etmek icin degistirilmis diyetin bir bileseni
olarak giinde 2 g PS alimini dnermektedir (America Diyabet
Dernegi, 2008; Health Canada, 2010; NCEP, 2001). PS'nin
kolesterol  disiiriicii  6zelliginden sorumlu ana etki
mekanizmasi, bagirsaklarda kolesterol emiliminin
engellenmesidir. (Trautwein ve digerleri, 2003). Safra tuzu
misellerinde kolesterol ve PS arasindaki rekabetci ¢oziiniirlik,
bagirsak kolesterol emilimini azalttign ve dolayisiyla
dolasimdaki kolesterol diizeylerini diisiirdiigli, ayn1 zamanda
endojen Kkolesterol biyosentezini kismen artirdigi iddia

PS'nin yagda ¢6ziinen vitaminlerin ve karotenoidlerin emilimini
azaltabilecegidir (Berger, Jones, & Abumweis, 2004; Law, 2000;
Rudkowska, AbuMweis, Nicolle, & Jones, 2008b). Ancak, farklh
¢alismalarin sonuglary, yagda ¢6ziinen antioksidanlarda hi¢bir
degisiklik olmamasi (De Jong ve digerleri, 2008; Korpela ve
digerleri, 2006; Thomsen, Hansen, Christiansen, Green, &
Berger, 2004; Volpe ve digerleri, 2001) ile tokoferol ve/veya b-
karoten diizeylerinde 6nemli bir azalma (Clifton ve digerleri,
2004; Mensink, Ebbing, Lindhout, Plat, & van Heugten, 2002;
Noakes, Clifton, Doorn- bos, & Trautwein, 2005; Richelle ve
digerleri, 2004) veya sadece serum lutein ve likopen
diizeylerinde azalma arasinda degisiklik gostermistir
(Rudkowska ve digerleri, 2008b).

Kimyasal yapilar1 ve diisiik ¢ozliniirliikleri nedeniyle, PS'nin
optimal saglik yararlari elde etmek icin uygun sekilde formiile
edilmesi gerekir. Gergekten de, PS kristal 6zelliklere, yiiksek
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erime noktasina ve su ve yaglarda diistik ¢oziintirliige sahiptir,
bu da gida matrislerine dahil edilmesini zorlastirir ve pratik
uygulamalarini sinirlar. (Berger ve digerleri, 2004; Fornari,
Torres, Torrelo, Senorans, & Reglero, 2009). Geleneksel olarak,
en yaygin islem PS'yi bitkisel yag asitleri ile esterlestirilmis
formlarina doniistiirmek ve ardindan margarin ve siiriilebilir
yaglar gibi yag bazh gidalara eklemektir (Fornari ve digerleri,
2009). Ayrica, nutrasotik endiistrisindeki arastirmalar, PS'nin
¢Oziiniirligliniin ve biyoaktivitesinin ¢esitli emiilsiyon bazh
dagitim  sistemlerine dahil edilerek biiyiik  6l¢lide
artirilabilecegini gostermistir (Gremaud ve digerleri, 2002; Lin
ve digerleri, 2009; Meguro ve digerleri, 2001; Ostlund, Spilburg,
& Stenson, 1999). Bazi ¢alismalarda, lesitin ile serbest PS
formiilasyonu kolesterol emilimini ve dolasimdaki LDL-C'yi
onemli olclide azaltirken, kristal formdaki PS ile daha az etki
goriilmistiir (Gremaud ve digerleri, 2002; Ostlund ve digerleri,
1999). Ayrica, Lin ve digerleri (2009) soya lesitinden
saflastirilmis dogal fitosterol glikozitlerin, PS esterlerle
eszamanli olarak goézlemlenen %30,6'lik azalmaya kiyasla
kolesterol emilimini %37,6 oraninda azalttigini belirtmistir.
Son olarak, PS'nin doza bagh LDL-C diisiirticii etkinligi, Demonty
ve digerleri (2009) tarafindan seksen dort denemenin meta-
analizinde gosterilmistir. Bu ¢alisma, PS'nin etkinliginin, yag
bazli ve yag bazli olmayan araglar ve /veya serbest PS ve PS ester
formlar1 dahil olmak {izere cesitli tedavi ozellikleriyle hi¢bir
baglantisi olmadigini dogrulamistir.

PS esterlerine benzer sekilde, uygun sekilde ¢6ziintir hale
getirilmis serbest steroller, baz1 calismalarda, ancak hepsinde
degil, esdeger serbest sterol dozu verildiginde benzer bir LDL-C
diisiiriicti etki gosterdigi gosterilmistir (Richelle ve digerleri,
2004). Bu nispeten ¢6ziinmeyen maddelerin formiilasyon ve
uygulama zorlugu nedeniyle serbest PS'nin ¢6ziiniirliglinin
azalmasi, bu ¢alismalarin sonuglari arasindaki tutarsizligin ana
nedenlerinden biridir (Berger ve digerleri, 2004; Moreau,
Whitaker, & Hicks, 2002). Bu nedenle, PS'nin biyoaktivitesi ve
etkinligi acisindan formunun 6nemi g6z Oniine alindiginda,
daha 6nce test edilen formlardan biiytik farkliliklar gosteren her
yeni formiilasyonun degeri degerlendirilmelidir.

Bu nedenle, bu ¢galismanin amaci, yeni bir suda dagilabilir PS
(WD-PS) formiilasyonunun serum lipitleri ve yagda ¢dziinen
vitamin konsantrasyonlari lizerindeki etkilerini, pozitif kontrol
olarak geleneksel PS esterleri ve plasebo (sadece arag) ile
karsilastirarak incelemekti. Ek olarak, bildirilen advers olaylar
ve/veya karaciger enzimleri dahil olmak tizere klinik kimya
parametrelerinde istenmeyen degisiklikler olarak tanimlanan
giivenlik parametreleri, ¢alismanin her asamasinda 4 hafta
boyunca incelenmistir. WD-PS'nin, kan toplam kolesterol ve
LDL kolesterol diizeylerini diisiirmede PS-es-esterler kadar
etkili olacag1 hipotezini kurduk.

2. Malzemeler ve yontemler

2.1.  Tedavi hazirhig1

WD-PS (Nutrartis SA, Santiago, Sili) ve PS-ester (Arboris LLC,
Savannah, GA, ABD), ticari olarak temin edilebilen, tall yagindan
elde edilen sterol triinleridir ve agirlikca yaklasik %70-80
oraninda beta-sitosterol ve %15 oraninda kampesterol olmak

tizere iki ana bilesene sahiptir. PS-esterin ester kismi bitkisel
yag asitlerine karsilik gelir. Ayrica antioksidan olarak karisik
tokoferoller ve askorbil palmitat (3000 ppm) igerir. WD-PS ve
PS esterlerinin bilesimi ve besin degerleri Tablo 1 ve 2'de
gosterilmistir.

PS-ester, saf serbest sterollerin (Arboris LLC, Savannah, GA,
ABD) yenilebilir bitkisel yaglardan elde edilen gida yag asitleri
ile esterlestirilmesi yoluyla iiretilmistir. Gida sinifi yag asitleri
ve steroller karistirilldi ve karisim, herhangi bir kimyasal
katalizor kullanilmadan ytlksek sicaklikta gergeklestirildi.
Esterlestirme isleminden sonra, fazla serbest yag asitleri
ylksek vakumlu damitma ile uzaklastirildi ve rafine PS esterleri
sogutuldu. Hedef bilesim ve partikiil boyutuna sahip serbest
sterollerin submikron dispersiyonu olan WD-PS, Nutrartis S.A.
(Santiago, Sili) tarafindan WO 2010/095067 25 numaral
patent basvurusu kullanilarak hazirlanmistir. Kisaca, saf
serbest steroller (Arboris LLC, Savannah, GA, ABD) eritilerek
suda sterollerin O/W (yag-su) emiilsiyonu olusturuldu ve
ardindan  sogutularak  dispersiyon = haline  getirildi.
Dispersiyonun parcacik boyutu, Horiba LA910 ekipmani
kullanilarak belirlenmis ve ortalama pargacik boyutu 400 nm
olarak 6l¢iilmiis olup, 100 nm'nin altinda hi¢bir parcacik tespit
edilmemistir.

Sade yogurt (4% yagh siit, Dairyland, Saputo, Kanada) hem
PS (WDPS ve PS-esterler) hem de kontrol olarak gida tasiyici
olarak kullanildi. PS esterler, su banyosunda (VWR 1227, San
Diego, CA, ABD) 60 °C'de 3 dakika eritildikten sonra hafifce
karistirilarak yogurda karistirildi (100 g yogurda 3,37 g PS ester
ilave edildi). WD-PS, gida {iriinlerine uygun sekilde formiile
edilmesi icin yiiksek kesme karistirma veya homojenlestirme
gerektirmeyen, kararli, cokmeyen, kolayca dagilan bir fitosterol
dispersiyonuydu ve hafif ¢alkalama ile yogurda karistirildi (100
g yogurda 20 g WD-PS eklendi). WD-PS ve PS-esterler,
Richardson Fonksiyonel Gidalar ve Nutrasotikler Merkezi'nin
metabolik mutfaginda aromalandirildi ve yogurda karistirildi
(her iki islem i¢in 100 g yogurda 2 g serbest bitki sterolii
eklendi). PS ile zenginlestirilmis (WD-PS ve PS esterleri) ve
plasebo yogurtlar arasinda organoleptik farkliliklar tespit
edilmemisgtir.




Tablo 1 - Bitki sterollerinin bilesimi.

Bilesen % w/w
WD-PS

Tall yag sterolleri 10,0
Bitkisel yag asitleri (Na + tuzlar) 0,2
Polisorbatlar 0,3

Su 89,5

PS esterleri

Tall yag sterolleri 62,0

Yag asitleri 38,0

Not: WD-PS: suda dagilabilir bitki sterolii; PS-esterler: bitki sterol esterleri;
W: agirlik.

Tablo 2 - 100 g yogurt basina bitki sterollerinin besin

degerleri.

Bilesen WD-PS PS

Enerji (kcal) 0,60 11,06
Toplam yag (g) 0,05 1,23
Doymus yag (g) - 0,08
Trans yag asitleri (g) - 0,02
Tekli doymamis yag (g) 0,04 0,79
Coklu doymamis yag (g) — 0,28
Azotsuz ekstrakt (g) 0,04 —

Bitki sterolleri (g) 2,00 2,00

Not: WD-PS: suda dagilabilir bitki sterolii; PS-esterler: bitki sterol esterleri.

2.2, Calisma popiilasyonu

Winnipeg metropol bolgesinde, gazetelerde verilen ilanlarla,
optimal serum LDL kolesterol konsantrasyonlarinin tizerinde
olan erkek ve kadinlar ¢alismaya dahil edildi. Potansiyel ¢calisma
goniillileri, ilk olarak kisisel saglik bilgileri, tibbi durumlari ve
hastalik Oykiisii ile ilgili bir anketle tarandi Deneklerin
potansiyel olarak uygun oldugu belirlenirse, ilk ziyarette kan
taramasi yapilir ve aglik kani alinarak TC, HDL-C, LDL-C ve TG
diizeyleri dahil olmak tizere genel lipit profili test edilir. Dahil
edilme kriterleri arasinda baslangic LDL-C dilizeyi 2,8
mmol/1I'nin lizerinde, TG diizeyi 4,5 mmol/I'nin altinda, viicut
kitle indeksi (VKI) 20 ile 30 kg/m2 arasinda ve yas 19-75
arasinda olmasi yer almaktaydi. Statins, nikotinik asit veya
fibratlar alan goniilliler ¢alismadan ¢ikarildi. Diyabetes
mellitus, sitosterolemi, kalp hastaligi, karaciger hastalig,
bobrek hastaligi tanisi konulan veya yakin zamanda biiyiik bir
ameliyat geciren denekler de calismadan hari¢ tutuldu. Bu
calisma, Helsinki Bildirgesi'nde belirtilen kurallara gore
gerceklestirilmis olup, insan deneklerin katildig1 tim
prosediirler Manitoba Universitesi Biyomedikal Arastirma Etik
Kurulu tarafindan onaylanmistir. Tiim deneklerden yazili
bilgilendirilmis onam alinmigtur.

2.3. Deney protokolii

Elli ic katilimc1 (19-75 yas) calismaya dahil edildi. Calisma,
serbest yasam tarzinda, randomize, ¢capraz bir deneme olup, her
biri 4 haftalik araliklarla ayrilmis {i¢ adet 29 giinliik tedavi
asamasindan olusmustur. Deneklere, WD-PS ile
zenginlestirilmis yogurt, PS esterleri ile zenginlestirilmis yogurt
veya PS icermeyen yogurt (plasebo) tedavileri rastgele sirayla
verildi. Her tedavi doneminde, deneklere normal diyetlerini

takip etmeleri ve RCFFN'de standart aksam yemegini yedikten
sonra tedaviyi almalar1 talimati verildi ve uyumu izlemek i¢in
giinliik olarak gozetim altinda tutuldu.

2.4. Kan 6rnegi alma ve analiz

Denemenin 3 agamasinin her birinde 1., 2., 28. ve 29. giinlerde
12 saatlik aghk kan 6rnekleri alindi. 1. ve 2. giinlerde alinan kan
ornekleri, farkll ¢alisma olglimleri icin baslangi¢c degerlerini
6lemek icin kullanilirken, son 2 giinde alinan kan dérnekleri ise
nihai degerleri 6lgmek icin kullanildi. Kan 6rnekleri alindi ve
3000 g'de 20 dakika santrifiijlendi. Ayrilan alikvotlar analiz
edilene kadar -80 °C'de donduruldu. Plazma TC, TG, HDL-C ve
karaciger enzimleri (AST, ALT, LDH, ALKP, GGT) diizeyleri,
VITROS 350 kimya otomatik analiz cihazi (Ortho-Clinical
Diagnostics, Markham, ON, Kanada) kullanilarak analiz edildi.
Plazma LDL-C Kkonsantrasyonlar1 Friedewald denklemi
kullanilarak hesaplandi (Friedewald, Levy, & Fredrickson,
1972). Plazma CRP, Adiva 1800 klinik kimya sistemi (Siemens
Healthcare Diagnostic INC, ON, Kanada) kullanilarak analiz
edildi.

2.5. Plazma kolesterol dnciisii ve bitki sterol analizleri

Serumdaki  bitki  sterolleri ~ve  Oncii  sterollerin
konsantrasyonlari, énceden belirlenmis yontemlere gore gaz
kromatografisi GC (Bruker 430; Billerica, MA, ABD) kullanilarak
olctilmiistiir (Jones ve digerleri, 2005). Kisaca, i¢ standart olarak
5a-kolestan (Sigma-Aldrich Canada Ltd, Oakville, ON, Kanada)
her plazma o6rnegine (100 pg/0,5 ml plazma) eklenmistir.
Numuneler, 100 °C'de 2 saat boyunca 0,5 M metanol-KOH ile
sabunlastirildi ve sabunlasmayan kisim petrol eteri ile
ekstrakte edildi. Ekstraksiyonla elde edilen sabunlasmayan
maddeler, PS konsantrasyon seviyelerinin belirlenmesi igin
kullanildi. Ornekler, 500 pl TMS reaktifi (piridin-
heksametildisilazan-trimetilklorosilan; 9:3:1) ile tiirevlendirildi
(Jones ve digerleri, 2005). Hazirhk isleminden sonra
numuneler, alev iyonizasyon dedektdrii ve otomatik enjektor
sistemi ile donatilmis GC'ye enjekte edildi. Ayirma, i¢ ¢ap1 0,25
mm ve film kalinlig1 0,25 pm olan 30 m'lik bir kapiler kolon ile
gerceklestirildi (SAC-5, Supelco, Sigma-Aldrich Canada Ltd,
Oakville, ON, Kanada). Kolon sicakligi 2 dakika boyunca 130
°C'de baglatildi. Ardindan sicaklik 10 dakika boyunca 270 °C'ye
(hiz: 30 °C/dk) yiikseltildi ve tekrar 290 °C'ye (hiz: 10 °C/dk)
artirilldi. 8 dakika sonra sicaklik 2 dakika boyunca 310 °C'ye
(hiz: 20 °C/dKk) ytikseltildi (toplam stire 30 dakikaydi). Enjektor
ve dedektor sicakliklari sirasiyla 295 °C ve 300 °C olarak
ayarlandi. Tasiyict gaz (helyum) akis hizi, giris ayirict 100:1
olarak ayarlanarak 1 ml/dk olarak ayarlandi ilgi zirveleri,
otantik standartlar (Sigma-Aldrich Canada Ltd, Oakville, ON,
Kanada) kullanilarak belirlenmistir.

Kolesterol sentezi, 6nceden belirlenmis ikame ydntemi
temel alinarak degerlendirildi. (Jones ve digerleri, 2005;
Mackay & Jones, 2011). Kisaca, kolesterol biyosentezini
belirlemek i¢cin lathosteroliin kolesterole goére mutlak
miktarinin orani (umol/mmol kolesterol) kullanild1 (Miettinen,
Strandberg, & Gylling, 2000; Simonen, Gylling,_Z& i
2008; Vanstone & Jones, 2004).




2.6.  Plazma yagda ¢éziinen vitamin ve karotenoid analizleri

Plazma a-tokoferol, y-tokoferol, retinol, lutein, likopen ve p-
karotenin eszamanli tayini i¢in UV-VIS spektrofotometre
dedektorli  (SPD-6A) izokratik yiiksek performansh sivi
kromatografi HPLC (1100 HPLC, Agilent Technologies, Palo
Alto, CA, ABD) kullanilmistir. Ekstraksiyon prosediirii Gueguen,
Herbeth, Siest ve Leroy (2002) tarafindan agiklanan sekilde
gerceklestirilmistir. Kisaca, vitamin ve karotenoid diizeylerini
6lgmekicin, 200 ul serumun igine bir i¢ standart (Sigma-Aldrich,
St. Louis, MO, ABD), retinol asetat ve [-Apo-8'-karotenal
metanol c¢ozeltisi eklenmistir. Serum oOrnekleri etanol ile
proteinlerden arindirildi ve iki kez heksan ile ekstrakte edildi.
Her numunenin kopyalar1 hazirlandi, ardindan elde edilen
ekstraktlar, metanol-aseton-trile-tetrahidrofuran (75:20:5,
v/v/v) ile eliie edilmis kolon koruyuculu bir C18 ters faz kolonu
(30 cm x 39 mm i¢ cap) (Zorbax EclipseXDB, Agilent
Technologies, Palo Alto, CA, ABD) lizerine enjekte edildi. Akis
hiz1 1,0 ml/dk olarak ayarlandi. Tiim analitlerin tam eliisyonu
38 dakika icinde izokratik olarak gerceklestirildi. Algilama dalga
boylari, a ve y-tokoferol, retinol, lutein ve likopen analizleri i¢in
sirasiyla 290 nm, 325 nm, 450 nm ve 475 nm olarak ayarlandi.

2.1. Istatistiksel analizler

Orneklem biiyiikliigii, PS tedavisi nedeniyle LDL-C diizeylerinde
beklenen %12'lik (0,54 mmol/l) farki tespit etmek i¢in 0,732
mmol/] standart sapma kullanilarak hesaplanmistir. Alfa ve gii¢
sirasiyla 0,05 ve 0,8 idi. Orneklem biiyiikliigii, blok biiytikligii
ve tahmini %10 erken katiimci ¢ekilme orani dikkate alinarak
belirlenmistir.

Tim veriler ortalama * SEM olarak sunulmustur. Tim
analizler ic¢in istatistiksel anlamhlik p < 0,05 olarak
belirlenmistir. istatistiksel analiz SPSS 16.0 (SPSS, Inc., Chicago,
IL, ABD) kullanilarak gerceklestirilmistir. Temel degiskenler 1
faktorliit AN-OVA kullanilarak analiz edildi. Tiim veriler i¢in, son
nokta degerleri d 28 ve 29'un ortalamalari olarak rapor
edilmistir. Son nokta, mutlak degisim ve yiizde degisim
degerleri, tedavi ve faz sabit faktorler, denek ise rastgele faktor
olarak modellenen varyans analizi (AN-OVA) ve ardindan
Dunnett coklu karsilastirma testi kullanilarak
karsilastirilmistir. Temel degerler, serum lipit 6l¢limleri i¢in
modelde kovaryanslar olarak eklendi. Plazma PS'yi ve serumda
yagda ¢oziinen vitaminleri ve karotenoidleri standartlastirmak
icin, her bir bilesigin serum konsantrasyonlari sirasiyla plazma
TC veya LDL-C konsantrasyonlarina boliinmiistiir.

3. Sonucglar
3.1. Denek 6zellikleri

Baslangicta 53 katilima segilmis, ancak 47 denek (25 erkek ve
22 kadin) denemenin tamamini tamamlamistir.

Denemeyi tamamlayamama nedenleri arasinda yogurt
tilketememe (n = 2), baska bir sehre tasinma (n = 1) ve Kkisisel
nedenler (n = 3) yer almaktadir. Calismayr tamamlayan
deneklerin temel 6zellikleri Tablo 3'te gosterilmektedir. Tiim
katilmcilar deneysel tedavilere iyi tolerans gosterdi ve
herhangi bir yan etki bildirilmedi. Denekler fiziksel aktivitede

herhangi bir degisiklik bildirmemis ve {i¢ tedavinin
uygulanmasindan sonra viicut agirhiginda onemli bir fark
gbozlemlenmemistir.

3.2. PS  tedavilerine
konsantrasyonlari

yanit  olarak  plazma  lipit

Her bir tedaviye verilen baslangi¢c ve son nokta plazma lipit
konsantrasyonu tepkileri Tablo 4'te gosterilmektedir.
Baslangicta, degerlendirilen lipid parametrelerinde ii¢ tedavi
arasinda 6énemli bir fark gézlenmemistir.

Bu calismada, WD-PS ve PS esterlerinin takviyesi serum
lipoprotein profillerini iyilestirmistir. Ozellikle, kontrol grubu
ile karsilastirildiginda, son nokta toplam kolesterol ve LDL
kolesterol diizeylerinde azalma (p < 0,001) gozlemlenmistir.
WD-PS ile zenginlestirilmis yogurt ve PS esterleri ile
zenginlestirilmis yogurt tiiketimi, kontrol {iirtiniine kiyasla
toplam kolesterol konsantrasyonlarini ortalama olarak %7,7 ve
%6,2 oraninda benzer sekilde diisiirmistiir (timi i¢in p <
0,001). Benzer sekilde, yogurtta WD-PS ve PS esterlerinin
tiiketimi, LDL kolesterolii ortalama olarak sirasiyla %11,7 ve
%11,6 oraninda diisiirmiistiir (tiim i¢cin p < 0,001) (Tablo 4). U¢
tedavide de son noktada HDL-C diizeylerinde herhangi bir
tedavi etkisi gozlemlenmemis olmakla birlikte, WD-PS
takviyesinde TC/HDL-C ve Non-HDL-C/HDL-C oranlarinda
kontrol grubuna kiyasla 6énemli azalmalar (sirasiyla %10,5,
%15,2, p < 0,05) gozlemlenmistir, ancak PS ester takviyesinde
béyle bir azalma gozlemlenmemistir (Tablo 4). Plazma TG
konsantrasyonlari, tedaviye bagh olarak son noktalar arasinda
farkliik gostermedi. Ancak tedavi siiresince, WD-PS ile
zenginlestirilmis yogurt tiiketimi nedeniyle TG diizeyleri
baslangi¢ degerine gore azalmistir (13,9%, p < 0,05), ancak PS
esterleri ile zenginlestirilmis yogurt ile karsilastirildiginda ve
kontrol grubu ile kargilastirildiginda bir azalma goériilmemistir
(Tablo 4). WD-PS'nin TG diizeyleri iizerindeki olumlu etkisi ile
baslangic TG konsantrasyonlar1 arasindaki potansiyel iliskiyi
incelemek icin daha ayrintil analizler yapilmistir. Plazma TG
diizeylerindeki azalmalar ile baslangic TG dolasimi arasinda
herhangi bir iliski bulunmamistir.

3.3. Tedaviye yanit olarak plazma karotenoid ve vitamin
diizeyi

Tablo 5, her asamanin sonunda yagda ¢6ziinen vitamin ve
karotenoid konsantrasyonlarini ve LDL-C diizeylerine gore
ifade edilen serum yagda ¢ozilinen vitamin ve karotenoid
konsantrasyonlarini goéstermektedir. Ne WD-PS ne de PS
esterleri gibi midahaleler, yagda ¢oziinen vitaminler veya
karotenoidler iizerinde herhangi bir etki géstermedi.

3.4. Tedavilere
konsantrasyonlart

yanit  olarak plazma  bitki  sterol

Plazma PS konsantrasyonlar1 ve TC'ye gore ifade edilen PS
sonunda

konsantrasyonlari, her Tablo 6'da

verilmistir.

asamanin




Tablo 3 - Deneklerin temel ozellikleri.

Degisken Ortalama SEM
Yas (y1l) 50 2,1
Cinsiyet —
Erkek 25 —
Kadin 22 —
Viicut Agir. (kg) 80,4 2,7
Boy (cm) 168,2 1,4
BMI (kg/m2) 28,2 0,7
Toplam kolesterol (mmol/l) 6,0 0,2
LDL-kolesterol (mmol/I) 3,8 0,2
HDL-kolesterol (mmol/I) 14 0,1
TG (mmol/l) 1,7 0,1
CRP (mg/l) 15 0,3
Kan basinct

Sistolik (mmHg) 121 2,4
Diyastolik (mmHg) 78 18
Karaciger enzimleri

AST (U/) 229 2,0
ALT (Ull) 38,2 4,7
LDH (U/l) 529,7 10,7
ALKP (U/1) 76,9 3,0
GGT (U/l) 374 34

Not: Degerler ortalama + SEM; N = 47.

ALKP, alkalen fosfataz; ALT, alanin aminotransferaz; AST, asparagin
aminotransferaz; GGT, g-glutamiltransferaz; LDH, laktat dehidrojenaz; CRP, C-
reaktif protein.

Plazma Kkonsantrasyonlarinda kampesterol ve [-sitosterol,
kontrol grubuna gore hem WD-PS hem de PS-esterlerde artis
gostermistir (p < 0,001). Benzer sekilde, TC diizeylerine gore
ayarlanan kampesterol ve {3-sitosterol u¢ noktalari, WD-PS ve
PS-ester asamalarinin her ikisinden sonra kontrol grubuna
kiyasla artis gostermistir (p < 0,001). WD-PS ile
zenginlestirilmis  yogurt tiiketildikten sonra plazma
stigmasterol diizeyleri kontrol yogurtuna kiyasla artis gosterdi
(p < 0,001). Benzer sekilde, kontrol grubuna kiyasla, WD-PS
fazinda, PS esterlerinde degil, son nokta ayarl stigmasterol/TC
oranlart artmistir (p < 0,05). WD-PS veya PS esterlerinin
kolesterol sentezi belirtegleri desmosterol ve lathosterol
tizerinde herhangi bir etkisi gozlemlenmemistir.

3.5.

AST, ALT, ALKP, GGT, LDH ve CRP dahil olmak iizere klinik
kimyasal parametreler analiz edildi (Tablo 7). Parametrelerde
farkhiliklar bulunsa da, bu farkhliklar klinik agidan 6nemli
degildi. Bu parametrelerin hicbirinde tedavi etkisi
gozlenmemistir.

Tedavinin bir fonksiyonu olarak klinik kimya 6lglimleri

4, Tartisma

Bu ¢alisma, yogurt bazl bir ortamda serbest sterollerin ve PS-
es-esterlerin ticari submikron dispersiyonlarinin etkinligini
karsilastiran ilk rapordur. iki farkli PS formiilasyonunun
karsilagtirmali degerlendirmesi, WD-PS ve PS esterlerinin
tiiketiminin, kontrol grubuna kiyasla plazma toplam ve LDL
kolesterol konsantrasyonlarinda benzer bir azalma sagladigini
gostermistir. Ayrica, WD-PS tiiketimi, katilimcilarin kan lipit
profilinin ek olarak optimize edilmesiyle de iliskilendirilmistir.
Daha spesifik olarak, WD-PS tiiketimi TC:HDL-C ve NHDL-
C:HDL-C oranlarini diisiiriirken, PS esterlerinin tiikketimi bu
oranlarin higbirinde etkili bir degisiklik yaratmamaistir. Ayrica,
WD-PS tiiketiminin PS-ester ile karsilastirildiginda dolagimdaki

TG seviyelerini diizenlemeye yardimci oldugu gosterilmistir.

Son analizler, gidalara eklenen serbest PS ve PS esterinin
kolesterol diisiiriicii etkisinin benzer oldugunu géstermis olsa
da (Abumweis ve digerleri, 2008; Demonty ve digerleri, 2009;
Katan ve digerleri, 2003), baz1 calismalarda PS tiiketiminin LDL-
C digiiriicti etkisinin azaldigl veya hi¢ olmadig1 goriilmiistiir
(Denke, 1995; Jones, Vanstone, Raeini-Sarjaz, & St-Onge, 2003).
Bu c¢alismalarda PS'nin etkinliginin olmamasi, kullanilan
preparatlarda PS'nin ¢6zilniirligiiniin azalmas1 ve kristal
sterollerin olusmasindan kaynaklanmis olabilir. Diizgilin
formiile edilmezse, PS saf ve saf olmayan formlarda safra icinde
kolayca ¢oziinmeyen, son derece kararh kristaller olusturur.
Hidrofilik hidroksil gruplari matrisin icinde hapsolur ve
¢ozlindiiriict sivilara erisemez, dolayisiyla kolesterol emilimini
azaltmaz (Ostlund ve digerleri, 1999).

Bu c¢alismada, WD-PS ile PS esterlerinin yeni
formiilasyonunun kolesterol distiriici etkisinin
karsilastirilabilir olmasi, her yeni PS formiilasyonunun uygun
bir sekilde ¢oziiniirligiliniin, etkinligin saglanmasi i¢in gerekli
oldugu goriisiinii desteklemektedir. Bu calismada WD-PS ve PS-
esterin plazma TC ve LDL-C konsantrasyonlarinda neden
oldugu azalmalarin biytkligl, cesitli arka plan diyetleriyle
birlikte 2-3 g/giin PS tiiketildigi literatiirde bildirilen
degisikliklerle karsilastirilabilir diizeydeydi.

Ayrica, WD-PS ile zenginlestirilmis yogurt tiiketimi, PS
esterleri ile  zenginlestirilmis yogurt tiketimi ile
karsilastirildiginda, kontrol grubuna gore TC/HDL-C ve
NHDL/HDL-C oranlarim1 etkili bir sekilde diisirmiistiir.
Aterojenik ve anti-aterojenik lipitlerin ve lipoproteinlerin
oranini birlestiren bir indeks olan TC/HDL-C orani, LDL-C
distiriicii tedavi goren hastalarda CVD riski i¢in terapdtik hedef
degere sahiptir (Kastelein ve digerleri, 2008; Ridker, Rifai, Cook,
Bradwin, & Buring, 2005) ve ayrica toplam kolesterol veya
herhangi bir tekil lipit 6l¢iimiinden daha iyi bir CVD olaylari
ongordiiriiciisii olarak kabul edilir (Assmann, Schulte, von
Eckard- stein, & Huang, 1996; Kinosian, Glick, Preiss, & Puder,
1995; Stampfer, Sacks, Salvini, Willett, & Hennekens, 1991).
Kiiresel kardiyovaskiiler risk degerlendirme kilavuzlarina gore,
LDL-C hedeflerine ulasmak, CVD icin birinci basamak tedavi
olmaya devam etmektedir. Bununla birlikte, TC/HDL-C orani ve
trigliserid diizeyleri de, CVD'nin birincil énlenmesi i¢in orta
riskli hastalar1 daha iyi siniflandirmak agisindan 6nemli olarak
tanimlanmaktadir (Genest et al., 2009).

PS tiiketimi geleneksel olarak TG diizeylerinin modiilasyonu
ile iliskili degildir. Ancak, daha yakin zamanda, o6zellikle
hipertrigliseridemisi olan kisilerde, bitki stanol takviyesi ile TG
dolasimi arasinda pozitif bir iliski oldugu tespit edilmistir
(Naumann, Plat, Kester, & Mensink, 2008; Plat, Brufau, Dallinga-
Thie, Dasselaar, & Mensink, 2009; Theuwissen, Plat, van der
Kallen, van Greevenbroek, & Mensink, 2009). Bitki stanol
tiiketimi ile TG diizeyleri arasindaki iliski, karacigerde TG
acisindan  zengin  VLDL-1  partikiillerinin  iiretiminin
azalmasindan kaynaklanmaktadir. Bu partikiiller, bazal TG
diizeyleri yiiksek olan kisilerde serum TG dolasiminda bj
azalma olarak daha kolay tespit edilebilir (Plat & S
2009; Theuwissen ve digerleri, 2009). Mevcut calismag
sliresi boyunca WD-PS ile zenginlestirilmis yogurt tj i
esterleri ile zenginlestirilmis yogurda kiyasla
diizeylerinde azalma ile iliskili bulunmustur (%13,9




Tablo 4 - Her tedavi asamasinin baslangicinda ve sonunda plazma lipit konsantrasyonlari.

Lipit degiskenleri Kontrol WD-PS yogurt PS-ester yogurt
Toplam kolesterol

Baglangi¢ (mmol/l) 5,85+0,15 5,98 +0,15 5,89 +0,14
Son (mmol/l) 6,04 +0,15 5,73 £0,13+ 5,72 £0,13+
Degisiklik (mmol/l) 0,20 + 0,08 -0,26 £ 0,07+ -0,18 +£0,08+
Degisiklik (%) 3,85+1,25 -3,85+£ 1,12+ -2,41 £1,35+
Kontrole gore degisiklik (%) -7,69 + 1,46 -6,25+ 1,93
LDL-Kolesterol

Baslangi¢ (mmol/1) 3,67+0,14 3,84+ 0,14 3,75 £0,13
Son (mmol/l) 3,82 +0,15 3,58 0,13+ 3,50 + 0,12+
Degisiklik (mmol/l) 0,17 + 0,08 -0,27 £ 0,06+ -0,25 £ 0,07~
Degisiklik (%) 5,542,1 -6,22 + 1,46~ -6,05+ 1,91~
Kontrole gore degisiklik (%) -11,72 £2,52 -11,56 £2,94
HDL dist kolesterol

Baslangi¢ (mmol/1) 4,40 +0,15 4,58 +£0,15 448 +£0,14
Son (mmol/l) 4,60 0,15 430+0,13 4,32 +0,13
Degisiklik (mmol/l) 0,20 + 0,09 -0,28 + 0,07 -0,17 £0,07
Degisiklik (%) 5,69 £1,96 -5,44 £ 1,42 -3,03 + 1,56+
Kontrole gore degisiklik (%) -11,13 £2,34 -8,72 £2,60
HDL-Kolesterol

Bagslangici (mmol/l) 1,44 £0,06 1,40 £ 0,05 1,41 £0,05
Son (mmol/l) 1,44 +0,05 1,43 + 0,05 1,40 + 0,05
Degisiklik (mmol/l) -0,01 + 0,04 0,03 + 0,02 -0,02 + 0,02
Degisiklik (%) 1,18 1,85 2,65+ 1,79 -0,05 + 1,58
Kontrole gore degisiklik (%) 2,66 £1,79 -0,04 £ 1,58
Triacilgliserol

Bagslangi¢ (mmol/1) 1,70 £0,12 1,68 +0,11 1,63 +£0,11
Son (mmol/l) 1,80 +0,13 1,62+0,12 1,80 +£0,13
Degisiklik (mmol/l) 0,09 + 0,09 -0,05 £ 0,05+ 0,17 + 0,06
Degisiklik (%) 13,16 +7,71 -0,76 + 3,40+~ 13,74 +4,49
Kontrole gore degisiklik (%) -13,92 + 8,63+ 0,58 £9,05
TC/HDL-C

Bagslangi¢ (mmol/1) 4,32 +0,19 4,50+0,18 441+0,17
Son (mmol/l) 4,46 +0,19 4,21+0,16+ 4,33 +0,18
Degisilik (mmol/l) 0,13 +0,11 -0,30 £ 0,09+ -0,09 + 0,06
Degisiklik (%) 5,16 +3,61 -5,39 £ 1,53+ -1,85+1,34
Kontrole gore degisiklik (%) -10,55 +3,75 -7,01 £3,97
NHDL/HDL-C

Bagslangi¢ (mmol/1) 3,32 40,19 3,5+0,18 341+0,17
Son (mmol/l) 3,46+0,19 321+0,16 3,32+0,18
Degisiklik (mmol/l) 0,13 +0,11 -0,29 £ 0,09+ 0,09 + 0,06
Degisiklik (%) 8,47 +5,83 -6,74 £ 1,94+ -2,36 £1,74
Kontrole gore degisiklik (%) -15,21 + 5,90 -10,82 +6,23

Not: Tedavi etkileri tek yonlit ANOVA ile incelendi. Degerler ortalama + SEM; N = 47.

Degisim ve yiizde degisim, bireysel verilere dayanmaktadir.
=P < 0.05 WD-PS ve PS esterlerinin kontrol ile karsilastirilmasi anlamlidir.
=P < 0.001 WD-PS ve PS esterlerinin kontrol ile karsilastirilmasi anlamlidir.

=N < 0.05 WD-PS ile PS esterlerin karsilagtirmasi 6nemlidir, ancak Kontrol ile karsilastirildiginda 6nemli degildir.

Ancak, plazma TG diizeylerindeki azalmalar ile baslangic TG
dolagimi arasinda herhangi bir iliski gbzlenmemistir. Ayrica,
yogurda serbest steroller ekleyen dnceki klinik calismalarda TG
diizeyleri lzerinde herhangi bir etki goériilmemistir
(Rudkowska ve digerleri, 2008b; Volpe ve digerleri, 2001).
Bilgimiz dahilinde, mevcut ¢alisma, serbest bitki sterollerinin
TG diizeyleri tzerinde olumlu bir etki gozlemleyen ilk
calismadir. WD-PS'nin etkisi ile baslangi¢ TG diizeyleri arasinda
bir iliski olmamasi, bitki sterol formiilasyonlarinin (bitki
stanolleri ile PS ve WD-PS ile PS esterleri) TG diisiiriicti etkisinin
potansiyel 6nemini de ortaya koyabilir. Bu hipotezi kanitlamak
icin daha fazla arastirma yapilmasi gerekebilir.

PS'nin uzun streli tiikketimi, plazma yagda ¢6ziinen vitamin
ve karotenoid konsantrasyonlarini azalttigl gosterilmistir
(Hansel ve digerleri, 2007; Law, 2000). Bu ¢alismada, WD-PS ve
PS-ester takviyesi, kontrol grubu ile karsilastirildiginda, LDL-C
diizeyleri ayarlandiktan dnce veya sonra yagda ¢6ziinen vitamin
veya karotenoid diizeylerini olumsuz etkilememistir. Mevcut
sonuglar, sterol (1,9 g/giin) veya stanol ester (1,8 g/giin) ile
zenginlestirilmis diyetlerin serum retinol, a- ve y-tokoferol,
vitamin D ve K konsantrasyonlar1 veya bunlarin ba g
degerlerine gore degisimi lizerinde hicbir etkisi_d nﬂa&ﬁr@(/
gosteren Raeini-Sarjaz, Ntanios, , Vanstone ve CQ}QJS.L('ZBQZS)O 4/6\
tarafindan elde edilen sonuglarla uyumludur. Q/Q'\'\ ~ >




Tablo 5 - Tedaviye yanit olarak son nokta plazma karotenoid ve vitamin diizeyleri.

Analit Kontrol WD-PS PS esterleri
Wk 4 Wk 4 Mutlak degisim Wk 4 Mutlak degisim

a-Tokoferol (umol/l) 63,87 +£2,64 62,66 +2,51 -1,22 £3,28 62,36 +4,11 -1,51 £3,28
a-Tokoferol-LDL (umol/mmol) 10,54 £ 0,43 10,9 £0,45 0,37 £0,51 10,79 +£ 0,63 0,25+0,51
y-Tokoferol (umol/l) 9,62 + 0,65 9,87 £0,72 0,25 +0,84 9,61 £0,41 -0,30 + 0,84
y-Tokoferol-LDL (umol/mmaol) 1,60 £0,11 1,73 £0,13 0,13 £0,13 1,62 +0,07 0,03 £0,13
Retinol( umol/l) 3,40+ 0,19 3,88+0,18 -0,02 +0,19 3,89 +£0,26 -0,00 £0,19
Retinol/LDL (xmol/mmol) 0,65 + 0,03 0,67 0,03 0,02 + 0,03 0,67 0,04 0,03 £ 0,03
Lutein (umol/l) 0,36 + 0,02 0,36+ 0,02 0,00 = 0,02 0,32 0,02 -0,04 +0,02
Lutein/LDL (umol/mmol) 0,06 = 0,00 0,06 = 000 0,00 = 0,00 0,06 = 0,00 -0,00 £ 0,00
pKaroten (umol/l) 0,63 0,07 0,62 + 0,05 -0,01 = 0,05 0,59 0,06 -0,04 +0,05
pKaroten/LDL (umol/mmol) 0,10+ 0,00 0,10 + 0,00 0,00 + 0,01 0,10+ 0,00 0,00 + 0,01
Likopen (umol/l) 0,69 + 0,05 0,62 + 0,04 -06 +0,07 0,63 +0,07 -0,06 + 0,07
Likopen/LDL (umol/mmol) 0,12 +0,00 0,11 +0,00 -0,01 +£0,01 0,11+0,01 0,01 +£0,01

Not: Degerler ortalama + SEM; N = 47.

Tedavi etkileri, li¢ farkli agamanin sonunda tek yonlit ANOVA (p < 0,05) ile incelenmistir. Her bir denek i¢in mutlak degisim su sekilde hesaplanmustir: [4. hafta

(WD-PS, PS-esterler)]-[4. hafta (kontrol)].

Tablo 6 - Her tedavi asamasinin sonunda plazma bitki sterol, stanol ve kolesterol 6ncii konsantrasyonlari.

Bitki sterol degiskenleri (umol/l)  gontrol WD-PS PS esterleri

WK 4 WK 4 Mutlak degisim WK 4 Mutlak degisim
Desmosterol 2,80+0,37 2,95+0,35 0,15 +0,33 3,06 0,29 0,26 +0,33
Brassicasterol 0,18+0,14 0,22 + 0,09 0,03 +0,15 0,19 +0,09 0,01 +£0,15
Lathosterol 3,69 0,36 4,03 £0,37 0,34 +0,27 3,86 £0,36 0,18 £0,27
kampesterol 6,47 £ 0,62 8,94 +£0,67 2,48 +£0,37 8,75 +0,37 2,25+ 0,37
Stigmasterol 0,11 +0,06 0,65+ 0,28 0,54 + 0,26~ 0,30 £0,15 0,18 £0,26
psitosterol 3,52 +£0,47 6,06 + 0,62 2,55 £ 0,46+ 5,51 £0,56 2,00 £ 0,46+
Stigmastanol 0,35+0,14 0,58 £ 0,46 0,23 +0,41 0,49 +0,33 0,14+ 0,41
Oranlar (zmol/mmol)
Desmosterol/kolesterol 0,46 + 0,06 0,51 +0,06 0,05 £ 0,06 0,54 +£0,05 0,07 £ 0,06
Brassicasterol/kolesterol 0,02 £ 0,02 0,04 + 0,02 0,13 £0,02 0,03 £ 0,02 0,01 £0,02
Lathosterol/kolesterol 0,61 = 0,06 0,70 +0,06 0,09 + 0,05 0,67 = 0,06 0,06 + 0,05
Kampesterol/kolesterol 1,07 £0,10 1,56 £0,12 0,49 + 0,06+ 1,53 £0,11 0,46 + 0,06+
Stigmasterol/kolesterol 0,02 + 0,01 0,12 + 0,05 0,10 0,05+ 0,06 + 0,03 0,04 + 0,05
psitosterol/kolesterol 0,58 +0,08 1,05+0,10 0,47 0,14+ 0,96 0,10 0,37 £ 0,13+
Stigmastanol/kolesterol 0,06 + 0,02 0,10+ 0,08 0,04 £ 0,07 0,08 £ 0,06 0,03 +0,07

Not: Degerler ortalama + SEM; N = 47.

Tedavi etkileri, ii¢ farkli agamanin sonunda tek yonlit ANOVA ile incelenmistir.
Her denek igin mutlak degisim asagidaki sekilde hesaplandi: Wk 4 (WD-PS, PS-esterler)]-[Wk 4 (kontrol)].
=p <0.001 kontrol grubu ile karsilastirildiginda.

*p < 0.05 kontrol grubu ile karsilastirildiginda.

Tablo 7 - Tedaviye yanit olarak karaciger fonksiyon testi parametreleri ve C-reaktif protein diizeyleri.

Parametreler Kontrol WD-PS PS esterleri
WK 4 Wk 4 Mutlak degisim Wk 4 Mutlak degisim
AST (Ul 20,6 + 1,33 225+1,72 1,9+1,30 213+148 0,7 +130
ALT (Un) 352 42,71 38,1 + 3,54 29+313 40,5 + 4,54 54+313
LDH (U/l) 504,5 + 7,96 509,7 +9,92 52+ 11,02 514,8+13,17 10,4 = 11,02
ALKP (U/1) 80,3 + 6,39 73,7+2,52 -6,6 + 6,93 72,8 +2,62 -7,5+6,93
GGT (U/l) 35,3+2,84 36,8 + 3,08 1,6 +1,51 36,6 +2,82 1.5+1,51
CRP (mg/l) 1,75+ 0,35 1,50 + 0,29 -0,26 + 0,44 1,60 +0,31 -0,15 + 0,44

Not: Tedavi etkileri tek yonliit ANOVA ile incelendi (p < 0,05). Degerler ortalama + SEM; N = 47.

ALKP, alkalen fosfataz; ALT, alanin aminotransferaz; AST, asparagin aminotransferaz

GGT, gama-glutamiltransferase; LDH, laktat dehidrojenaz; CRP, C-reaktif protein

Her denek i¢in mutlak degisim asagidaki sekilde hesaplandi: WK 4 (WD-PS, PS-esterler)]-[Wk 4 (kontrol)].




Benzer sekilde, Hallikainen and Uusitupa (1999) 2,3 g/giin
stanol esterlerin 8 haftalik tiiketiminden sonra serum retinol
konsantrasyonlarinda herhangi bir degisiklik olmadigini, ancak
serum [-karoten ve a-tokoferol konsantrasyonlarinda azalma
oldugunu bildirmistir. Bu nedenle, 2 g/giin WD-PS veya PS
esterleri dozunun diger plazma yagda ¢oziinen bilesenlerde
minimum azalma sagladig1 sonucuna varabiliriz.

Bu ¢alismada, PS ile zenginlestirilmis her iki yogurt tiiriiniin
(WD-PS ve PS-esterler) tiiketimi, plazma kam-pesterol ve
sitosterol diizeylerini artirmistir. Bu bulgu, PS aliminin
sitosterol ve kampesterol plazma konsantrasyonlarini sirasiyla
%20-100 ve %40-100 oraninda artirdigina dair mevcut
bilgilerle tutarlhidir (Derdemezis, Filippatos, Mikhailidis, &
Elisaf, 2010; Fransen ve digerleri, 2007; Jones ve digerleri,
2000). Ayrica, bu ¢calismada WD-PS veya PS-esterlerin tiiketimi,
kolesterol sentezinin plazma belirteclerinde herhangi bir artis
gostermedi. Bu sonuca benzer sekilde, Gremaud ve digerleri
(2002)  yag-su emiilsiyonunda lesitin ile ¢6ziindiiriilen
stanollerin kolesterol sentezinde karsilik gelen bir artis
olmaksizin kolesterol emilimini azalttigin1 gézlemlemistir.
Ancak, bu c¢alismada kolesterol sentezinde bir degisiklik
olmamasi, PS'nin margarin gibi geleneksel matrislere dahil
edildigi diger calismalarda (Fransen ve digerleri, 2007) gortilen
etkilerle c¢elismektedir. Kolesterol sentezindeki degisimin
biiytikliigiindeki fark, tiiketilen PS dozuna veya PS tiiketim
sikligina da bagh olabilir; her ikisi de kolesterol sentezini az
veya cok derecede degistirebilir (Rudkowska, Abu- Mweis,
Nicolle, & Jones, 2008a).

Ozetle, WD-PS ve PS-ester ile zenginlestirilmis yogurt,
plazma karaciger enzimlerini veya CRP konsantrasyonlarini
degistirmeden kan lipit profillerini olumlu yénde degistirmistir.
Bununla birlikte, PS esterleri ile zenginlestirilmis yogurtla
karsilastirildiginda, hiperkolesterolemik deneklerde WD-PS ile
zenginlestirilmis yogurt tiiketimi, toplam ve LDL kolesterolii
benzer sekilde diisiirmekle kalmamis, ayni zamanda
trigliseridleri ve TC/HDL-C oranmm da disirmistir. Bu
nedenle, ¢alismamiz, genel lipit seviyesi yonetimi agisindan,
geleneksel PS esterlerine kiyasla daha yiiksek ¢oziinirlikli
WD-PS formunun ek avantajlari olabilecegini desteklemektedir.

Tesekkiirler

Calismaya katilanlara ve Richardson Centre for Functional
Foods and Nutraceuticals'daki Khatima Khalloufi ve Haifeng
Yang dahil olmak iizere analitik teknisyenler olarak
yardimlarin1 esirgemeyen personele ve Kklinik koordinator
olarak yardimlarini esirgemeyen Kimberley Robinson'a
tesekkiir ederiz.

Yazarlarin sorumluluklari su sekildeydi: MAS, arastirmanin
yuritilmesinden, klinik ¢alismanin yonetiminden, veri
toplama, laboratuvar analizleri, istatistiksel analiz ve makalenin
yazilmasindan sorumluydu; SVH, deneklerin secilmesinden
sorumluydu ve klinik ¢alismanin yiiriitiilmesine, veri toplama
ve makalenin son halinin revizyonuna katkida bulundu; PJH],
bas arastirmaciydi ve projenin konsept ve tasarimindan, etik
onay icin basvurudan, finansal destek arayisindan ve makalenin
hazirlanmasina katkida bulunmaktan sorumluydu. Tiim
yazarlar makalenin son halini gézden gecirmis ve herhangi bir
¢ikar catismasi olmadigini beyan etmislerdir.
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While the cholesterol-lowering efficacy of plant sterols (PS) is known, issues surrounding
reduced PS solubility of some dietary formulations remain to be elucidated. This study
determined the efficacy of a water dispersible formulation of free plant sterols (WD-PS) ver-
sus plant sterol esters (PS-esters). Forty-seven mild-to-moderately hypercholesterolemic
individuals in a randomized, crossover study were provided for 4 wk with a single-dose
daily regimen of PS-enriched yogurt (2 g/d of PS from WD-PS or PS-esters) or placebo.
Yogurt enriched with WD-PS or PS-esters induced similar decreases in serum total (7.7%
and 6.3%, respectively) and LDL cholesterol levels (11.7% and 11.6%, respectively), as per-
centage relative to the control (p < 0.001; all). Ratios of total to HDL cholesterol and non-
HDL to HDL cholesterol decreased more (p < 0.05) with WD-PS (10.6% and 15.2%, respec-
tively) than with PS-esters (7.0% and 10.8%, respectively) compared with control. Consump-
tion of WD-PS reduced serum triglyceride levels (13.9%, p < 0.05) compared to consumption
of PS-esters (0.6%). Both WD-PS and PS-esters contributed effectively to LDL cholesterol
lowering, however, the formulation of WD-PS yield additional effects on preventing cardio-
vascular diseases by improving serum TG and the ratio of total to HDL cholesterol.

Trial registration (clinicaltrials.gov): NCT01478789.
© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

According to World Health Organization, cardiovascular dis-
eases (CVD) are the leading causes of death globally (WHO,

2011). The lowering of LDL cholesterol is central in the pre-
vention of CVD and can be achieved through dietary modifi-
cation and therapy (NCEF, 2001). Hence, due to the
established cholesterol-lowering effect of PS, several advisory
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interpretation of data, writing the report, or in the decision to submit the article for publication.
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bodies recommend intake of 2 g/day of PS as a component of
modified diet, to optimize blood lipid levels (American
Diabetes Association, 2008; Health Canada, 2010; NCEP,
2001). The major mechanism of action responsible for the
cholesterol-lowering property of PS is the inhibition of
intestinal cholesterol absorption (Trautwein et al., 2003). The
competitive solubilization between cholesterol and PS in bile
salt micelles purportedly decreases intestinal cholesterol
absorption and thus reduces circulating levels of cholesterol,
while partially increasing endogenous cholesterol biosynthe-
sis (Abumweis, Barake, & Jones, 2008). Since PS decrease
absorption of cholesterol, an important concern about PS
use is that PS may reduce absorption of fat-soluble vitamins
and carotenoids (Berger, Jones, & Abumweis, 2004; Law,
2000; Rudkowska, AbuMweis, Nicolle, & Jones, 2008b). How-
ever, results of different studies varied from no change in
fat-soluble antioxidants (De Jong et al., 2008; Korpela et al.,
2006; Thomsen, Hansen, Christiansen, Green, & Berger,
2004; Volpe et al., 2001), to a substantial decrease in tocoph-
erol and/or B-carotene (Clifton et al., 2004, Mensink, Ebbing,
Lindhout, Plat, & van Heugten, 2002; Noakes, Clifton, Doorn-
bos, & Trautwein, 2005; Richelle et al., 2004), or decrease only
in serum lutein and lycopene levels (Rudkowska et al., 2008b).

Owing to their chemical structure and poor solubility, PS
must be properly formulated to achieve optimal health bene-
fits. Indeed, PS possess crystalline properties, a high melting
point, and low solubility in water and fats which complicate
their incorporation into food matrices and limit their practi-
cal applications (Berger et al., 2004; Fornari, Torres, Torrelo,
Senorans, & Reglero, 2009). Traditionally, the most common
process is to convert PS to their esterified forms, with vegeta-
ble oil fatty acids, for subsequent integration into fat based
foods such as margarine and spreads (Fornari et al., 2009).
Furthermore, research in the nutraceutical industry has
shown that the solubility and bioactivity of PS can be greatly
enhanced by incorporating them within various emulsion-
based delivery systems (Gremaud et al, 2002; Lin et al,
2009; Meguro et al, 2001; Ostlund, Spilburg, & Stenson,
1999). In some studies, formulating free PS with lecithin
considerably reduced cholesterol absorption and circulating
LDL-C, while less effect was seen with PS in crystalline form
(Gremaud et al, 2002; Ostlund et al., 1999). Moreover, Lin
et al. (2009) indicated that natural phytosterol glycosides,
purified from soy lecithin, reduced cholesterol absorption by
37.6%, compared to the 30.6% reduction observed simulta-
neously with PS esters. Finally, the dose-dependent LDL-C-
lowering efficacy of PS was shown by Demonty et al. (2009)
in a meta-analysis of eighty-four trials, which confirmed that
the efficacy of PS had no link with various treatment charac-
teristics, including fat-based vs. non fat-based vehicles and/
or free-PS vs. PS-esters forms.

Similar to esters of PS, properly solubilized free sterols,
have been shown in some studies, but not all, to induce a sim-
ilar LDL-C-lowering effect when provided at the equivalent
free sterol dose (Richelle et al., 2004). Decreased solubility of
free PS, owing to the difficulty of formulating and delivering
these relatively insoluble substances is one of the main causes
for the inconsistency among the results of these studies
(Berger et al, 2004; Moreau, Whitaker, & Hicks, 2002).
Therefore, based on the importance of the form of PS in its

bioactivity and efficacy, each new formulation ought to be as-
sessed for value if they differ greatly from previously tested forms.

Therefore, the objective of this study was to examine the
effects of a new formulation of a water dispersible PS (WD-
PS) on serum lipids and fat soluble vitamins concentrations,
compared against a positive control conventional PS-esters
and placebo (vehicle only). In addition, safety parameters, de-
fined as reported adverse events and/or undesirable changes
in clinical chemistry parameters including liver enzymes,
were examined during the 4 wk of each phase of the study.
We hypothesized that WD-PS would be as effective as PS-es-
ters in lowering blood total cholesterol and LDL cholesterol
levels.

2. Materials and methods
2.1.  Treatment preparation

WD-PS (Nutrartis SA, Santiago, Chile) and PS-ester (Arboris
LLC, Savannah, GA, USA) are commercially available tall oil
derived sterol products with the 2 major components distrib-
uted approximately as 70-80% and 15% for beta-sitosterol and
campesterol by weight, respectively. The ester portion of the
PS-ester corresponds to vegetable oil fatty acids. It also con-
tains mixed tocopherols and ascorbyl palmitate as antioxi-
dants (3000 ppm). The composition and nutritional
information of WD-PS and PS-esters PS are shown in Tables
1 and 2.

The PS-ester was produced via esterification of pure free
sterols (Arboris LLC, Savannah, GA, USA) with food fatty acids
derived from edible vegetable oil. The food grade fatty acids
and sterocls were mixed and the combination was carried
out at elevated temperature, without using any chemical cat-
alyst. After the esterification, the excess free fatty acids were
removed using high vacuum distillation and the refined PS-
esters were cooled down. The WD-PS, sub-micron dispersion
of free sterols with the targeted composition and particle size
was prepared by Nutrartis S.A. (Santiago, Chile), using the pat-
ent application WO 2010/095067 25. Briefly, pure free sterols
(Arboris LLC, Savannah, GA, USA) were melted to form an
O/W (oil-water) emulsion of sterols in water and then cooled
down to form dispersion. Particle size of the dispersion was
determined using Horiba LA910 equipment giving an average
particle size of 400 nm with no particles detected under
100 nm.

Plain yogurt (4% Fat Milk, Dairyland, Saputo, Canada) was
used as a food carrier for both PS (WDPS and PS-esters) and
also as the control. PS-esters were melted (at 60 °C/3 min) in
a water bath (VWR 1227, San Diego, CA, USA) and then mixed
into yogurt through gentle agitation (3.37 g PS-esters added to
100 g yogurt). WD-PS was a stable, non-decanting, readily-dis-
persible phytosterol dispersion that did not require high shear
mixing or homogenization to be suitably formulated into food
products and was incorporated into the yogurt through gentle
agitation (20 g WD-PS added to 100 g yogurt). WD-PS and PS-
esters were flavored and suspended in yogurt in the metabolic
kitchen of the Richardson Centre for Functional Foods and
Nutraceuticals (2 g free plant sterol added to 100 g yogurt for
both treatments). No organoleptic differences were detected
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Table 1 - Composition of plant sterols.

Component % W/wW
WD-PS

Tall oil sterols 10.0
Vegetable oil fatty acids (Na + salts) 0.2
Polysorbate 0.3
Water 89.5
PS-esters

Tall oil sterols 62.0
Fatty acids 38.0

Note: WD-PS, water dispersible plant sterol; PS-esters, plant sterol
esters; W, weight.

Table 2 - Nutritional information of plant sterols per
100 g yogurt.

Component WD-PS PS-esters
Energy (kcal) 0.60 11.06
Total fat (g) 0.05 1172
Saturated fat (g) - 0.08
Trans fatty acids (g) - 0.02
Monounsaturated fat (g) 0.04 0.79
Polyunsaturated fat (g) - 0.28
Nitrogen-free extract (g) 0.04 -

Plant sterols (g) 2.00 2.00

Note: WD-PS, water dispersible plant sterol; PS-esters, plant sterol
esters.

between the PS-enriched (WD-PS and PS-esters) and the
placebo yogurts.

2.2.  Study population

Individual men and women with above optimal serum LDL
cholesterol concentrations were recruited in the Winnipeg
metropolitan area by advertisements in newspapers. Poten-
tial study volunteers were initially screened by questionnaire
regarding personal health information, medical conditions,
and disease history. If subjects were determined to be poten-
tially eligible, they underwent blood screening at the first visit
where fasting blood was taken to test for general lipid profile
including TC, HDL-C, LDL-C, and TG levels. Inclusion criteria
included baseline LDL-C above 2.8mmol/l, TG below
4.5 mmol/l, a body mass index (BMI) between 20 and 30kg/
m?, and age 19-75 yr. Volunteers were excluded if they took
statins, nicotinic acid, or fibrates. Subjects who were diag-
nosed to have diabetes mellitus, sitosterolemia, heart disease,
liver disease, kidney disease, or who had recently undergone
major surgery were also excluded from the study. This study
was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human
subjects were approved by the Biomedical Research Ethics
Board at University of Manitoba. Written informed consent
was obtained from all subjects.

2.3.  Experimental protocol

Fifty-three participants (19-75 yr) were recruited. The study
was a free-living, randomized, crossover trial consisting of

three 29 d treatment phases each separated by 4 wk washout
intervals. Subjects were assigned to receive the treatments,
WD-PS-enriched yogurt, PS-esters-enriched yogurt, or yogurt
without PS (placebo), in a random order. During each treat-
ment period subjects were instructed to follow their normal
diet and consume their standardized supper meal at RCFFN
followed by ingestion the treatment, under supervision on a
daily basis to monitor compliance.

2.4.  Blood sampling and analysis

Twelve-hour fasting blood samples were collected ond 1, 2, 28
and 29 of each of the 3 phases of the trial. Blood samples ob-
tained on d 1 and 2 were used to measure baseline values for
different study measurements, whereas blood samples ob-
tained on the 2 last days were used to measure final values.
Blood samples were collected and centrifuged for 20 min at
3000g. The separated aliquots were frozen at —80 °C until anal-
ysis. Plasma TC, TG, HDL-C, and liver enzymes (AST, ALT, LDH,
ALKP, GGT) levels were analyzed using a VITROS 350 chemistry
autoanalyser (Ortho-Clinical Diagnostics, Markham, ON, Can-
ada). Plasma LDL-C concentrations were calculated using the
Friedewald equation (Friedewald, Levy, & Fredrickson, 1972).
Plasma CRP was analyzed using an Adiva 1800 clinical chemis-
try system (Siemens Healthcare Diagnostic INC, ON, Canada).
25. Plasma cholesterol precursor and plant sterol
analyses

Plant sterols and precursor sterols concentrations in serum
were measured using gas chromatography GC (Bruker 430;
Billerica, MA, USA) based on previously established methods
(Jones et al., 2005). Briefly, 5a-cholestane as an internal stan-
dard (Sigma-Aldrich Canada Ltd, Oakville, ON, Canada) was
added to each plasma sample (100 pug/0.5 ml plasma). Samples
were saponified with 0.5 M methanol-KOH for 2 h at 100 °C,
and the unsaponifiable portion extracted with petroleum
ether. The extracted non-saponifiable materials were used
to determine PS concentration levels. Samples were deriva-
tized with 500 pl TMS reagent (pyridine-hexamethyldisilaz-
ane-trimethylchlorosilane; 9:3:1) (Jones et al, 2005). After
preparation samples were injected into the GC equipped with
a flame ionization detector and an auto-injector system. Sep-
aration was achieved on a 30 m capillary column with an
internal diameter of 0.25 mm and film thickness of 0.25 um
(SAC-5, Supelco, Sigma-Aldrich Canada Ltd., Oakville, ON,
Canada). The column temperature was initiated at 130 °C for
2 min. The temperature was then increased to 270°C (rate:
30°C/min) for 10 min and was augmented again to 290°C
(rate: 10 °C/min). After 8 min the temperature was increased
to 310 °C (rate: 20 °C/min) for 2 min, (total time was 30 min).
The injector and detector temperatures were set at 295°C
and 300 °C, respectively. The carrier gas (helium) flow rate
was set for 1 ml/min with the inlet splitter set at 100:1. Peaks
of interest were identified using authentic standards (Sigma-
Aldrich Canada Ltd, Oakville, ON, Canada).

Cholesterol synthesis was assessed based on the previ-
ously established surrogate method (Jones et al., 2005; Mackay
& Jones, 2011). Briefly, the ratio of absolute amount of lathos-
terol to cholesterol (pmol/mmol of cholesterol) was used to
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determine cholesterol biosynthesis (Miettinen, Strandberg, &
Gylling, 2000; Simonen, Gylling, & Miettinen, 2008; Vanstone
& Jones, 2004).

2.6.  Plasma fat-soluble vitamin and carotenoid analyses

An isocratic high-performance liquid chromatography HPLC
(1100 HPLC, Agilent Technologies, Palo Alto, CA, USA) with
UV-VIS spectrophotometer detector (SPD-6A) was used
for simultaneous determination of plasma u-tocopherol,
y-tocopherol, retinol, lutein, lycopene, and p-carotene. The
extraction procedure was as described by Gueguen, Her-
beth, Siest, and Leroy (2002). In brief, an internal standard
(Sigma-Aldrich, St. Louis, MO, USA), a solution of retinol
acetate and B-apo-8'-carotenal in methanol was added to
200ul serum to quantify vitamin and carotenocid levels,
respectively. Serum samples were deproteinized with etha-
nol and extracted twice with hexane. Duplicates of each
sample were prepared, then resulting extracts injected
onto a C18 reversed-phase column (30cmx3.9mm id)
(Zorbax EclipseXDB, Agilent Technologies, Palo Alto, CA,
USA) with column guard eluted with methanol-acetoni-
trile-tetrahydrofuran (75:20:5, v/v/v). The flow rate was set
at 1.0 ml/min. Full elution of all the analytes was realized
isocratically within 38 min. The detection wavelengths
were set at 290 nm, 325nm, 450 nm, and 475nm for «
and y-tocopherol, retinol, lutein and lycopene analyses,
respectively.

2.7.  Statistical analyses

The sample size was calculated to detect an anticipated dif-
ference in LDL-C levels due to PS treatment of 12%
(0.54 mmol/l) using a standard deviation of 0.732 mmol/l
The alpha and power were 0.05 and 0.8, respectively. The
sample size was determined taking into account the block
size and an estimated 10% premature subject withdrawal
rate.

All data are presented as mean + SEM. Statistical signifi-
cance was set at p < 0.05 for all the analyses. Statistical anal-
ysis was performed using SPSS 16.0 (SPSS, Inc., Chicago, IL,
USA). Baseline variables were analyzed by using 1-factor AN-
OVA. For all data, endpoint values were reported as averages
of d 28 and 29. Endpoint, absolute change, and percentage
change values were compared using analysis of variance (AN-
OVA) followed by a Dunnett’s multiple comparison test, with
treatment and phase as fixed factors, and subject as a random
factor in the model. Baseline values were inserted into the
model as covariates for serum lipid measurements. To stan-
dardize plasma PS, as well as serum fat-soluble vitamins
and carotenoids, serum concentrations of each compound
were divided by plasma TC or LDL-C concentrations,
respectively.

3. Results
3.1.  Subject characteristics

Fifty-three participants were initially recruited while 47 sub-
jects (25 males and 22 females) completed the entire trial.

Inability to complete the trial included not being able to con-
sume yogurt (n = 2), relocation to another city (n = 1), and per-
sonal reasons (n = 3). Baseline characteristics of the subjects
who completed the study are shown in Table 3. All partici-
pants exhibited good tolerance to the experimental treat-
ments and no side effects were reported. Subjects reported
no change in physical activity, and no significant differences
were observed in body weight after the consumption of the
three treatments.

3.2. Plasma lipid concentrations in response to PS
treatments

Baseline and endpoint plasma lipid concentration responses
to each treatment are shown in Table 4. No significant differ-
ences at baseline among the three treatments in any of the li-
pid parameters assessed were observed.

In the present study, supplementation of both WD-PS and
PS-esters improved serum lipoprotein profiles. In particular,
reductions (p < 0.001) were observed in endpoint total choles-
terol and LDL cholesterol levels compared with control.
Consumption of the WD-PS-enriched yogurt and PS
esters-enriched yogurt similarly lowered (p < 0.001 for all) to-
tal cholesterol concentrations on average by 7.7% and 6.2%,
respectively, compared with the control product. Likewise,
consumption of WD-PS and PS-esters in yogurt lowered
(p<0.001 for all) LDL-cholesterol on average by 11.7% and
11.6%, respectively (Table 4). Although no treatment effects
were observed in HDL-C levels at endpoint across the three
treatments, ratios of TC to HDL-C and Non-HDL-C to HDL-C
showed significant reductions (10.5%, 15.2%, p < 0.05, respec-
tively) for the supplementation of WD-PS, but not for supple-
mentation of the PS-esters compared to control (Table 4).
Plasma TG concentrations did not differ as a function of treat-
ment between endpoints. Over the treatment period, how-
ever, TG levels were reduced (13.9%, p < 0.05) from baseline
due to consumption of WD-PS-enriched yogurt, compared to
PS-esters-enriched yogurt, but not compared to control (Ta-
ble 4). Further analysis was done to examine the potential
relationship between positive effect of WD-PS on TG levels
and baseline TG concentrations. There was no relationship
between the reductions in plasma TG levels with the baseline
TG circulations.

3.3.  Plasma carotenoid and vitamin level in response to
treatment

Table 5 provides the fat-soluble vitamin and carotenoid con-
centrations at the end of each phase, as well as the serum
fat-soluble vitamin and carotenoid concentrations, expressed
relative to LDL-C levels. Neither intervention, WD-PS and/or

PS-esters, had an effect on fat-soluble vitamins or
carotenoids.
3.4. Plasma plant sterol concentrations in response to
treatments

Plasma PS concentrations and PS concentrations expressed
relative to TC are provided in Table 6 at the end of each phase.
Plasma concentrations of campesterol and p-sitosterol were
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Table 3 - Baseline characteristic of subjects.

Variable Mean SEM
Age (yr) 50 21
Sex -
Male 25 -
Female 22 -
Body wt (kg) 80.4 27
Height (cm) 168.2 14
BMI (kg/m?) 28.2 0.7
Total cholesterol (mmol/I) 6.0 0.2
LDL-cholesterol (mmoal/l) 3.8 0.2
HDL-cholesterol (mmol/1) 14 0.1
TG (mmol/l) 17 01
CRP (mg/l) 15 03
Blood pressure

Systolic (mmHg) 121 24
Diastolic (mmHg) 78 18
Liver enzymes

AST (UN) 229 20
ALT (U/]) 38.2 4.7
LDH (U/1) 529.7 10.7
ALKP (UN) 76.9 3.0
GGT (U/l) 37.4 34

Note: Values are mean + SEM; N =47.

ALKP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
asparagine aminotransferase; GGT, g-glutamyltransferase; LDH,
lactate dehydrogenase; CRP, C-reactive protein.

increased (p < 0.001) for both WD-PS and PS-esters relative to
control. Similarly, endpoints adjusted campesterol and
B-sitosterol by TC levels were increased (p < 0.001) after both
the WD-PS and PS-esters phases, compared to control. Plas-
ma stigmasterol levels increased (p <0.001) after consump-
tion of the WD-PS-enriched yogurt compared to control
yogurt. Likewise, the endpoint adjusted stigmasterol, to TC
ratios, were increased (p < 0.05) for WD-PS phase, not for PS-
esters, compared to control. No effects of WD-PS or PS-esters
were observed on the cholesterol synthesis markers desmos-
terol and lathosterol.

3.5.  Clinical chemistry measures as a function of
treatment

Clinical chemical parameters were analyzed including AST,
ALT, ALKP, GGT, LDH, and CRP (Table 7). Although variations
were found in the parameters, these differences were of no
clinical significance. No treatment effect was observed with
any of these parameters.

4, Discussion

The present study is the first report comparing the efficacy of
a commercial sub-micron dispersion of free sterols and PS-es-
ters within a yogurt-based medium. This head to head com-
parison between two different formulations of PS showed
that consumption of both WD-PS and PS-esters resulted in a
similar reduction of plasma total and LDL-cholesterol concen-
trations, compared to control. Moreover, consumption of WD-
PS was associated with additionally optimizing the blood lipid
profile of the participants. More specifically, consumption of

WD-PS lowered ratios of TC:HDL-C and also NHDL-C:HDL-C
while consumption of PS-esters did not effectively alter either
of these ratios. In addition, it was shown that consumption of
WD-PS helped to regulate circulating TG levels compared to
PS-ester.

Although recent analysis demonstrated that free PS and
PS-ester incorporated into foods have similar cholesterol low-
ering action (Abumweis et al., 2008; Demonty et al., 2009; Ka-
tan et al.,, 2003), in some studies consumption of PS showed
reduced or no LDL-C lowering effect (Denke, 1995; Jones, Van-
stone, Raeini-Sarjaz, & St-Onge, 2003). The lack of efficacy of
PS in these studies may have been caused by the reduced
PS solubility and formation of crystalline sterols in the prep-
arations used. If not properly formulated, PS form highly sta-
ble crystals in which are not readily soluble in bile, the
hydrophilic hydroxyl groups are requisitioned inside the ma-
trix and are not available to solubilizing fluids, hence do not
reduce cholesterol absorption (Ostlund et al., 1999).

In present study, the comparable cholesterol lowering ef-
fect of new formulation of WD-PS with PS-esters supports
the notion that proper solubilization of every new PS formu-
lations is essential for proper efficacy. The magnitude of the
WD-PS and PS-ester induced reductions in plasma TC and
LDL-C concentrations, found in the present study, were com-
parable with the changes reported in the literature in which
2-3 g/d PS was consumed in conjunction with various back-
ground diets.

In addition, consumption of WD-PS-enriched yogurt, but
not PS-esters-enriched yogurt, effectively lowered TC/HDL-C
and NHDL/HDL-C ratios, compared to control. The ratio of
TC/HDL-C as an index combining the proportion of
atherogenic to anti-atherogenic lipids and lipoproteins, has
therapeutic target value for CVD risk in patients on
LDL-C-lowering therapy (Kastelein et al., 2008; Ridker, Rifai,
Cook, Bradwin, & Buring, 2005) and also considers as a better
predictor of CVD events than is total cholesterol or any
individual lipid measurement (Assmann, Schulte, von Eckard-
stein, & Huang, 1996; Kinosian, Glick, Preiss, & Puder, 1995;
Stampfer, Sacks, Salvini, Willett, & Hennekens, 1991). Accord-
ing to the global cardiovascular risk assessment guidelines
reaching LDL-C goals remains to be the first line therapy for
CVD, however, TC/HDL-C ratio and triglyceride levels are also
defined as important to better stratify intermediate risk pa-
tients for primary prevention of CVD (Genest et al., 2009).

Consumption of PS is not traditionally allied with modula-
tion of TG levels. However, more recently, a positive relation-
ship between supplementation of plant stanol and TG
circulation was established, especially in individuals with
hypertriglyceridemia (Naumann, Plat, Kester, & Mensink,
2008; Plat, Brufau, Dallinga-Thie, Dasselaar, & Mensink,
2009; Theuwissen, Plat, van der Kallen, van Greevenbroek, &
Mensink, 2009). The relationship between plant stanol con-
sumption and TG levels origins from a cutback in the hepatic
production of large TG-rich VLDL-1 particles which may be
more voluntarily detected as a reduction in serum TG circula-
tions in individuals with baseline elevated TG levels (Plat &
Mensink, 2008; Theuwissen et al., 2009). In the current study,
over the treatment period, consumption of WD-PS-enriched
yogurt was associated with a reduction in plasma TG levels
compared to PS-esters-enriched yogurt (13.9%, p<0.05).
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Table 4 - Plasma lipid concentrations at the baseline and endpoint of each treatment phases.

Lipid variables Control WD-PS yogurt PS-esters yogurt
Total cholesterol

Start (mmol/T) 5.85x0.15 5.98 +0.15 5.89x 014
End (mmol/1) 604015 573013 572:013"
Change (mmol/l) 0.20 £ 0.08 —-0.26 +0.07~ —0.18=+ 0.08™
Change (%) 385125 -3.85x112" -241x135
Change relative to control (%) -7.69+146 -6.25+ 193
LDL-Cholesterol

Start (mmoal/]) 367014 3.84+014 375013
End (mmol/l) 3.82x015 3.58+013" 350z 0.12"
Change (mmol/1) 0.17 £ 0.08 —0.27 +0.06 —0.25+ 0.07
Change (%) 55221 -6.22+146 -6.05+191"
Change relative to control (%) —11.72+£252 —1156+ 294
Non-HDL Cholesterol

Start (mmol/T) 440+ 0.15 4.58 +0.15 448 + 0.14
End (mmol/T) 460+ 0.15 4.30+0.13 432+ 013
Change (mmol/1) 0.20+ 0.09 —0.28 + 0.07 —-0.17 = 0.07
Change (%) 569+ 196 —5.44+147" 303+ 156
Change relative to control (%) —11.13+£234 —872= 260
HDL-Cholesterol

Start(mmol/1) 1.44 =+ 0.06 1.40 +0.05 141005
End(mmaol/l) 1.44 s 005 1.43 +0.05 1.40 = 0,05
Change (mmol/1) -0.01=z0.04 0.03 £ 0.02 —0.02 = 0.02
Change (%) 118 185 265:1739 —-0.05+ 1.58
Change relative to control (%) 266 +179 =0.04 = 1.58
Triacylglycerol

Start (mmaol/l) 170+ 012 168011 163x011
End (mmol/T) 1.80+0.13 1.62 +0.12 1.80+0.13
Change (mmol/1) 0.09 + 0.09 —0.05£0.05 0.17 + 0.06
Change (%) 13162 7.71 —0.76 +3.40" 13.74 + 4.49
Change relative to control (%) -13.92 +B63 0.58+ 9.05
TG/HDL-C

Start (mmol/T) 432+019 450 +0.18 441+ 017
End (mmol/1) 446+ 019 421:016 4331018
Change(mmal/l) 0.13:011 —0.30 £0.09" —0.09 = 0.0&
Change (%) 5162 3.61 -5.39+153 -185:134
Change relative to control (%) -10.55 £3.75 -7.01x3.97
NHDL/HDL-C

Start (mmal/]) 332:019 35+018 341017
End (mmol/l) 346019 3.21+0.16 332z 018
Change (mmol/T) 013:011 -0.29+0.09" 0.09 £ 0.06
Change (%) 847+ 583 -6.74+194 —236+174
Change relative to control (%) —15.21 £590 -10.82:6.23

Note: Treatment effects were examined by one-way ANOVA. Values are mean + SEM; N =47.

Change and percentage change are based on individual data.

" p<0.05 Comparison of WD-P5 and PS-esters with Control are significant.
" p<0.001 Comparison of WD-PS and PS-esters with Control are significant.
™" p < 0.05 Comparisen of WD-PS with PS-esters is significant, but not significant from Control.

However, no relationship was observed between the reduc-
tions in plasma TG levels with the baseline TG circulations.
Moreover, previous clinical trials incorporating free sterols
in yogurt found no effect on TG levels (Rudkowska et al,
2008b; Velpe et al., 2001). To the best of our knowledge, the
current study is the first study observing a positive effect of
intake of free plant sterols on TG levels. The fact that there
was no relationship between the effect of WD-PS and baseline
TG levels might imply the potential importance of formula-
tions of plant sterol (plant stanols vs. PS as well as WD-PS

vs. PS-esters) also on their possible TG lowering efficacy. Fur-
ther studies may need to prove this hypothesis.

Long term consumption of PS has shown to decrease
plasma fat soluble vitamins and carotenoid concentrations
(Hansel et al., 2007; Law, 2000). In the present study, supple-
mentation of WD-PS and PS-ester did not adversely influence
fat soluble vitamin or carotenoid levels before or after adjust-
ment for LDL-C levels, as compared to control. The present re-
sults are in agreement with those of Raeini-Sarjaz, Ntanios,
Vanstone, and Jones (2002) who showed no effect of sterol
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Table 5 - Endpoint plasma carotenoid and vitamin levels in response to treatment.

Analyte Control WD-PS PS-esters
Wk 4 Wk 4 Absolute change Wk 4 Absolute change

a-Tocopherol (umol/l) 63.87 + 2.64 6266+ 251 -1.22+328 6236411 -151+3.28
a-Tocopherol-LDL (ymol/mmeol) 10.54 £ 0.43 10.9 + 0.45 0.37 £ 051 10.79 = 0.63 0.25+0.51
y-Tocopherol (pmol/1) 9.62 +0.65 9.87 +0.72 0.25 + 0.84 9.61+0.41 —0.30 +0.84
y-Tocopherol/LDL (umol/mmol) 160+0.11 1.73+0.13 0.13+0.13 1.62 +0.07 0.03 +0.13
Retinol(umol/1) 340+ 0.19 3BE+0.18 —-0.02+0.19 3.89+0.26 -0.00+0.19
Retinol/LDL (umol/mmol) 0.65 +0.03 067 +0.03 0.02 + 0.03 0.67 = 0.04 0.03 + 0.03
Lutein (pmol/1) 0.36 £0.02 0.36 = 0.02 0.00 = 0.02 0.32 £ 0.02 —0.04 £ 0.02
Lutein/LDL (umol/mmol) 0.06 +0.00 0.06 + 000 0.00+ 0.00 0.06 = 0.00 —0.00 + 0.00
p.Carotene (umol/T) 0.63 +0.07 0.62 + 0.05 =0.01 £ 0.05 0.59 + 0.06 -0.04 + 0.05
p.Carotene/LDL (pmol/mmol) 0.10+0.00 0.10+0.00 0.00+ 001 0.10 = 0.00 0.00 + 0.01
Lycopene (umol/l) 0.69 + 0.05 0.62+0.04 —06 £ 0.07 0.63 = 0.07 —0.06 + 0.07
Lycopene/LDL (pmol/mmol) 0.12 +0.00 0.11+0.00 -0.01=0.01 0.110.01 0.01 £ 0.01

Note: Values are mean + SEM; N = 47.

Treatment effects were examined at the end of the three different phases by one-way ANOVA (p < 0.05).Absolute change was calculated for
each subject as follow: [Wk 4 (WD-PS, PS-esters)]-[Wk 4 (control)].

Table 6 - Plasma plant sterol, stanol, and cholesterol precursor concentrations at the end of each treatment phases.

Plant sterol variables (pmol/I) Control WD-PS PS-esters

WK 4 WK 4 Absolute change WK 4 Absolute change
Desmosterol 280+037 295+ 035 015+ 033 3.06 +0.29 0.26 = 0.33
Brassicasterol 0.18+0.14 0.22 + 0.09 0.03 +0.15 0.19 + 0.09 0.01 =015
Lathosterol 369+036 403 £ 037 0.34 +£0.27 3.86 +0.36 0.18 = 0.27
Campesterol 6.47 = 0.62 8.94 = 0.67 248037 8.75=0.37 225037
Stigmasterol 0.11 + 0.06 0.65+0.28 054+ 0.26 0.30 £0.15 0.18 + 0.26
B sitosterol 3.52 + 0.47 6.06 + 0.62 255+ 046 551 +0.56 2.00+ 046
Stigmastanol 035+014 0.58 + 0.46 0.23+041 0.49 +0.33 0.14 = 0.41
Ratios (umol/mmol)
Desmosterol/cholesterol 0.46 + 0.06 0.51 + 0.06 0.05 + 0.06 0.54 £ 0.05 0.07 = 0.06
Brassicasterol/cholesterol 0.02 +0.02 0.04 + 0.02 0.13 +0.02 0.03 £ 0.02 0.01 = 0.02
Lathosterol/cholesterol 0.61 +0.06 0.70 + 0.06 0.09 +0.05 0.67 +0.06 0.06 + 0.05
Campesterol/cholesterol 1.07 £ 0.10 156+ 012 0.49+0.06~ 153011 046+ 0.06~
Stigmasterol/cholesterol 0.02+0.01 0.12 + 0.05 0.10 = 0.05° 0.06 £ 0.03 0.04 + 0.05
p sitosterol/cholesterol 0.58 +0.08 1.05+0.10 047 +0.14" 0.96 +0.10 037013
Stigmastanol/cholesterol 0.06 +0.02 0.10 + 0.08 0.04 + 0.07 0.08 + 0.06 0.03 + 0.07

Mote: Values are mean = SEM; N = 47.

Treatment effects were examined at the end of the three different phases by one-way ANOVA.
Absolute change was calculated for each subject as follow: Wk 4 (WD-PS, PS-esters)]-[Wk 4 (control)].

" p <0.001 compared with the control.
" p<0.05 compared with control.

Table 7 - Liver function test parameters and C-reactive protein levels in response to treatment.

Parameters Control WD-PS PS-esters
Wk 4 Wk 4 Absolute change Wk 4 Absolute change

AST (U/]) 206=133 225+172 19+130 213+148 0.7 +1.30

ALT (U/]) 3522271 381+354 29+313 405+ 454 5.4+313

LDH (U/l) 504.5= 7.96 509.7 +9.92 5.2+1102 5148+ 1317 104 +11.02
ALKP (U/fl) 803+ 6.39 73.7+252 -6.6+693 7281262 ~-7.5+693

GGT (Ufl) 3532284 36.8+3.08 16+151 36.6+2.82 15+151

CRP (mg/l) 175035 1.50+0.29 -0.26 +0.44 160+0.31 -0.15+0.44

Note: Treatment effects were examined by one-way ANOVA (p < 0.05). Values are mean + SEM; N=47.
ALKP, alkaline phosphatase; ALT, alanine aminotransferase; AST, asparagine aminotransferase
GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; CRF, C-reactive protein

Absolute change was calculated for each subject as follow: WK 4 (WD-PS, PS-esters)]-[Wk 4 (control)].
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(1.9 g/d) or stanol ester (1.8 g/d) enriched diets on serum reti-
nol, x- and y-tocopherol, vitamin D and K concentrations, or
their change relative to baseline. Similarly, Hallikainen and
Uusitupa (1999) reported no changes in serum retinol concen-
trations after 8 wk of consumption of 2.3 g/d stanol esters,
while serum [-carotene and =-tocopherol concentrations
were reduced. Therefore, we can conclude that the 2-g/d dose
of WD-PS or PS-esters appears to provide minimal reductions
in other plasma fat-soluble components.

In the present study, consumption of both forms of PS—en-
riched yogurt (WD-PS and PS-esters) increased plasma cam-
pesterol and sitosterol levels. This finding is consistent with
existing knowledge that an increase in PS intake promotes
plasma concentrations of sitosterol and campesterol by 20—
100% and 40-100%, respectively (Derdemezis, Filippatos,
Mikhailidis, & Elisaf, 2010; Fransen et al., 2007; Jones et al,,
2000). Furthermore, in the present study consumption of
WD-PS or PS-esters showed no increase in plasma markers
of cholesterol synthesis. Similar to this result, Gremaud
et al. (2002) observed that lecithin-solubilized stanols, in an
oil-water emulsion, decreased cholesterol absorption without
a corresponding increase in cholesterol synthesis. The lack of
change in cholesterol synthesis, as in this present study, how-
ever, is in contrast with the effects seen in other study
(Fransen et al, 2007) where PS5 was incorporated into
traditional matrices, such as margarine. The difference in
magnitude of the change in cholesterol synthesis may also
be due to the dose of PS consumed or to the frequency of PS
consumption, either of which could potentially alter choles-
terol synthesis to a greater or lesser degree (Rudkowska, Abu-
Mweis, Nicolle, & Jones, 2008a).

In summary, both WD-PS and PS-ester-enriched yogurt
favorably modified blood lipid profiles without altering plas-
ma liver enzymes or CRP concentrations. However, in com-
parison with PS-esters-enriched yogurt, consumption of
WD-PS-enriched yogurt, in hypercholesterolemic subjects,
not only similarly decreased total and LDL cholesterol but
also decreased triglycerides and TC/HDL-C ratio. Hence, our
study supports the fact that there may be added advantages
of a more highly solubilized WD-PS form over traditional
PS-esters in terms of overall lipid level management.
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