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감감감사사사의의의 글글글

  지난 2년 동안 대학원의 생활은 제 자신의 발전을 위해 값진 것들을 배우고 느

낄 수 있었던 소중한 시간이었습니다. 부족하나마 논문이 완성되기까지 따뜻한 격

려를 주신 많은 분들께 지면을 통해 그 감사의 마음을 전합니다. 

  무엇보다 대학원 생활을 잘 마칠 수 있도록 따뜻한 격려와 관심, 사랑을 주신 

아빠와 다 큰 딸에게 아침마다 사랑의 도시락을 싸주신 엄마께 진심으로 존경과 

사랑의 마음을 전합니다. 누나에게 아낌없는 조언으로 든든한 버팀목이 되어준 듬

직한 나의 동생 태근이에게도 고마움과 사랑의 마음을 전합니다. 내 생애 최고의 

선물인, 세상 누구보다 소중한 가족에게 사랑의 마음과 함께 이 작은 결실을 바칩

니다.

  임상영양학에 대한 배움의 기회를 주시고 학문에 대한 진정한 열정을 가르쳐 

주신 이종호 교수님께 감사드립니다. 바쁘신 와중에도 항상 인자한 웃음으로 신경 

써 주시는 장양수 교수님께 감사드립니다. 언제나 매력적인 목소리로 강의해 주시

고 학생의 입장에서 배려해 주시는 자상하신 정지형 선생님, 유쾌한 강의로 해주

시는 언변의 마술사 조홍근 선생님께도 감사의 마음을 전합니다. 학부시절 영양학

이 얼마나 중요한 학문인가 가르쳐 주시고 자상하게 지도하여 주신 손숙미, 김석

신, 고경희, 오명숙 교수님들께도 너무 감사합니다. 

  학문적으로, 인간적으로도 많이 배우고 싶은 오연언니와 나의 석사학위 논문을 

지도하며 함께 신경써주신 지영언니, 함께 생활하며 도시락을 통해 정이든 예쁜 

아기의 엄마가 된 지숙언니, 카스리마와 소탈한 성격이 매력적인 멋쟁이 수정언

니, 언제나 밝은 미소로 노화과학을 이끌어 주신 정임언니, 힘들 때 정신적으로 

의지할 수 있게 도와주신 유머와 재치를 겸비한 예정언니와 순수하고 해맑은 미

소를 가진 상큼 발랄 혜진언니께도 깊은 감사를 드립니다. 항상 톡톡 튀고 거침없



는 말솜씨로 즐겁게 해준 현양언니와 아기 같은 하얀 피부를 가진 어여쁜 진경언

니에게도  감사의 마음을 전합니다. 함께한 시간이 짧았지만 항상 웃음으로 반겨

준 윤지숙 언니, 깜짝 결혼발표와 함께 10월의 신부가 된 선배이자 친구인  정현

이에게도 감사의 마음을 전합니다. 

  어리숙한 저를 관심과 열의를 가지고 항상 곁에서 지켜봐주신 선배들, 지금은 

졸업하여 각 자의 길에서 최선을 다하는 현진언니, 오수현언니, 계영언니, 미진언

니, 유미언니, 박수현언니, 민지언니에게 고마움을 전합니다. 그리고 각 자의 길을 

가기위해 최선을 다하는 후배들... 생년월일시까지 똑같은 사주친구 승현이, 파티

클 미인라인을 이어나갈 당차고 여성스러운 주리, NO 실험 파트너이자 엉뚱함이 

매력적인 귀여운 소연이, 씩씩하게 최선을 다하는 모습이 아름다운 파티클 미인라

인 민아, 아기자기한 미모를 소유한 여성스러운 윤경이, 아기 코알라를 닮은 씩씩

하고 야무진 지원이, 무뚝뚝함과 전혀 어울리지 않는 상큼 발랄함으로 나를 놀래

킨 민주언니, 존재자체만으로도 애교가 넘쳐흐르는 애교만점 영민언니, 곁에서 응

원을 아낌없이 해준 고마운 정호오빠. 소중한 인연으로 만나서 기쁘고 앞으로 행

복하길 바랍니다.

  단란한 가족과 같은 포근한 노과연 식구들... 짧은 유머로 큰 기쁨을 안겨준 유

쾌하고 마음이 따뜻한 수혁오빠, 세심한 배려와 수줍음 많은 속 깊고 정 많은 마

음이 잘 맞는 승원오빠, 차가운 이미지와 달리 재밌고 귀여운 개구쟁이 강원선배, 

나의 뒤를 이어 멋지게 과대를 이끌어준 카메라맨 태원선배, 칵테일과 잘 어울리

는 봉준오빠, 노과모임의 정예멤버로 돈독해진 여성스럽고 성격 좋은 지혜, 언니

처럼 편하게 대해주신 이세영선생님, 영양분야에 관심이 많아 학생으로서 배울점

이 많은 이기호 선생님, 김경철 선생님. 푸근하고 자상하신 신경균 선생님, 깔끔한 

인상과 지적이신 핸섬가이 오세연 선생님, 여동생처럼 착하고 편한 현주, 카리스

마 지희. 첨단 3인방의 청일점이자 나와 시내언니의 흑기사가 되어준 착하고 인

자한 범식님. 소중한 인연으로 좋은 추억 많이 만들어 준 노과연 식구들에게 감사

의 마음을 전하며, 모두가 행복하길 바랍니다.

  그리고 우리 동기들... 희노애락을 함께하며 나의 버팀목이 되어준 센스쟁이 시

내언니, 보라색코트가 잘 어울리는 재치만점의 귀여운 소연이, 동기 중 유일한 동



생이자 깜찍 발랄한 효희, 2년간 일산 MI 스터디를 함께한 까칠하지만 속마음은 

따뜻한 주연언니, 4월의 예비신부 여진언니, 빨간색이 잘 어울리는 뮬란 닮은 주

영이,  단발머리가 잘 어울리는 해맑은 미소의 소유자 소의언니와 함께 힘들고 즐

겁고 지칠 때마다 함께 할 수 있어서 항상 큰 힘이 될 수 있었습니다... 잊지 못할 

우리 8명. 사회에 나가서도 각자의 길에서 최선을 다하자..^^ 아자아자 화이팅!!

  이른 아침부터 따뜻한 미소로 함께 해주신 김문경 선생님. 아래학기가 없어서 

힘들었지만, 선생님과 함께 이야기할 수 있는 시간이 많아서 즐거웠습니다. 선생

님 항상 행복하세요. 그리고 순환기 내과 의사선생님들 (양주영 선생님, 김병극 

선생님, 전동운 선생님, 오성진 선생님)과 간호사 선생님들께도 감사의 마음을 전

합니다.

  나의 소중한 친구들... 고등학교 때부터 지금까지 변함없는 종로파 현주, 진숙, 

선아와 정미, 화현이, 철호. 가톨릭대학교 1학년 때부터 자칭 여인천하라 부르며 

함께 지낸 아동학과 서진, 주영, 현정이와 의류학과 수연이, 식품영양학과 선아, 

은진, 현진, 수희, 그리고 학과 학생회 활동을 하며 친해진 은경, 소영, 유리, 수

혜, 현라. 병원실습을 할 수 있도록 도와준 남궁신아 언니. 학교생활에서 가장 뜻

깊은 추억을 만들어준 동아리 7기 동기들... 길용오빠, 승애, 민우, 재현이, 경용

이, 진주, 준례, 혜연이. 모두들 나의 곁에 소중한 친구로 있어줘서 고맙고 행복합

니다. 마지막으로 2년간의 대학원 생활동안 친구보다 가까운 곳에서 나를 응원해

준 신이에게 감사의 마음을 전합니다.
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AAABBBSSSTTTRRRAAACCCTTT

TheeffectofRed-yeast-rice
onserum lipidprofileandglucosecontrol
insubjectswithimpairedfastingglucoseor

impairedglucosetolerance

MiRanKang
GraduateProgram ScienceforAging

TheGraduateSchool
YonseiUniversity

Thisstudyaimedtoevaluatetheeffectofred-yeast-ricedietarysupplementationon
cholesterol-loweringandglucosecontrolinsubjectswithimpairedfastingglucoseor
impairedglucosetolerance.Weconductedadouble-blind,placebo-controlledstudy
with3groups;placebo,lowdosegroup(TestⅠ:redyeastrice210.0mg/capsule,
2.52g/day)andhighdosegroup(TestⅡ:redyeastrice420.0mg/capsule,5.04g/day),
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whichwererandomlyassignedtosubjectswithimpairedfastingglucoseor
impaired glucosetolerance.Wemeasured serum lipid profile(total-, LDL-,
HDL-cholesterol,triglyceride)andglucosecontrolrelatedparameters(glucose,
2hOGTT,HOMA-IR,insulin,FFA)beforeandafterthesupplementation.Both
TestⅠ and TestⅡ groupshad significantimprovementin LDL cholesterol
andatherogenicindex(AI)comparedwithplacebogroup(p<0.05).Additionally,
totalandHDLcholesterolimprovedsignificantlyinTestⅡ group compared
with placebo group(p<0.05).Fasting glucose decreased in testgroups and
increasedinplacebogroupafterintervention.However,itwasnotsignificant
differences.In subjectswhich fasting blood glucoseismorethan 110mg/dl,
fastingglucosehadatendencytodecreaseintestⅡ group(p<0.1)andHbA1c
had significantdecreasein TestⅠgroup,whileinsulin and HOMA-IR had a
tendency to increasein placebo group afterintervention.Mean changesof
glucose related parameters compared with placebo group did not show
significantdifferences.Inconclusion,subjectswithimpairedfastingglucoseor
impairedglucosetolerancesignificantlyimprovedinserum lipidprofilebyred
yeastricesupplementationwithoutserioussideeffects.Thesearemoreeffective
inthecaseofahighdose.Theeffectsofredyeastricesupplementationon
glucosecontrolwereinsignificant.Inaddition,Long-term clinicalstudiesneed
tobeperformedwithlargerpopulationnumberofsubjectstodeterminethe
effectsofredyeastriceontheinsulinresistanceinthesubjectswithIGTor
IFTandType2DM.
----------------------------------------------------------------------------------------------------------------
KKKeeeyyywwwooorrrdddsss:Redyeastrice,Bloodglucose,Impairedglucosetolerance

Impairedfastingglucose,Serum lipidprofile
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111...IIInnntttrrroooddduuuccctttiiiooonnn

Recently,thesharpincrease oftype2DM prevalenceandCVD prevalence
causedbytype2DM wereshownthemainproblem ofhealth.Thenumberof
peoplewithtype2diabetesisestimatedtoincreaserapidlywithinthenext25
years(1),withanestimated42% increaseindevelopedcountries.Indeveloped
countries,theprevalenceofoverweightand obesityisincreasingrapidly(2)
because ofreduced physicalactivity and overeating.This causes a rapid
increasein theprevalenceofdiabetes(2,3).AccordingtoKNSO (Thekorea
nationalstatisticallyoffice),thenumberofpeopleagedover65yearsinkorea
willincreasewithoutparallelintheworldfrom about14.4% in2019to34.4%
in2050(4). Accordinglyitisconsideredthattype2DM incidencealsowill
increaserapidly.
Ofthehealthy men withouttype2 DM,0-16% had an IFG (Impaired

fasting glucose)6.1mmol/L-6.9mmol/L,and 6.9-17.8% had an IGT (Impaired
glucosetolerance)withdiagnosedanFPG(Fastingplasmaglucose)<6.1mmol/L
onglucosetolerancetest,and2-hPG 7.8mmol/L-11.0mmol/Land0.5-9.7% had
a type 2 diabetes with diagnosed FPG ≥ 7.0mmol/L and 2-h PG ≥
11.1mmol/L (5). In 1988,Reaven defined the insulin resistancesyndrome
(syndromeX)which consistsofinsulin resistance,hyperinsulinemia,obesity,
glucose intolerance,hypertriglyceridemia,reduced high density lipoprotein
(HDL)-cholesterollevel,hypertension,coronaryarterialdiseases,prothrombotic
state (e.g., high fibrinogen), and pro-inflammatory state (e.g., elevated
high-sensitivityC-reactiveprotein(h-CRP)intheblood)(6). Bloodlipidand
lipoprotein levels have been confirmed as important predictors of this
pathology(7,8),and morerecently,markersoflow-gradeinflammation have
been shown topredicttheoccurrenceoftype2diabetes(7).Mild-moderate
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insulinresistance,acommonclinicalcase,leadstoimpairedglucosetolerance
(IGT),type2diabetesmellitus(DM),hypertensionandearlyatherosclerosis(9).
Cardiovasculardisease(CVD)istheleadingcauseofdeathamongindividuals
withtype2diabetesmellitus,accountingfor40% to50% ofalldeaths(10).In
thesepatients,themortalityriskforcoronary,cerebrovascularandperipheral
vasculardiseaseis2fold to10fold higherthanthenondiabeticpopulation
(11-13). Although type 2 diabetes is frequently associated with other
cardiovascularriskfactors,suchasdyslipidemiaandhypertention(14,15),itis
believedthathyperglycemiaperserum isindependentriskfactor(15).Several
studies have now confirmed the increased risk ofCVD in patients with
impaired glucosetolerance(IGT)even afteradjusting forclassicrisk factors
(16-20).Thereforeimpairedglucosetoleranceandimpairedfastingglucoseneed
toappropriatebloodglucosecontrolbecauseitprogresstotype2DM oris
consideredtheriskfactorofCVD.
Monascusspp.havebeenusedasfoodsandmedicinesintheOrientfor

over 1000years.In China and Taiwan,it has been called "Hong Qu",
"Hon-Chi","Anka"or"Ang-kak"using the Chinese orTaiwanese phonetic
alphabet.TheJapaneseusethename"BeniKoji"or"redKoji".IntheUnited
Statesand Europe,ithasbeen called "red rice","red-mold rice"or"red
Chineserice".Manypublicationsandcommercialproductsuse"redyeastrice"
whichisnotanappropriatenameforfilamentousfungi(21).
Red yeastriceisthefermented productofriceon which red yeast(M.

purpureus)hasbeen grown (22). Themostimportantbio-activecompound
isolated from Monascusismonacolin K,which isidenticalto the potent
cholesterol-lowering,anti-atheroscleroticdruglovastatin,aHMG-CoA reductase
inhibitor (21). Many studies have reported that Monacolin K disturb
cholesterolsynthesisandshow anti-cholesteroleffect(23-26). Redyeastriceis
anextractofcholestinthathasbeenapprovedbytheKoreaFoodandDrug
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Administration(KFDA)asserum cholesterolcontrol(27).
Highvaluesofserum lipidincreasedinriskoftype2DM (7,28), while

Monacolin K, a functional ingredient of red-yeast rice, were observed
improvementofcholesteroland decreased to serum triglyceridein patients
withDM,impairedfastingglucoseandimpairedglucosetolerance.Therefore
thereisbeingreportedtheimprovedeffectaboutglucosemetabolism (5,29-31).
Onthiswise,Monacolin-K,afunctionalingredientofred-yeastrice,have

beenreportedthatthereisaneffectoflowingserum bloodglucosethrough
animalitselfefficacyandreference.Inthisstudy,redyeastricewasproduced
notdrugbutdietarysupplementation(alow dose,ahighdose)intheshape
ofcapsule.Therefore,this study examined to confirm the effecton the
improvementofbloodglucoseandserum lipidconcentrationofred-yeastrice
insubjectswithimpairedfastingglucoseorimpairedglucosetoleranceusinga
double-blind,placebo-controlled,prospectivelyrandomizeddesign.
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TTTaaabbbllleee111...IIIDDDCCCaaannndddAAADDDAAAcccrrriiittteeerrriiiaaa(((aaadddaaapppttteeedddfffrrrooommm rrreeefff...333222)))
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222...BBBAAACCCKKKGGGRRROOOUUUNNNDDD

222...111...SSStttrrruuuccctttuuurrreeeooofffMMMooonnnaaacccooollliiinnn---KKKaaannndddLLLooovvvaaassstttaaatttiiinnn

MMMooonnnaaacccooollliiinnn---KKK (((ooorrrMMMeeevvviiinnnooollliiinnn))) MMMooonnnaaacccooollliiinnn---KKK(((ooorrrMMMeeevvviiinnnooollliiinnn)))
nnnooonnn---aaaccctttiiivvvaaatttiiiooonnn(((lllaaaccctttooonnnfffooorrrmmm))) aaaccctttiiivvvaaatttiiiooonnn(((aaaccciiidddfffooorrrmmm)))

LLLooovvvaaassstttaaatttiiinnnnnnooonnn---aaaccctttiiivvvaaatttiiiooonnn LLLooovvvaaassstttaaatttiiinnnaaaccctttiiivvvaaatttiiiooonnn

FFFiiiggguuurrreee111...CCChhheeemmmiiicccaaalllssstttrrruuuccctttuuurrreeeooofffMMMooonnnaaacccooollliiinnn---KKK,,,LLLooovvvaaassstttaaatttiiinnn
(((aaadddaaapppttteeedddfffrrrooommm rrreeefff...333333)))
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Initiallyidentifiedfrom Monascusspp.,monacolinK(C24H36O5),alsoknown
asmevinolinorlovastatin,isapolyketide,whichisstructurallyidenticalto
lovastatin.Inadditiontomonacolin,thereareseveralotherminormonacolins.
Atleastsix structurally related monacolinshavebeen identified from the
genusMonascus,namelymonacolinJ,K,LandX,dihydromonacolinK,and
dihydromonacolin L.Monacolin K and itshydroxylacid form would be
dehydrated,andconvertedtodehydromonacolinKathightemperature(80℃),
while the monacolin K would be transformed into their corresponding
hydroxylacid formsundertheconditionofhighhumidity(92.5%RH,25℃)
(21).Mevinolininthehydroxyacidform,mevinolinicacid(monascusK acid
form),isapotentcompetitiveinhibitorofHMG-CoA reductase.Thestructure
andabsoluteconfigurationofmevinolinanditsopenacidform,mevinolinic
acid,determinebyacombinationofphysicaltechniques(34).

222...222...EEEvvviiidddeeennnccceeefffooorrrhhheeeaaalllttthhhbbbeeennneeefffiiitttsssooofffMMMooonnnaaacccooollliiinnn---KKK

Besidesmonacolin K (lovastatin,oncetheworld'slargestselling classof
cholesterol-lowering drugs), the Monascus products contain many other
substance(flavonoids,polyunsaturatedfats,pyrroloniccompounds,andsoon)
with a wide variety ofactions.theireffectsmay be more extensive and
complexthanthoseofstatinsalone.ItalsomakesMRPanidealcandidatefor
thetreatmentofthemetabolicsyndrome(35).
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222...222...111...CCChhhooollleeesssttteeerrrooolll---lllooowwweeerrriiinnngggeeeffffffeeecccttt

222...222...111...111...TTThhheeeiiinnnhhhiiibbbiiitttooorrrooofffHHHMMMGGG---CCCoooAAArrreeeddduuuccctttaaassseee

Hypercholesterolemia,especially elevated plasma LDL-cholesterol,isa key
risk factorleading to the pathogenesisofatherosclerosis(36). Lovastatin
(mevinolin)astheinhibitorofHMG-CoA reductasehasgreatlyadvancedthe
developmentofcholesterol-lowering drugs.Inhibition ofhepatic HMG-CoA
reductase,therate-limiting enzymein thecholesterolbio-syntheticpathway,
stimulatestheexpressionofLDLreceptor(alsocalledApoB/Ereceptor)(37).
IncreaseduptakeofLDLthroughareceptor-mediatedpathwayreducesplasma
LDL-C.Manyclinicalstudieshaveshownthatlovastatinandotherstatindrugs
reduceplasmatotalcholesterol(TC)andLDL-C.Treatmentwithlovastatinalso
reducesplasmatriacylglycerols(TG)and increaseHDL-C to an extend less
thanthemagnitudeofTCandLDL-Clowering.MRP(Monacolinriceproduct)
isused fordietarysupplementationswith thehealthclaim thattheproduct
will lower plasma lipids,especially plasma TC and LDL-C.The MRP
supplementationscontain afamilyofnaturallyoccurringstatins(monacolins)
including monacolin K. There are many commercial products of MRP
worldwide. Among them "Cholestin", "Xuezhikang" and "Unchole" have
demonstratedacholesterol-inhibitingeffectsimilartostatinsinanimalstudies
andclinicaltrials(21).
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FFFiiiggguuurrreee222...PPPuuuttttttiiinnngggHHHMMMGGG CCCoooAAArrreeeddduuuccctttaaassseeeiiinnnhhhiiibbbiiitttooorrrsssiiinnntttoooaaaccctttiiiooonnn
***RRRYYYRRRSSS(((RRReeedddYYYeeeaaassstttRRRiiiccceeeSSSuuuppppppllleeemmmeeennntttaaatttiiiooonnn)))

FFFiiiggguuurrreee333...PPPaaattthhhwwwaaayyyfffooorrrccchhhooollleeesssttteeerrrooolllbbbiiiooo---sssyyynnnttthhheeesssiiisss(((aaadddaaapppttteeedddfffrrrooommm rrreeefff...333888)))
***RRRYYYRRRSSS(((RRReeedddYYYeeeaaassstttRRRiiiccceeeSSSuuuppppppllleeemmmeeennntttaaatttiiiooonnn)))
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222...222...111...222...AAAnnniiimmmaaalllssstttuuudddiiieeesss

Long-term feeding effects ofM.purpureus-fermented rice (Cholestin)on
serum lipidsandtheseverityofatherosclerosiswereexaminedinrabbitsfed
for200daysonasemi-purifieddietcontaining0.25% cholesterol.Totalserum
cholesterolwas 25% and 40% lower,respectively,in rabbits fed 0.4 or
1.35g/kg/dayofMRP(Monacolinriceproduct)comparedtothoseofcontrols.
Thistreatmentalsolowered serum LDL-C,serum TG and theatherosclerotic
index(ratio ofnon HDL-C to HDL-C).Although similarreductionsofTC,
LDL-C andTG wereobserved,aparallelgroupofrabbitsfedwithlovastatin
(0.0024g/kg/day)did nothave a significantly reduced atheroscleroticindex
(39).In the rat,orally administered sodium mevinolinate was an active
inhibitor of cholesterol synthesis in an acute assay (50% inhibitory
dose=46ug/kg).Furthermore,itwasshownthatmevinolinwasanorallyactive
cholesterol-lowering agentin thedog.Treatmentofdogsfor3weekswith
mevinolin at8mg/kg perday resulted in a29.3±2.5% lowering ofplasma
cholesterol(34).

222...222...111...333...CCCllliiinnniiicccaaalllssstttuuudddiiieeesss

Severalstudies and clinicaltrials have demonstrated thatthe intake of
Monascusriceproducts(MRP)significantly decreaseTC,LDL-C and TG in
subjects,withoutcausing clinically adverse effectsin the liverand muscle
tissue.The firsthuman trial(40),an 8-week study conducted in china,
evaluated theeffectof1.2g/day red yeastriceon 324hypercholesterolemic
adults(totalcholesterolabove230mg/dl)who also had elevated LDL (over
130mg/dl)and low HDL (under40mg/dl)versecontrols.Totalcholesterol,
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LDL cholesteroland triglyceridesdropped by 23,31and 34%,respectively.
Serum HDL levelsincreased by 20%.The second study (27)included 83
hypercholesterolemicadultson2.4gredyeastricedailyorplacebo.Participants
wereaskedtomaintainadietof30% fat,10% SFA andamaximum of300mg
cholesteroldaily.After8-weeksthetreatmentgrouphadan18% lowermean
totalcholesterollevelcomparedtoplaceboanda17% dropintotalcholesterol
baseline.Therewasalsoa23% differenceinLDLbetweenthetreatmentgroup
and theplacebogroup and a23% drop in thetreatmentgroup,evidentat
eightweeks.Triglyceridesalsodropped16% inthetreatmentpopulation.The
dropsintotalcholesterolandLDLwereconsistentat8and12weeks.There
werenochangesinHDLlevels.Cheng-ChiehLin,etal(41)wastoassessthe
lipid-loweringeffectofM.purpureusWentriceon serum lipidsin patients
withhyperlipidemia.Inthisstydy,MonascuspurpureusWentriceresultedin
significant reductions in LDL-C (30.6%), total cholesterol (23.7%) and
triglycerides(13.4%)levelfrom baselineto 4weeks.Thesereductionswere
maintainedat8weeks.Otherstudy(42)reportedmeanLDL-C reductionsto
be20,16,19and 24% forfluvastatin (80mg),lovastatin (80mg),pravastatin
(40mg)andsimvastatin(20mg)respectively;meanapolipoproteinBlevelswere
reduced by16,19,16and 20mgrespectively.In thisstudy,1200mg ofM.
purpureus Wentrice contains a totalof13.9mg statins (contains 11.4mg
lovastatin)butreducedLDL-Cby27.7% andapolipoproteinBby26.0%.
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222...222...222...AAAnnntttiiihhhyyypppeeerrrggglllyyyccceeemmmiiicccaaaccctttiiivvviiitttyyy

222...222...222...111...AAAssssssoooccciiiaaatttiiiooonnnwwwiiittthhhIIInnnsssuuullliiinnnrrreeesssiiissstttaaannnccceeeaaannndddTTTGGG

FFFiiiggguuurrreee444...MMMeeeccchhhaaannniiisssmmm rrreeelllaaatttiiinnngggiiinnnsssuuullliiinnnrrreeesssiiissstttaaannnccceeewwwiiittthhhllliiipppiiidddcccooonnnccceeennntttrrraaatttiiiooonnn...
(((aaadddaaapppttteeedddfffrrrooommm rrreeefff...444333)))

Insulin resistanceallowed an increased production and flow offreefatty
acidsfrom theabdominalviscerato theliver(44),wherethesefatty acids
acceleratetriglycerideproduction.Suchnegativeeffectofinsulinresistanceis
magnified by the occurrenceofhyperglycaemia,which also increase VLDL
productionbytheliver(45). Ontheotherhand,elevatedplasmatriglyceride
concentrationisresponsibleforanoveractivityoftheRandlecycleduetoa
prevalentlipidoxidation.Thelatterphenomenon,inturn,hasbeenshownto
impairinsulin-mediatedglucosemetabolism inbothoxidativeandnon-oxidative
components(46).
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222...222...222...222...AAAnnniiimmmaaalllssstttuuudddiiieeesss

MRPsproduced byfermentation with M.pilosusand M.purpureuswere
usedforantihyperglycemicactivityscreeninginstreptozotocin-induceddiabetic
rats(STZ-diabeticrats)(47)SingleoraladministrationofMRPdecreasedplasma
glucoseinSTZ-diabeticratsinadose-dependentmannerfrom 50to350mg/kg.
TheseresultssuggestthatoraladministrationofMRPcoulddecreasehepatic
gluconeogenesis to lower plasma glucose in diabetic rats with insulin
deficiency.ThehypoglycemiceffectofMRPwasalsostudiedbyanothergroup
(48).OraladministrationofMRP,fermentedwithM.pilosusandM.purpureus
for90mintofastingWistarratsresultedinadecreaseinplasmaglucoseina
dose-dependentmanner.In parallelto thereduction ofplasmaglucose,an
increaseintheplasmalevelofinsulinandC-peptidewasalsoobserved.The
study also suggests thatMRP has an ability to stimulate the release of
acetylcholinefrom nervesynapses,which in turn stimulatesmuscarinicM(3)
receptorsin pancreatic cellsand augmentsinsulin release to resultsin a
plasmaglucose-loweringaction.

222...222...222...333...CCCllliiinnniiicccaaalllssstttuuudddiiieeesss

Xuezhikangcontainsafamilyofmonacolin-relatedsubstances,oneofwhich
isanaturallyoccurringlovastatin.TheChinaCoronarySecondaryPrevention
Study(CCSPS)(49),isamulti-centertrialdesignedtocomparetheeffectsof
xuezhikangandplaceboonreducingCVD eventsin4870patientswhohada
history ofmyocardialinfarction.This reportpresents a detailed subgroup
analysisofthe591diabeticparticipants.A totalof591diabeticpatientswith
CHD were randomized to the zeuzhikang group (n=306)and the placebo
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group(n=285).Duringtheaverage4yearsoffollow-up,therewere28caseof
CHD events(9.2%)in the xuezhikang group and 53 cases(18.6%)in the
placebogroup. Whenpatientswithandwithoutdiabetescompare,itseemed
likely thatpatients with diabetes could gain more beneficialeffects from
xuezhikangtreatmentwithrespecttoCHD eventsandtotalmortality.

333...SSSUUUBBBJJJEEECCCTTTSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

333...111...SSSUUUBBBJJJEEECCCTTTSSS

Ourstudysubjectswererecruited from apopulation ofmen and women
betweentheagesof18and80years.Thisstudyconsistedof85casesthatmet
diagnosed with impaired fasting glucose(110mg/dl≦fasting blood glucose≦
126mg/dl)orimpairedglucosetolerance(140mg/dl≦2hOGTT≦199mg/dl)or
diagnosed with 6%≦ glycosylated haemoglobin (HbA1c) ≦7%.Exclusion
criteriathatallselectedpatientsmetwere:

w havingaevidenceofrenal,hepaticorcancerdisease;
w havingasevereallergiesasdeterminedbymedicalhistory;
w being previously diagnosed with type 2 DM (fasting blood glucose≥
126mg/dlor 2hOGTTplasmaglucose≥200mg/dl)

w havinganormallipidprofile(totalcholesterol,triglyceride,LDLcholesterol);
w takingobesitytreatmentwithinlasttwomonths(dietormedical)
w attendingregularphysicalprogram orweightlossofmorethan3% within
thelast6months;

w havingobesityduetoendocrinologicdisease(hypothyroid,etc.);
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w beingondrugsthatmayaffectinsulinresistance;forexample,takingan
angiotensin converting enzyme (ACE) inhibitor or angiotensin receptor
blockergroupdrug;

w caseswithacutecoronarydiseases;
w patientsonhormonereplacementtreatment(HRT)orthoseusingselective
estrogenreceptormodulator(SERM);

w presenceofinfection,severephysicalorpsychologicaltraumaonthedayof
insulintolerancetestoranyrecentday,asthesemayaffecttheresultor
thetest;

Noneofthem weretaking any medication.Written conformed consentwas
obtainedfrom allsubjectsandtheprotocolwasapprovedbytheinstituteof
Review BoardofYonseiUniversity.

333...222SSSTTTUUUDDDYYYDDDEEESSSIIIGGGNNN

Ourstudy wasa double-blind,placebo-controlled,randomized study.All
enrolledsubjectswerescreeningtoHbA1ctest,glucosemetabolism test(fasting
glucosetest,OGTT:oralglucosetolerancetest)duringaweekrun-inperiod.
Attheendoftherun-inperiod,atotalof85ofthe102randomizedsubjects
wereincludedinthestudyand17subjectswereexcludedthisstudyaccording
toexclusioncriteria.Attheendofthefollow-upstudyduring12weeks,we
excluded 21 subjects who were canceled agreement,personalfeelingsand
allergy,finally 64 subjectswere leftin the follow-study and used in the
analysis.AllsubjectswereassignedrandomlytoTestⅠ(alow dose;redyeast
rice 210.0mg/capsule,2.52g/day)(n=21),TestⅡ(a high dose;red yeastrice
420.0mg/capsule,5.04g/day)(n=23),placebogroup(lactose420.0mg)(n=20).(table
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3)(table4)Allsubjectsweretakenfourbyfourthreetimesadayaftermeals
during 12weeks(figure4).Attending subjects usually maintained lifestyle
during thisfollow-study period.Allofthevolunteerswereinstructed by a
researchdietitiantorecordfor2daysonweekdaysandadayonweekendall
food and beveragesconsumed,preparation method and approximateportion
sizesinfooddiariesatthetimeofconsumption.

FFFiiiggguuurrreee555...SSStttuuudddyyydddeeesssiiigggnnn***RRRYYYRRRPPP:::RRReeedddyyyeeeaaassstttrrriiiccceeesssuuuppppppllleeemmmeeennnttt
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TTTaaabbbllleee333...TTThhheeecccooommmpppooosssiiitttiiiooonnnooofffttteeessstttppprrroooddduuuccctttsss (((iiinnn111cccaaapppsssuuullleee)))

TTTaaabbbllleee444...TTThhheeecccooommmpppooosssiiitttiiiooonnnooofffppplllaaaccceeebbboooppprrroooddduuuccctttsss(((iiinnn111cccaaapppsssuuullleee)))

IIInnngggrrreeedddiiieeennnttt TTTeeessstttⅠⅠⅠ gggrrrooouuuppp
(((aaalllooowww dddooossseee)))

TTTeeessstttⅡⅡⅡ gggrrrooouuuppp
(((aaahhhiiiggghhhdddooossseee)))

AAAmmmaaaiiinnn
iiinnngggrrreeedddiiieeennnttt

Redyeastricepowder 210.0mg 420.0mg

A lactoseagent
(lactose95%,dextrin5%) 210.0mg 0.0mg

AAAaaacccccceeessssssooorrryyy
iiinnngggrrreeedddiiieeennnttt

A lactoseagent
(lactose95%,dextrin5%) 77.5mg 77.5mg

LLLuuubbbrrriiicccaaannnttt Magnesium stearate 2.5mg 2.5mg

IIInnngggrrreeedddiiieeennnttt PPPlllaaaccceeebbbooo

AAAmmmaaaiiinnn
iiinnngggrrreeedddiiieeennnttt

A lactoseagent
(lactose95%,dextrin5%) 420.0mg

AAAaaacccccceeessssssooorrryyy
iiinnngggrrreeedddiiieeennnttt

A lactoseagent
(lactose95%,dextrin5%) 77.5mg

LLLuuubbbrrriiicccaaannnttt Magnesium stearate 2.5mg
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333...333...MMMEEETTTEEERRRIIIAAALLLAAANNNDDD MMMEEETTTHHHOOODDDSSS

Forlaboratoryassay,allmeasurementsweredoneinasinglebatchattheend
ofthestudy,andthelaboratorystaffwasblindtotheclinicaldata.

333...333...111 AAAnnnttthhhrrrooopppooommmeeetttrrriiicccpppaaarrraaammmeeettteeerrrsssaaannnddd DDDiiieeetttaaarrryyy iiinnntttaaakkkeee aaannnddd
eeennneeerrrgggyyyeeexxxpppeeennndddiiitttuuurrreee

Bodyweightandheightweremeasuredinthemorning,lightclothedwithout
shoesto0weekand12week.Thebodymassindex(BMI)wascalculatedas
bodyweightinkilogramsdividedbyheightinmeterssquared.Waistandhip
circumferenceweremeasured,andwaisttohipratio(WHR)wascomputedas
an indiction oftheindexofbody fatdistribution.Waistcircumferencewas
measuredwithaflexibletapemidwaybetweenthelowerribmarginandthe
iliaccrest,and thehipgirthwasmeasured atwidestpartofthehip.Both
circumferencesweremeasuredinthestandingpositionafternormalexpiration.
Bloodpressurewasmeasuredfrom theleftarm whilethesubjectsremained
seated.Anaverageofthreemeasurementswasrecordedforeachsubject.When
thesystolicblood pressurewasgreaterthan orequalto140mmHg,orthe
systolicblood pressurewasgreaterthan orequalto 90mmHg,they were
classified ashaving hypertension according to the 6th reportofthe Joint
NationalCommitteeonprevention,detection,evaluation,andtreatmentofhigh
bloodpressure.A dietitiangavewrittenandverbalinstructionstoallsubjects
infollow-upstudyonhow tocomp̀ 0,8and12weeksvisitsthroughoutthe
wholeintervention period and in cross-sectionalstudy given once.On the
sheet,subjectswereinstructedtorecordtheamountoffoods.Nutrient intake
data were analyzed using Can pro program (Can-pro-2.0).Totalenergy
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expenditure(TEE)(kcal/day)wascalculated from activity patternsincluding
basalmetabolicrate(BMR),physicalactivityfor24hoursandspecificdynamic
actionoffood.BMR ofeachsubjectwascalculated withtheHarris-Benedict
equation.

333...333...222...FFFaaassstttiiinnngggbbbllloooooodddcccooolllllleeeccctttiiiooonnn

To reduce the influence ofcircadian variation,allblood specimens were
collected between AM 08:00 and AM 10:00 afterthe subjectshad fasted
overnight.VenousbloodspecimenswerecollectedinEDTA-treated andplain
tubesaftera12hfast.Thetubewereimmediatelyplacedoniceuntilarrived
atthelaboratoryroom (within1~3h).Asarrived,thebloodwereseparatedby
centrifugeandstoredat-70℃ untilanalysis.

333...333...333...SSSeeerrruuummm gggllluuucccooossseeeaaannndddfffrrreeeeeefffaaattttttyyyaaaccciiiddd

GlucosewasmeasuredbyaglucoseoxidasemethodusingaBeckmanGlucose
Analyzer(BeckmanInstruments,Irvine,CA,U.S.A.).FFA wasanalyzedwitha
Hitachi7150Autoanalyzer(HitachiLtd.,Tokyo,Japan).Theglucosecriteria,
newlydevelopedandmodifiedbytheNationalDiabetesDataGroup(NDDG)
and the World Health Organization (WHO)ExpertCommitteeon Diabetes
Mellitus,were used to categorize subjectsasdiabetic:fasting glucose ≥
7.0mmol/L(126mg/dl)
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333...333...444...OOOrrraaalllgggllluuucccooossseeetttooollleeerrraaannnccceeettteeesssttt(((OOOGGGTTTTTT)))

75gOGTTwasperformedinallsubjectstoestablishglucosetolerancestatus.
A 250-350mlsolution of75g anhydrousglucoseisadministered orally and
venousbloodisdrawn.Thetestweredoneat9:00-10:00haftera12hovernight
fast.Fasting and 2h blood samples be taken.OGTT was measured by
Oxidationenzyme.

333...333...555...IIInnnsssuuullliiinnn,,,HHHOOOMMMAAA---IIIRRRaaannndddHHHbbbAAA111CCC(((HHHeeemmmoooggglllooobbbiiinnnAAA111ccc)))

Insulin was measured by radioimmunoassays with commercialkits from
Immuno Nucleo Corporation (Stillwater,MN,U.S.A).Insulin resistance (IR)
was calculated with homeostasis model assessment (HOMA) using the
followingequation:
HOMA-IR={fastinginsulin(uU/ml)×fastingglucose(mmol/l)}/22.5
HbA1CweremeasuredbyImmunoturbidimetricanalyzerusingturbidimeter.
333...333...666...SSSeeerrruuummm llliiipppiiidddppprrrooofffiiillleee

Serum totalcholesterol,LDLcholesterolandtriglycerideweremeasuredwith
commerciallyavailablekitsonaHitachi7150Autoanalyzer(HitachiLtd.,Tokyo,
Japan)Afterprecipitationofserum chylomicrons,low densitylipoprotein(LDL)
and VLDLusingdextransulfate-magnesium,highdensitylipoprotein(HDL)
cholesterolleftinthesupernatantwasmeasured withanenzymaticmethod.
LDLcholesterolwasestimatedindirectlyusingtheFriedwaldformula,I.e.,LDL
cholesterol=totalcholesterol-{HDLcholesterol+(triglycerides/5)},forsubjectswith
serum triglycerideslevels<400mg/dl.
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333...333...777...HHHaaaeeemmmaaatttooolllooogggyyy․․․CCChhheeemmmiiicccaaalllbbbllloooooodddttteeesssttt

Haematology testwere measured by electric resistance method using an
AutomaticBloodCellCounter(LC-240A,HORIBA Co.,Japan).
Liverfunction indicatoraschemicalblood testweremeasured serum GOT,
GPT activity and kidney function indicatorsweremeasured by Colormetry
usingHitachi7600-110(Hitachi,Japan)withtotalprotein,BUN,andcreatinine
concentration.

333...333...888...SSSeeerrruuummm TTTNNNFFF---aaalllppphhhaaa,,,IIILLL---666aaannndddCCCRRRPPP

Serum tumornecrosisfactor-alpha (TNF-α)asmeasured using an enzyme
immunoassay (R&D system,MN,USA).Sample wasadded to monoclonal
anti-TNF-alpha antibody was added.A substrate solution was added to
developcolorinproportiontotheamountofTNF-α bound.Theresultantcolor
reactionwasreadusingaVictor2(PerkinElmerlifesciencesTurka,Finland)at
490nm andwavelengthcorrectionwassetto650nm.QuantificationofTNF-α 

wasperformedwithusingthepeakarearatio.
Serum interleukin-6(IL-6)wasaddedtoamonoclonalanti-IL-6antibodywhich
was pre-coated onto a microplate. After washing away any unbound
substances,an enzyme-linked polyclonalanti-IL-6 antibody was added.A
substratesolutionwasaddedtodevelopcolorinproportiontotheamountof
IL-6 bound.Theresultantcolorreaction wasread using a Victor2 (Perkin
Elmerlifesciences,Turka,Finland)at450nm andwavelengthcorrectionwas
setto540nm.QuantificationofIL-6wasperformedwithusingthepeakarea
ratio.
Serum high-sensitiveC-reactiveprotein(hs-CRP)levelsweremeasuredwithan
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Express+autoanalyzer(ChironDiagnosticsCo.,Walpole,MA,U.S.A.)usinga
commercially-available,high-sensitivityCRP-Latex(Ⅱ)X2kit(SeikenLaboratories
Ltd.,Tokyo,Japan)thatalloweddetectionofCRPlevelsaslow as0.001mg/dl
andashighas32mg/dl.

333...333...999...UUUrrriiinnnaaarrryyyPPPGGGFFF222αααα    aaannndddPPPlllaaasssmmmaaaMMMDDDAAA

Urinewascollected after12hourfastinpolyethylenebottlescontaining1%
butylated hydroxytoluene (BHT) before blood collection.The tubes were
immediatelycoveredwithaluminum foilandstoredat-70℃ untilextraction.
8-epi-prostaglandin-F2α (8-epi-PGF2α) was measured using an enzyme
immunoassay(Bioxytech8IsoprostaneTM Assaykit,OXISInternationalInc.,OR,
USA).Theresultantcolorreactionwasread usingVictor2 (PerkinElmerlife
science,Turka,Finland)at650nm.Quantificationof8-epi-PGF2α wasperformed
with using the peak area ratio. Urinary creatinine concentrations were
determined by the alkaline picrate (Jaffe)reaction,and urinary 8-epi-PGF2α 

levelswereexpressedaspicogramspermilligram creatinine.
Plasma malondialdehyde (MDA)wasassayed according to the fluorometric
method described byBuckingham.MDA areactswith thiobarbituricacid to
form absorption adduct with maximum absorption at 532nm.Absorption
measurements were obtained on Wallac Victor 2 1420 multilabelcounter
(PerkinElmerlifesciences,Turka,Finland).
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333...444...SSSTTTAAATTTIIISSSTTTIIICCCAAALLLAAANNNAAALLLYYYSSSIIISSS

AllanalyseswereperformedwiththeuseofSPSSversion12.0forWindows
(StatisticalPackagefortheSocialScience,SPSSIns.,Chicago,IL,U.S.A.).While
the pearson correlation coefficient was used for average,mean+SE,the
categorical variables were used for frequency. We compared baseline
characteristicsbetween theintervention and controlgroupsby using Paired
t-testforcontinuousvariablesand chi-squaretestsforcategoricalvariables.
And wecompared thedifferencein changesfrom baselineto follow-up in
dietarynutrientintake,bodyweight,serum lipidprofiles(total-,LDL-,HDL-
cholesterol, triglyceride), glucose related parameters (glucose, 2h OGTT,
HOMA-IR,insulin,FFA),lipid peroxidation (MDA,PGF2α)pro-inflammatory
cytokines (serum CRP,TNF-α,IL-6)between the intervention and control
groupsbyusingPairedt-tests.Inthemainanalysis,weincludedonlystudy
participantswhocompletedtheintervention.Resultsareexpressedasmean±SE.
A twotailedvalueofP<0.05wasconsideredstatisticallysignificant.
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444...RRREEESSSUUULLLTTTSSS

444...111...GGGeeennneeerrraaalllCCChhhaaarrraaacccttteeerrriiissstttiiicccsssooofffttthhheeesssuuubbbjjjeeeccctttsss

Studyparticipantsageweremean53.6±1.44yearsandmeanbodymassindex
25.0±0.40kg/m2 and mean fasting blood glucose 130±2.21mg/dl.Each Test
groupandplacebogroupdidnotshow differencesinage,BMI,andfasting
bloodglucoseonthestudyonset.Themalerangeofeachgroupdidnotdiffer
from sexrangeofeachgroupinTestⅠ group(n=15,71.4%),TestⅡ group
(n=14,60.9%)andplacebogroup(n=10,50.0%).

444...222...AAAnnnttthhhrrrooopppooommmeeetttrrriiicccaaannndddBBBllloooooodddppprrreeessssssuuurrreee

Baselinevaluesofeachgroupdidnotshow significantdifferencesbetween
eachTestgroupandplaceboinanthropometric.(Table5) Whenthepre-and
post-treatmentparametersofthesubjectswerecompared,BetweenTestⅠgroup
andplacebogroupdidnotshow significantchangesinbodyweight(kg),body
fat(%),leanbodymass(kg)andbloodpressureafter12weeks.(Table5)In
TestⅡ group,bodyweightdecreased 66.5±1.90kgto65.7±1.87kgsignificantly,
(p=0.026) and diastolic blood pressure decreased 84.4±3.35mmHg to
78.0±2.30mmHgsignificantly(p=0.025)after12weeks,whiletheothersdidnot
findsignificantchanges.(Table5)



- 24 -

TTTaaabbbllleee555...AAAnnnttthhhrrrooopppooommmeeetttrrriiicccpppaaarrraaammmeeettteeerrrsssaaannndddbbbllloooooodddppprrreeessssssuuurrreeebbbeeefffooorrreeeaaannndddaaafffttteeerrriiinnnttteeerrrvvveeennntttiiiooonnn

Mean±S.E.*p<0.05comparedwithinitialvalueineachgroup

TTTeeessstttIII(((nnn===222111))) TTTeeessstttIIIIII(((nnn===222333))) PPPlllaaaccceeebbbooo(((nnn===222000)))

BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk

BBBooodddyyywwweeeiiiggghhhttt(((kkkggg))) 70.60±2.03 70.10±2.01 66.50±1.90 65.70±1.87* 64.60±2.84 64.60±2.94

BBBooodddyyyfffaaattt(((%%%))) 29.10±1.66 29.40±1.52 28.70±1.95 28.80±1.73 28.80±1.85 28.30±1.71

LLLeeeaaannnbbbooodddyyymmmaaassssss
(((kkkggg))) 50.00±1.67 49.40±1.68 47.30±1.58 46.60±1.53 46.10±1.93 45.70±41.83

SSSyyyssstttooollliiicccBBBPPP
(((mmmmmmHHHggg))) 135.00±3.12 135.00±4.06 133.00±4.08 1300±5.15 129.00±3.21 129.00±4.01

DDDiiiaaassstttooollliiicccBBBPPP
(((mmmmmmHHHggg))) 82.00±2.37 83.20±1.89 84.40±3.35 78.00±2.30* 77.80±2.20 77.30±2.51
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444...333...SSSeeerrruuummm llliiipppiiidddcccooonnnccceeennntttrrraaatttiiiooonnn

In placebo group after12 weeks,serum lipid concentration did notshow
significantdifferences.(Table 8)In TestⅠ group after12 weeks,serum
cholesterolandLDLcholesterolchangesdecreasedsignificantlevelsstatistically
to -18.1±8.46mg/dland -23.6±6.55mg/dlrespectively compared with baseline
(p=0.045,p=0.002),HDLcholesterolincreasedto2.80±6.55mg/dlcomparedwith
baseline.(p=0.068)(Table8)(Figure5)In TestⅡ group,serum triglyceride
concentrationhadatendencytodecreaseto-23.7±13.0mg/dl,totalcholesterol
and LDL cholesterolchangesdecreased significantly to -27.0±3.98mg/dland
-27.0±3.78mg/dlrespectively compared with baseline (p<0.001)...And HDL
cholesterolchangesincreased significantly to 4.65±2.10mg/dlcompared with
baseline(p=0.038)after12weeks.(Table8)(Figure5)Thearterieshardenindex
(AI)didnotshow significantchangesinplacebogroup,whileitwasimproved
significantlyinbothTestⅠ groupandTestⅡ group(p=0.006,p=0.000)after
12weeks.(Table8)(Figure5)
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FFFiiiggguuurrreee666...CCCooommmpppaaarrriiisssooonnnooofffccchhhaaannngggeeesssiiinnntttrrriiiggglllyyyccceeerrriiidddeee,,,tttoootttaaalllccchhhooollleeesssttteeerrrooolll,,,LLLDDDLLL---ccchhhooollleeesssttteeerrrooolll,,,HHHDDDLLL---ccchhhooollleeesssttteeerrrooolllaaannndddaaattthhheeerrrooogggeeennniiiccciiinnndddeeexxxaaammmooonnngggttteeesssttt
aaannndddppplllaaaccceeebbbooogggrrrooouuupppsss
MMMeeeaaannn±±±SSS...EEE...ccchhhaaannngggeeedddvvvaaallluuueeessssssiiigggnnniiifffiiicccaaannntttlllyyydddiiiffffffeeerrreeennnttt(((ppp<<<000...000555)))aaarrreeeiiinnndddiiicccaaattteeedddbbbyyydddiiiffffffeeerrreeennntttllleeetttttteeerrrsssbbbaaassseeedddooonnnooonnneee---wwwaaayyyAAANNNOOOVVVAAA
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444...444...GGGllluuucccooossseeecccooonnntttrrrooolllrrreeelllaaattteeedddpppaaarrraaammmeeettteeerrrsss
(((GGGllluuucccooossseee,,,222hhhOOOGGGTTTTTT,,,HHHbbbAAA111CCC,,,IIInnnsssuuullliiinnn,,,HHHOOOMMMAAA---IIIRRR,,,FFFFFFAAA)))

Mean fasting blood glucose changes after 12 weeks decreased to
-2.29±4.04mg/dlin TestⅠ group,-4.39±2.66mg/dlin TestⅡ group,and
-1.40±3.96mg/dlinplacebogroupcomparedwithbaseline. Meanfastingblood
glucose were more decrease TestⅠ,Ⅱ groupsthan placebo group,while
changeswere notsignificantstatistically.(Table 6)In addition,In subjects
which fasting blood glucoseismorethan 110mg/dl,blood glucosehad a
tendencytodecreasefastingbloodglucoseafter12weeks.(p=0.055)(Table7)
Blood glucosechangesof2hOGTT decreased to-18.6±12.1mg/dlinTestⅠ
group,-4.22±12.5mg/dlinTestⅡ group.AllTestgroupswereimproved2h
OGTT,whileplacebogroupincreasedbloodglucoseafter2hOGTT,butthese
werenotsignificantstatistically.(Table6)Inaddition,Insubjectswhichfasting
blood glucoseismorethan 100mg/dl,2h OGTT did notshow significant
differencesinallgroupsafter12weeks.
HbA1C changesafter12weekshadatendencytodecreaseto-0.13±0.07% in
TestⅠ group,decrease to -0.06±0.12% in TestⅡ group compared with
baseline,which did notfind significantdifferencesstatistically.In placebo
group,HbA1Cchangesincreasedto0.02±0.11% comparedwithbaseline,which
werenotsignificantdifferencesstatistically.(table6)In addition,in subjects
which fasting blood glucose is more than 110mg/dl,HbA1C decreased
significantlyinTestⅠ groupafter12weeks.(p=0.013)(table7)
In allTestgroups after 12 weeks,insulin,HOMA-IR and FFA showed
significantdifferencescomparedwithbaseline.(Table6)Inplacebogroupafter
12weeks,FFA concentrationdidnotshow significantdifferences,whileserum
insulin concentration and HOMA-IR had a tendency to increase.(p=0.059,
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p=0.067)(Table4)Inaddition,insubjectswhichfastingbloodglucoseismore
than 110mg/dl,serum insulin,HOMA-IR and FFA did notshow significant
changesinallTestgroups,whileserum insulinconcentrationhadatendency
todecreasecompared with baseline(p=0.069),HOMA-IR had atendencyto
increasecomparedwithbaseline(p=0.087)inplacebogroup.(Table7)

444...555LLLiiipppiiidddpppeeerrroooxxxiiidddaaatttiiiooonnn,,,ppprrrooo---iiinnnffflllaaammmmmmaaatttooorrryyycccyyytttoookkkiiinnneeesss

Table8listslipidperoxidation,pro-inflammatorycytokinesaccordingtobefore,
after intervention of red yeast rice supplement in three groups. The
concentration ofMDA,theindex oflipid peroxidation,had atendency to
decreaseinTestⅡ group,butdidnotshow significantdifferencesinTestⅠ,
placebogroups.On theotherhand,theconcentration ofurinaryPGF2α,the
indexoflipidperoxidation,hadatendencytoincreaseinplacebogroup,but
didnotshow significantdifferencesinTestⅠ,Ⅱ groups.
TheconcentrationofTNF-α andserum CRPamongpro-inflammatorymakers
didnotshow significantdifferencesinallgroups,whileIL-6concentrationhad
a tendency to increase in placebo group,butdid notshow significant
differencesinTestⅠ,Ⅱ groups.
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TTTaaabbbllleee666...GGGllluuucccooossseeemmmeeetttaaabbbooollliiisssmmmpppaaarrraaammmeeettteeerrrsssbbbeeefffooorrreeeaaannndddaaafffttteeerrriiinnnttteeerrrvvveeennntttiiiooonnn

MMMeeeaaannn±±±SSS...EEE...ǂǂǂppp<<<000...111000cccooommmpppaaarrreeedddwwwiiittthhhiiinnniiitttiiiaaalllvvvaaallluuueeeiiinnneeeaaaccchhhgggrrrooouuuppp
***HHHOOOMMMAAA---IIIRRR(((HHHooommmeeeooossstttaaasssiiisssmmmooodddeeelllaaasssssseeessssssmmmeeennnttt------eeessstttiiimmmaaattteeedddiiinnnsssuuullliiinnnrrreeesssiiissstttaaannnccceee)))==={{{fffaaassstttiiinnngggiiinnnsssuuullliiinnn(((uuuUUU///mmmLLL)))×××fffaaassstttiiinnnggggggllluuucccooossseee(((mmmmmmooolll///LLL)))}}}(((222666)))

TTTeeessstttIII(((nnn===222111))) TTTeeessstttIIIIII(((nnn===222333))) PPPlllaaaccceeebbbooo(((nnn===222000)))

BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk

GGGllluuucccooossseee(((mmmggg///dddlll))) 127.00±4.41 125.00±5.20 128.00±2.39 124.00±3.43 134.00±4.20 132.00±5.59

GGGllluuucccooossseee111222000'''
(((mmmggg///dddlll))) 215.00±16.20 196.00±17.30 220.00±10.20 216.00±13.50 217.00±17.40 234.00±17.20

HHHbbbAAA111ccc(((%%%))) 6.50±0.18 6.37±0.18ǂ 6.39±0.12 6.33±0.13 6.39±0.11 6.41±.0.14

IIInnnsssuuullliiinnn(((IIIUUU///mmmlll))) 8.58±0.71 8.56±0.70 8.56±1.15 9.16±1.66 8.01±0.70 9.62±1.13ǂ

HHHOOOMMMAAA---IIIRRR ***
2.70±0.23 2.60±0.22 2.77±0.43 2.82±0.55 2.61±0.22 3.10±0.33ǂ

FFFFFFAAA(((uuuEEEqqq///LLL))) 458.00±44.30 382.00±32.50 438.00±36.40 417.00±28.00 446.00±39.10 399.00±35.50
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TTTaaabbbllleee777...GGGllluuucccooossseeemmmeeetttaaabbbooollliiisssmmmpppaaarrraaammmeeettteeerrrsssbbbeeefffooorrreeeaaannndddaaafffttteeerrriiinnnttteeerrrvvveeennntttiiiooonnn(((sssuuubbbjjjeeeccctttssswwwiiittthhhfffaaassstttiiinnnggggggllluuucccooossseee≥≥≥111111000mmmggg///dddlll)))

MMMeeeaaannn±±±SSS...EEE...ǂǂǂppp<<<000...111000,,,***ppp<<<000...000555cccooommmpppaaarrreeedddwwwiiittthhhiiinnniiitttiiiaaalllvvvaaallluuueeeiiinnneeeaaaccchhhgggrrrooouuuppp
***HHHOOOMMMAAA---IIIRRR(((HHHooommmeeeooossstttaaasssiiisssmmmooodddeeelllaaasssssseeessssssmmmeeennnttt------eeessstttiiimmmaaattteeedddiiinnnsssuuullliiinnnrrreeesssiiissstttaaannnccceee)))==={{{fffaaassstttiiinnngggiiinnnsssuuullliiinnn(((uuuUUU///mmmLLL)))×××fffaaassstttiiinnnggggggllluuucccooossseee(((mmmmmmooolll///LLL)))}}}(((222666)))

TTTeeessstttIII(((nnn===111777))) TTTeeessstttIIIIII(((nnn===222111))) PPPlllaaaccceeebbbooo(((nnn===111999)))

BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk

GGGllluuucccooossseee(((mmmggg///dddlll))) 133.00±4.47 129.00±5.52 130.00±2.69 125.00±3.69ǂ 135.00±4.07 133.00±5.80

GGGllluuucccooossseee111222000'''
(((mmmggg///dddlll))) 224.00±17.90 201.00±19.70 223.00±11.10 218.00±14.50 221.00±17.90 238.00±17.40

HHHbbbAAA111ccc(((%%%))) 6.59±0.21 6.42±0.21* 6.45±0.12 6.38±0.14 6.42±0.11 6.42±.0.14

IIInnnsssuuullliiinnn(((IIIUUU///mmmlll))) 8.59±0.83 8.31±0.81 8.95±1.23 9.48±1.81 7.83±0.72 9.47±1.18ǂ

HHHOOOMMMAAA---IIIRRR ***
2.80±0.27 2.62±0.25 2.92±0.45 2.94±0.60 2.60±0.23 3.09±0.35ǂ

FFFFFFAAA(((uuuEEEqqq///LLL))) 477.00±47.40 381.00±35.50 428.00±39.00 409.00±29.00 443.00±41.20 402.00±37.40
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TTTaaabbbllleee888...LLLiiipppiiidddpppeeerrroooxxxiiidddaaatttiiiooonnn,,,ppprrrooo---iiinnnffflllaaammmmmmaaatttooorrryyycccyyytttoookkkiiinnneeesssbbbeeefffooorrreeeaaannndddaaafffttteeerrriiinnnttteeerrrvvveeennntttiiiooonnn

MMMeeeaaannn±±±SSS...EEE...ǂǂǂppp<<<000...111000cccooommmpppaaarrreeedddwwwiiittthhhiiinnniiitttiiiaaalllvvvaaallluuueeeiiinnneeeaaaccchhhgggrrrooouuuppp

TTTeeessstttIII TTTeeessstttIIIIII PPPlllaaaccceeebbbooo

BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk BBBaaassseeellliiinnneee 111222wwweeeeeekkk

MMMDDDAAA(((nnnmmmooolll///mmmLLL))) 11.50±1.50 9.50±0.41 14.77±2.30 10.29±0.52ǂ 10.92±1.21 9.76±0.51

uuurrriiinnnaaarrryyyPPPGGGFFF222αααα    

(((pppggg///mmmgggcccrrreeeaaatttiiinnniiinnneee)))
1941.99±172.99 2114.91±146.39 1921.32±188.74 1970.31±194.78 1546.99±128.03 1877.14±205.62ǂ

TTTNNNFFF---αααα    (((pppggg///mmmLLL))) 1.12±0.10 1.00±0.14 0.93±0.75 0.84±0.18 0.93±0.10 0.81±0.13

IIILLL---666(((pppggg///mmmLLL))) 2.70±0.23 2.60±0.22 2.77±0.43 2.82±0.55 2.61±0.22 3.10±0.67ǂ

ssseeerrruuummm CCCRRRPPP(((mmmggg///dddLLL))) 1.58±0.35 1.38±0.39 2.09±0.70 1.34±0.44 1.29±0.57 1.65±0.36
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444...666HHHaaaeeemmmaaatttooolllooogggyyy․․․CCChhheeemmmiiicccaaalllBBBllloooooodddaaannndddUUUrrriiinnneee

Theresultsthatanalyzinghaematologytest,RBC (redbloodcell),WBC(white
bloodcell),Hct(hematocrit),Plateletetc.,didnotshow significantdifferences
inallgroupsafter12weeks.(Table9)
Whenthepre-andpost-treatmentparametersofthesubjectswerecompared,
GOT and GPT concentration decreased significantly (p=0.045,p=0.014)and
serum creatinineconcentrationdecreasedsignificantlytoo(p=0.012)inTestⅠ
group,which iswithin normalrange.(Table9)Theliverparameters(GOT,
GPT)and the renalparameters(BUN,creatinine)did notshow significant
differencestopre-andpost-treatmentinTestⅡ groupandplacebogroup.
(Table9)

444...777TTToootttaaalllcccaaalllooorrriiieeeiiinnntttaaakkkeee․․․TTToootttaaallleeennneeerrrgggyyyeeexxxpppeeennndddiiitttuuurrreee

Totalcalorieintake(TCI)andtotalenergyexpenditure(TEE)ofadaydidnot
show significantdifferencesinallgroupsafter12weeks,butintakeratioof
protein(%/TCI/day)hadatendencytodecreaseinTestⅡ group.(p=0.083)
(Table10)Inplacebogroup,TCIhadatendencytodecrease(p=0.057),while
TEE,and intake ofcarbohydrates,fat,protein (%/TCI/day)did notshow
significantchanges.(Table10)Inallgroups,intakeofcholesteroladaydidnot
show significantchanges.(Table10)
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TTTaaabbbllleee999...LLLaaabbbooorrraaatttooorrryyymmmeeeaaasssuuurrreeemmmeeennntttsssbbbeeefffooorrreeeaaannndddaaafffttteeerrriiinnnttteeerrrvvveeennntttiiiooonnn

MMMeeeaaannn±±±SSS...EEE...***ppp<<<000...000555,,,******ppp<<<000...000111cccooommmpppaaarrreeedddwwwiiittthhhiiinnniiitttiiiaaalllvvvaaallluuueeeiiinnneeeaaaccchhhgggrrrooouuuppp
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TTTaaabbbllleee111000...DDDaaaiiilllyyyfffoooooodddiiinnntttaaakkkeeeaaannndddtttoootttaaallleeennneeerrrgggyyyeeexxxpppeeennndddiiitttuuurrreeebbbeeefffooorrreeeaaannndddaaafffttteeerrriiinnnttteeerrrvvveeennntttiiiooonnn

MMMeeeaaannn±±±SSS...EEE...ǂǂǂppp<<<000...111000cccooommmpppaaarrreeedddwwwiiittthhhiiinnniiitttiiiaaalllvvvaaallluuueeeiiinnneeeaaaccchhhgggrrrooouuuppp,,,111TTToootttaaalllcccaaalllooorrriiieeeiiinnntttaaakkkeee,,,222TTToootttaaallleeennneeerrrgggyyyeeexxxpppeeennndddiiitttuuurrreee
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555...DDDiiissscccuuussssssiiiooonnn

MonacolinKisapotentinhibitorofHMG-CoAreductaseasanaturalcholesterol-
loweringagent,andisalsoknownasMevinolinorLovastatin.(21)Lovastatindose
whichhasbeensoldasdrugisfrom20mgto80mgaday,butamaximummonacolin
Kintakeasredyeastricesupplementationisfarlowerthanlovastatinas8mgaday.
Inthisclinicalstudy,usedredyeastricesupplementationamountrestrictedwithina
monacolinK8mg/daybyastandardoftheKoreaFoodandDrugAdministration
(KFDA)(27).
Highbloodlipidandlipoproteinlevelsincreasetheriskofdiabetes.Ithasbeen

longknownthatanincreaseinserum triglyceridelevelsinmetabolicsyndrome
increasestheriskofimpairedglucosetolerance.(7)Inthisstudy,wemeasuredserum
lipid profile (total-, LDL-,HDL-cholesterol,triglyceride)before and after
intervention.Measuredresultsshowdsignificantchanges.BothTestⅠ andTestⅡ
groupshadsignificantimprovementinLDLcholesterolandatherogenicindex(AI)
comparedwithplacebogroup(p<0.05).Additionally,totalandHDLcholesterol
improvedsignificantlyinTestⅡ group comparedwithplacebogroup(p<0.05).
Therefore,redyeastricesupplementationinsubjectswithimpairedglucosetolerance
orimpairedfastingglucoseiseffectivetoimproveserum lipidprofileandAI.
Especiallywithahighdoseithadatendencytogetbetterresults.
Theexistingstudiesmainlyhavebeen theclinicalstudiesjoining subjects

with hyperlipidemia(27,41,41),butthisstudy ismeaningfulto evaluatethe
effect of red-yeast-rice dietary supplementation on cholesterol-lowering in
subjectswithimpairedglucosetoleranceorimpairedfastingglucosewhom a
controlofserum lipidconcentrationisimportant.Also,althoughnormaleating
patternhavebeenmaintainedinthisstudy,serum lipidconcentrationshowed
significantresults.Here,wefound thatred yeastriceapotentcompetitive
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inhibitorofHMG-CoA reductaseregardlessofeatingpattern.Cholesterolisa
waxy,fat-likematerialthatisfoundinallpartsofthebody.Itcomesfrom
two sources:ourliverproducesit,and weconsumeitin meatand dairy
products.WesupposedthatthisresultestablishthefactthatmonacolinKacts
onendogeniccholesterol(51).
Inthisstudy,wemeasuredglucosecontrolrelatedparameters(glucose,2h

OGTT, HOMA-IR, insulin, FFA) before and after the supplementation.
Measured results did notshow significantchanges by and large.Fasting
glucose decreased in Testgroups and increased in placebo group after
intervention.which did notshow significantdifference.In subjects which
fastingbloodglucoseismorethan110mg/dl,fastingglucosehadatendency
todecreaseintestⅡ group(p<0.1)andHbA1chadsignificantdecreaseinTest
Ⅰgroup,whileinsulinandHOMA-IR hadatendencytoincreaseinplacebo
groupafterintervention.Meanchangesofglucoserelatedparameterscompared
with placebogroup did notshow significantdifferences.Theseresultswere
insignificantto establish afunctionalfood and aeffectivedoseon glucose
controlof redyeastrice.
Inthisstudy,althoughredyeastricewasinsignificanttheeffectonglucose

control,we measured additionally whether red yeastrice influence lipid
peroxidation and pro-inflammatory cytokines. First, we measured the
concentrationofMDA andurinaryPGF2α,theindexoflipidperoxidation.In
results,MDA hadatendencytodecreaseinTestⅡ group,whileurinaryPGF2
α hadatendencytoincreaseinplacebogroup.theseresultscorrespondedwith
a decreaseofserum lipid concentration.Low degreeinflammatory markers
(TNF-α,IL-6andCRP)wereshowntoreflecttype2DM developmentrisk.(7)
Inflammatory cytokinessecreted by macrophageand T lenfositsmodify the
endothelialfunction,smoothmusclecellproliferation,collagendestructionand
thrombosis(52,53).TNF-α and IL-6havebeen known to inhibitthelipose
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activityoflipoproteinandstimulatetheliposisinadiposetissue(54,55).TNF-α 

causes insulin resistance by reducing the insulin signaling and GLUT-4
expression (56).Itisargued thatprogression from centralobesity towards
insulinresistancecanbeinterruptedbyobtainingadecreaseinthesecytokines
viastatin treatment.Guclu etal.(57)reported thattheincreasein insulin
resistancewhichwasobtained byusingpravastatincanbeattributed tothe
inhibitionoftheabovementionedpro-inflammatorycytokines,eventhoughnot
measured.ithasbeenshowninthisstudythatusingstatinindyslipidemia
treatment of metabolic syndrome cases is a treatment approach having
advantageous effects on insulin resistance.Accordingly,we supposed that
monacolinK,aningredientofstatin,influencepro-inflammatory.Inthisstudy,
we measured CRP, TNF-α, IL-6 as pro-inflammatory. In results, The
concentrationofTNF-α andserum CRPdidnotshow significantdifferencesin
allgroups,whileIL-6concentration had atendency to increasein placebo
group.Weconsiderthattheseresultswereinsignificantbyreasonofasmall
number.
TheexistingstudieshavebeennotidentifiedthatminacolinK ofredyeast

rice examine whether glucose-lowering related to serum lipid-lowering
influence.Therefore in thisstudy,monacolin K asdietary supplementation
examined whether glucose controlrelated to a main function of serum
lipid-lowering influence,butglucosecontrolrelated parameters(glucose,2h
OGTT,HOMA-IR,insulin,FFA)didnotshow significantchanges.
In conclusion,subjectswith impaired fasting glucoseorimpaired glucose

tolerance significantly improved in serum lipid profile by red yeastrice
supplementationwithoutserioussideeffects.Thesearemoreeffectiveinthe
caseofahighdose.Theeffectsofredyeastricesupplementationonglucose
controlwereinsignificant.ThisstudyfocusedonmonacolinK,butweconsider
thatother ingredientswith monacolin k ofred yeastricehaveeffecton
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glucose controlvia results on blood glucose in this study.In addition,
longer-term clinicalstudiesshouldbeperformedwithlargernumberofsubjects
to determinetheeffectsofred yeastriceon theinsulin resistancein the
subjectswithimpairedglucosetoleranceorimpairedfastingglucoseandtype2
DM.
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국국국 문문문 요요요 약약약

공공공복복복 혈혈혈당당당장장장애애애 및및및 내내내당당당능능능장장장애애애자자자에에에서서서 홍홍홍국국국의의의 섭섭섭취취취가가가
혈혈혈중중중지지지질질질 및및및 혈혈혈당당당 조조조절절절에에에 미미미치치치는는는 영영영향향향

내당능 장애와 공복혈당장애는 장차 당뇨병으로 진행되거나 심혈관 질환을 일
으키는 위험인자로 간주되어 적절한 혈당 및 혈중지질수치의 조절이 필요하다.홍
국의 기능성분인 모나콜린-K는 statin계열 약물의 주원료로서 이미 지질 강하제로
잘 알려져 있다.홍국의 지질 강하제 이외의 다른 효과로서 동물 자체 효력 시험
과 문헌 고찰을 통해 혈당 강하 효과가 보고되고 있으므로 이중맹검,무작위배정,
위약 대조 인체시험을 통하여 홍국의 혈중 지질 및 혈당 개선에 대한 효능을 확
인하는 목적으로 본 연구를 실시하였다.
본 연구는 18-80세 사이의 남녀를 대상으로,스크리닝 시 공복혈당이 110mg/dl

이상 126mg/dl이하인 공복 혈당 장애이거나 경구 당 부하 검사 2시간 후 혈당이
140mg/dl이상 199mg/dl이하인 내당능 장애자이거나 당화혈색소 수치가 6%이
상 7%이하인 자로서 심각한 합병증이 없는 사람을 대상으로 하였으며,홍국 저용
량군(TestⅠ)21명,고용량군(TestⅡ)23명,Placebo20명으로 총 64명을 대상으로
12주간 검사에 대한 결과분석을 실시하였다.1차 유효성 지표로 혈중 지질관련 지
표인 중성지방,총 콜레스테롤,LDL 콜레스테롤,HDL 콜레스테롤,Atherogenic
index(AI)를 측정하였으며,2차 유효성 지표로 혈당 지표인 공복 혈당,경구 당부
하 검사 2시간 혈당치,당화혈색소,인슐린,HOMA-IR,유리지방산을 측정하였다.

홍국의 섭취가 혈중 지질 농도에 미치는 영향을 살펴보면,시험군에서 제재 섭
취 전후로 중성지방,총콜레스테롤,LDL콜레스테롤,HDL콜레스테롤 수치가 유의
적으로 개선되었으며 동맥경화지수도 유의적으로 향상되었다.또한 홍국의 고용량
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군의 총콜레스테롤,HDL콜레스테롤과 LDL콜레스테롤 및 동맥경화지수 개선 정
도는 Placebo군의 변화량과 비교하여 유의적으로 개선되는 것으로 나타났고,저용
량군의 경우에도 LDL콜레스테롤과 동맥경화지수 개선 정도가 Placebo군의 변화
량과 비교하여 유의적으로 개선되었다.따라서 홍국의 섭취는 혈중 지질 농도와
동맥경화지수를 개선시키는데 효과적이며,고용량의 경우 더욱 효과적일 것으로
사료된다.홍국의 섭취가 혈당조절에 미치는 영향을 살펴보면,모든 시험군에서
제재 섭취 12주 후 공복혈당이 감소하였고,시험군이 Placebo군에 비해 더욱 감소
하였으나 통계적으로는 유의하지 않았다.주평가지표인 공복혈당을 기준으로 공복
혈당 110mg/dl이상인 피험자만을 대상으로 당대사 관련 지표를 분석한 결과,홍
국 고용량군에서 공복혈당의 감소경향이 관찰되었고,홍국 저용량군에서는 당화혈
색소의 유의적인 감소 효과를 확인하였으나 Placebo군의 변화량과 비교하여 유의
적이지 않았다.
따라서 공복혈당 장애자 또는 내당능 장애자에서 하루 홍국 분말 2.52g(저용량

군)또는 5.04g(고용량군)을 포함한 건강기능식품을 12주간 섭취시킬 경우 혈중
지질 농도와 동맥경화지수의 개선으로 심혈관 질환의 위험도를 낮출 수 있을 것
으로 보이며,고용량군일 경우 더 효과적일 것으로 사료된다.홍국의 섭취가 혈당
조절에 미치는 효과는 미약하여 혈당조절 기능성과 유효용량을 설정하기 위해서
는 다수의 피험자를 대상으로 한 장기 임상연구가 후속적으로 더욱 필요할 것으
로 사료된다.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
핵핵핵심심심되되되는는는 말말말 :::홍국,Monacolin-K,혈중지질 농도,이중 맹검/시험군-대조군 실험,

혈당 조절
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