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8 9 ! Oleic acid9] EAEE 5o g cholesterol FEAES] F3FE Hrh & oldstr] ¢lsl
2kl H7MEEo] ZEJE oleic acid Al=el disf WX, AAZ, IR, 'H NMR, self-diffusion
coefficients &Hst3tt. ©o] &3S 55t cholesterol, cholestanol, cholestane, cholesteryl oleate,
benzene, ethanol 52] H7F=0] EZ3HH oleic acid Al&o] o]&9 &7t ofEA yYeht=x] & 4+ 3l
it OH7|¢} shte] o] A%HS 2E1l 9= cholesterol2 oleic acide] AAEE 27 17}/\]7301’} =}
A FaASE, A 52 AT O E A7EES A8 23 OHY 9 |57, o154 A=
of we} kol ‘342]'01' o}, A oe-E9] A HAAEE Aastov AA A}t £ &5
2 J7lots AAE HoFh ol Ade } 02 oleic acide offgh-E ¥ ofyz}t cholesterolt
2H2S Aot E =0 o|FA= HIFHHE] WSiAE ol 4 Uit ol ZHE FAT oleic

oA 2 o]2oA AFA e A ZAE HIEFO 2 oleic acid?] BEAFEA £%=of )3t cholesterol

FAo - g, FE, A, HEE 2R 2ELE A

Abstract : The influence of cholesterol on the physicochemical properties of the oleic acid was
clarified through the measurements of density, viscosity, IR, 'H NMR , self-diffusion coefficient for
the oleic acid samples containing a small amount of additives such as cholesterol, cholestanol,
cholestane, cholesteryl oleate, benzene, and ethanol. Cholesterol, possessing one OH group and one
double bond in its molecular structure, largely increased the viscosity and reduced the self-diffusion
coefficient and the intramolecular movement of oleic acid. Oleic acid forms a complex with
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cholesterol as well as with ethanol. On the basis of these complex formations and the existence of

the clusters composed of oleic acid dimers, it was known the role and the fundamental mechanism

of cholesterol to the intermolercular and intramolecular movements of oleic acid in the liquid state.
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AAEEe ot FHie] 28 23 gle
U, 159 7][EFZX+= phospholipids®] ©l5%
B  FHiz  o]Folx  x
phospholipidsE2 #4 FHEGQRE cis 33}
AAtE Zsta ok Agat el cis =25}
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2 Atode 9 p, HAE n, 'H NMR,
IRe] £4& &3t cholesteroldt o+ H7He
(cholestanol,  cholestane, cholesteryl —oleate,
ethanol)&E°] oleic acid®] o8 =gy A2
of e JFS AT ET AAfelA
oleic acid®] 2t A%, £ 5o gt
cholesterol9] g dofH oy,
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Oleic acid(cis—9-octadecenoic acid 99.9 %
pure), cholesterol(5—cholesten 99.8%  pure),
cholesteryl oleatex= Aldrich chemicals®] A]oFS
A&, Cholestanol®} choleatane2 Fluka 2
FEH  FYsto]  ARESERTE Ethanol(99.7%
pure), benzene(99.7% pure), carbon tetra
chloridet= 2% Aldrich2 ®E gt & 54
molecular sievesS ¥ ZF3lo] &551A4 AHA|
gF ¥ ol gsteirt. AA AHA HrEE ¥
8%, BA 92 A Oleic acid®] 9= (p), 4
A% (n)= ZZ vibration type density meter
(Anton Paar model DMA)®t Ubbelohde
viscometer (Shibata Co.)& ©]&sto] ZAotA
o 9k S ARY ALEE Aitsted
AFEE o™, oleic acidolA cholesterol®] &3]
L7 27] wjEof] AAL cholestrol 7|ELE
0.15 ©]5te] moles-&ollA 4353t

7S 9ds Aeet dEds o, AA
gloll A oleic acid®] ZHA] S4HA4D) # EH=
25t NMR HPHE o] 83519 91 oleic acid2]
carboxyl 719] chemical shift= tetramethylsilane
(TMS)E  EFo2 =439t NMR
spectrometer= JEOL Model EX-400& ©]-&35}t
At ESF CCly 8MofA] cholestrol, ethanol %

- 814 -



Vol. 36, No. 3 (2019)

< Aot 9 W, oleic acid®] IR spectra®
Perkin Elmer FT-IR 1600 spectrometerE ©]-&
ato] 2em™ AR ZAEHH

3. Zal » pat

= x =
Fig. 12 oleic acid/cholesterol 23}&59] A4
T p ¢ o8 2ZoA cholesterol 2R-& x

Atole] IAIE UEr Stk HAE gk pol
cholesterol EE-&°] F7FIHA & F7toH=
A & 4 doH, 2Lt SUleHH o] g2 2
A #FageE AE & 4 Stk Cholesterol>
oleic acide] HAAEE Z7HA It AS BE
5] Holal Qi
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Fig. 1. Influence of cholesterol on the viscosity
of oleic acid under various constant

temperatures (m30°C, (O) 40°C,
(A)50°C, (&) 60°C, (@) 70°C, (D)
80°C.

Fig. 2= ol 2xold A4 oleic acid®)
ZHA 414 DEL oleic acid/cholesterol &3H&
o)A cholesterol Z%& Atolo] TWAZS HolFW
At A4 D= cholesterol B5%7F F7}ot
WA 2g4 Hgadchks 2SS o4 4 Stk 18y
257F S7¥skd o] StAs- D 32 IA S0t
St ZAe Uehdch adng njAd AR
A A= AAA A HAExet Hits
Zgoke ¢ 4 ok Oleic acido] Eapy BA
L% gt cholesterol®] oA &1HE LolH 7]

Oleic acid®] of2] &2j2tets] dde] WA= CholesterolAl =49 FF 3

Al HA7tEol = et §le A%, oleic acid
of Q& carboxyl”] 449 chemical shift o %t
S ZAst9t Fig. 32 HEW off cholesterol

TE ZANA 222} chemical shift ¢ AFo]9]
HAE HolFa Qry. £45F oleic acid9]

carboxyl”] 4t &7} 22kl w2t upfield
2 olgsts A& & 4 Utk ©] upfield °l52
A O 2 carboxyl 7|2 o]Fo]Zl o]A|olA
FAaAddo] o gulgtt. & 257t A
Stof] whef vl 22 H]&o|7] opA|Tt oleic acid
o oAt mIEE A4S BT EE
cholesterol 715 2Z3SIL QlE= oleic acid Al=
oA H|S=t HZ =2 carboxyl7]9] 4= upfield
ols< UeEH thEE oA cholesterol
2 carboxyl 719 44 upfield °]5& F=5HA
o} o] 49 upfield ©]F2 cholesterol &5
7t AXH Fke] HESIY Frtstath S
cholesterol-& 9@ 9] oleic acid °]gd] Exuo]
Q= F2dgE ZE-s 982 X%t £
4 Utk 97 oA S AWA DA
Tt S7VsAtE AS Qulstal Aol A
AL 45 7tHemH, EoE oleic acid AH4| &
AG0 F7VE Fohs dTE A A Hrth

D /10" m?s?
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Fig. 2. Influence of cholesterol on the self-

diffusion coefficient of oleic acid

under various constant temperatures :
(W30°C, (O) 40°C, (A)50°C, ()
60°C, (@) 70°C, (O) 80°C.
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Fig. 3. Temperature dependence of the 'H
NMR chemical shift of carboxyl group
of oleic acid with or without
cholesterol, mole fractionof cholesterol
s (x) = 0(©), 0.05(C), 0.1(A), 0.15
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Fig. 4. IR spectra over the 3100 — 3800cm!
region of 0.2 mol-dm™ oleic acid(A),
0.2 mol-dm™ cholesterol (B), and 0.2
mol-dm™ mixture acid/cholesterol (C).

Oleic acid®] #4237} st cholesterol
o Agdo] ysto] PotH 7] L5 cholesterol©]
S Mot glE H¢ =5 IR spectraE SHot
gt} Fig. 4= 3000 - 3800 cm™' HSJolA 0.2
mol dm™ oleic acid (A), 0.2 mol dm™
cholestrol (B), 0.2 mol oleic acid/cholestrol &
FE (O A= RS HoF Qo Fig. 5
1500 - 1900 cm™ WLJellA A= A, B, C2] IR
& 47 YeRfal Itk Fig. 494 oleic acid
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(A)E 3250 cm'oflA] FAT Aot WE 3
ol=d] o]AL oleic acid @FAe] -OH A=A
T "ol vEhd Aojgt & 4 Qo 33 g2
] carboxyl —~-OH71¢] A1&X% 3} methyl”] 2]
-CH Al%o] siAA yehstal, methylene”]+=
3300cm™ ofgfoll Al et 982 & 4= 9lrh
Cholesterol®] RS HH(B) 3620cm oA T
22 Y AREE -OH A5z <l
AdHeg dri2e n3E yebla glar, ZHA|
3 YH  teAe FAEFeR A9
3340cm™ HZA @e m3E yepfa 9t
Spectrum CE oleic acid®} cholesterol E3H&E-2]
e Yetd=d ©<3] oleic acid®} cholesterol
o] At FHt o= AS & 5 Urth
3620cm™ ! B2l 9l cholesterol #219] -OH
AEZFY AvE 735 HA Be 7o) &%
= ¥ CEY ¢ Foit= AL & 5
& THEAAE AF=RE -OH7|Y &3
oleic acid2 wgo| A= AL ZolErh
Fig. 5% 1500 -1900 cm™ 99} IRE HojF
Sl=dl cholesterol (B)= olH &4k doji}
ket 1720em™! oA oleic acid T (A)
= acid/cholesterol = (C) Ett ¢ Z+sH
ettt o]Ae oleic acid oA A
caboxyl 7|7} cholesterol wj&ol Z4st37]
o2 Zoldr}. W /2L carbonyl 7|2
Qlgh 1760cn™ FZelAE A zol7b gl
2 4 9=, o]= cholesterolo] oleic acide] 2
5 carboxyl 71  msiAt AHRe
carboxyl 719] = YAsith= AL Toleth

0,

°l

o, ¥
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Fig. 5. IR spectra over the 1500 - 1900 cm-1
region of 0.2 mol:dm™ oleic acid(A),
0.2 mol-dm™ cholesterol (B), and 0.2
mol-dm™ mixture acid/cholesterol (C).
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Oleic acid®} cholesterol Ato]9] +AATS &
o gste) o] ) R AMELS] ERE
(OR2E¥E oleic acid(A)e} cholesterol(B)S wj3
At olFA AJAIZIHA oleic acid ©SfeA A}
&9 -CH el 23t 7[9E glef7] w2l
S|4 ©A] oleic acid®} cholesterol Ato]9]

Aol ogt #sgr yEhA gt o] 2A
ojzl z}ol7} Fig. 60 3100 - 3800cm™’ (a)7}
1500 = 1900 cm™ (b) Well 24 e} it
Fig. 6(@)& HEW cholesterol®] -OH 7|2 <13t
3620cm™ mIE wloluAg Holed o]
3 Ee wf cholesterol® -OH 7|7} oleic
acidel] oJsff ARESZ] wio|tth FrHe| oleic
acid®] carboxyl 7ol 95 VEhE 3520cm ™!
B ot S7lohs @S Bl Qi
Zo)jg2e AL 3430 cm ' 3200cm oA F
7hel \We w7t veht=t (6a), o] £ T+
cholesterol@} oleic acidd]l &= -OHZ| Ate]g]
Aoyt 71Qlst= Aoz Azt
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Fig. 6. A difference spectrum in the 3100 -
3800 cm™' region (a), 1500 -1900
cm™! region (b) for the oleic acid
/cholesterol mixture system. The band
due to free OH largely decrease, and

OH--O=C band appears near 3500

cm 1.

Oleic acid®] of2] &e]2tet2] gAde] mA= CholesterolAl F=A419 G 5

1500 - 1900cm™'Ate]e] 18-S B (Fig. 6b)
oleic acid O|AZ QI8 1710cm oA ZAska,
1730cm™ oAl Z7}st=d] ol= cholesterol®] -
OH 71¢} oleic acid®] carbonyl Atolel] A7 2
g (OH:-0=C) w&o|tt. o]&Ast H carbonyl
7] 9o =2 cholesterol2 1690cm '9] WIS =
7 N7)=t], o]AL cholesterole oleic acidel]l A
1AL o oleic acid oA @Y Ex2 g
=HA  cholesterol®] -OH7|¢ ZAjte Eolo
cholesterola} Ag}eithi= AHA-E Qlm]gitt,

A o2 cholesterol®] -OH7|9} oleic acid
9] C=07] Afele]l £AaZFF B ofg
cholesterol®] -OH7|%} oleic acid COOH9] -
OH7| Atolo ME& F4Avto] ghEo] AW
A ZE FEZE FAEEL, oA o] A=A
2 oI5l HAA|A oleic acide] B = Baf
W o] #Aashs 2d3E gt

Cholesterol©] oleic acid®] o2 AAE =
AE, A4 A, 2 250l vA= 9
= & © AAls] LotEr] I8l cholestane,
cholestanol, cholesteryl oleate, benzene &2 t}
£ 74 dtisiA Ak Fig. 72 A4
Lo mAl= 2 E4E9Y 9FS dEz
Att. Cholestanex FAHEE g4 F7HAIZIE
g, #A oehE2 FAA]Z|IL cholesterol>
A Z7A711 Uk Fig. 88 HW A shat
A7t A= A7bEe] o8| ogA FF T=A]
Holga gt BExIEE 72 A &
cholestanol& =7} Z7184-2 oleic acid9]
S DILE AAAZIAL Sty B8t A8
oleic acid®] E7]4 Azo| Ha J3F2 w7
ot=rtyl B 4= QJtt. CholestaneXx <F7ho]x|qt

oS X

Flo

T 188 Ze= A7 EEE2 oleic acid®] &4
T e dAaAPle BEE = v, A,

oetE &2 EFE2 M4 DE TV
Qltt.  Fig. 9= oleic acid®] COOHZ|o| gt
o] ZA7MEE9 'H NMR chemical shift ©]%
e Hoxy itk OHZIE zty A oke
A, cholestane, cholesteryl oleatex=chemical
shifte] B2 JFE v|AA] ¢+ ¥HA, OH7|E
zk11 9l cholestanol, &2 F=7t 7ot
HA et 59 upfield shiftg HolF 9)
t}. Cholesterolo|t} ofgh-2-2] OHZ|+= oleic acid
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Fig. 7. Influence of various additives on the
viscosity of oleic acid cholestane(@),
ethanol(@), Benzene((]), cholesterol
.

D0 ms!

0 0.02 0.04 0.06 .08 0.1 0.12 0.14
Mole Fraction of A.dditives
Fig. 8. Influence of various additives on the
self=diffusion coefficient of oleic acid
cholestane(@),  ethanol(®),
(), cholesterol(Q).
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Chemical Shift / ppm
-

=

108

104 . . L
(] 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
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Fig. 9. Influence of various additives on the
chemical shift of the '"H NMR of the
caboxyl  group of oleic  acid
cholesterol(O), cholestane(@), ethanol
(#), Benzene(().
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o &= COOH Atele] 4477
28497 C=0 7|¢} M2 Feo] 28-S
WA 4t H7ME Atolo] HES ARt o]
oleic acid/cholesterol 2L Bay £55 9
Astck= oJujof A cholesterol oleate 7+%2} H]
Z&3ltk o AR Oleic acide} oghe: &
= B/5k=d &9 cholesterol 2=}t FAFSHTH
= AL ¢ 5 Uk

offgk27} cholesterol 5 ZH=2] 3000 - 3800
cm '3 1500 - 1800cm™ g oA IR H| 5|
B e HgE & & Sl (Fig. 4). Oleic
acid/cholesterol ZH&< oleic acid®] EA+ E4-&
5= HAAZlE B, Hg 125 ZHe oleic
acid/&E ZE2 BEXEE S/t dht
Ao oleic acid 2 A4S &4 AA| AFef
oA AT AA(liquid crysta)Ze FZS ZH=
HAEAE FAstt. +2H S =2 cholesteryl oleate
2} H]5=%t cholesterol/oleic acid  ZHEL oleic
acid o|ZAZ o|FojH HYA &Koo= HA A
B3 o7t ol A5 EAEZE AT ¥
Zrgo] ooty A W olFAE 79 BA
S AL, ATE O 2 oleic acide] HAEE
Z7Fskal  cholesterol 5X7} Z7}eFHA  oleic
acid ZHA| iAot B 52 A
Oleic acid A= @E9oA] cholesterol® 2
Aolz|gt Hlo|Add 23 EE WETh=E AR
oleic acid®} cholesterol 217 735t A52H8-&
StAA ZE HERE F 4RIt AL ou|Rith
o]7ZAL TSt oleic acid?] ESlEA ARET =
cholesterol B2} Atolo] E&0] Y Fe{<] uj
do] tt=E AL gAlgT

Oleic acid/cholesterol A ZgHEofA
T B2 FEYAL oleic acid EAH] &
2 Ak aTE 7HAZeH, Hidl oleic
acidd} oekE&=2 o]FolXl HEL 4t o|FAER
ojFolxl & YA HFo&2 A HEFES] oIt
ot I8y o]AL ofetEe] mje 2 ALA
BEOZ g 4F o]&dA wiEE SEHA|A Tt
£, oleic acid®] B2 B4 253 HI7HAF|A
Sttt ESF Oleic acid Al=o] WAS 7S 7
9, HlIA ExLE0] oleic acid O|FAER o]Fo]
A HAA Ho=7 HEFESto] oleic acid oA
HY

I

w o,
Mo

—

S SEHA A BAE9 22 BE 5
22314 =Hr};. Cholesterol Z715H  oleic

acid BAFEO] Bapy, BAzE £%o0] 2R o

Zl=d] oleic acid ol@A Q] SAaAT o
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cholesteroloA1e] ZAotEtt A A7l wjFol=t
I &2 4 9ot Oleic acid EAEL diRE 29
o] olFAE PFAote] wiE HFH  wHiH
cholesterol EA=-2 o|@A] o2 FPAE &
Asitth J2]2 2 cholesterol& oleic acidel] 715}
A HH HAZ=7F FUketa, AA| S 7
4354 "=k, COOH, OH 7]¢ 'H NMR
chemical shifts 243 EH Z3E(cholesterol/
oleic acid, ethanol/oleic acid)oA cholesterol®]
U oEE BEAE2 A9 oleic acidollAl Hd
A Ee GFAR A FEITE AHLE E
Aot gFolyd FAY HleA fuiES HSA
SujEct 42 ©@seAE Zhe At i)

ol & gl=s HEhdTh

4. 2 B

A AeelA oleic acide] o E3}EHA
A-o] u|xE= cholesterol®] AFS ZAFSIAT
9% o, AALE 5, IR spectra, 'H NMR
chemical shift, ZH4] E4tA4 D52 SAHE &
slo  cholesterol,
cholesteryl oleate, benzene, ethanol 52 H7}&
o] Z3tE oleic acid Al&of tigt EIp7t o2
e =] gdolR it OHZE 2 A &2
A, cholestane, cholesteryl oleatet= chemical
shifte] &2 g3 m2|x] ¢= ¥HdH, OHY|E
Z¥11 9l cholestanol, ogF2S HL7t Z715}
WA AFet 59| upfield shifts HoJFUot.
Oleic acid/cholesterol Z3HEA ol F
o] HEYHL oleic acid B9 #HEES 9

cholestanol,  cholestane,

et R o]Rolx ZHEL AF o|FAER o] Fo]
A2 APA o2 HA AR Eol7ta of
AL oetEo] A2 AgA] HEo= QI 4 o]
A WiE-E& SEHAA sk, oleic acide] &2t
24 255 "7 FH T Oleic acide oghe M
oflz} cholesterol?te =S PAdsk=t] °ls
28 P4} oleic acid O|FAR o] Fo|Z A
of thet BAE HIFCORE oleic acide] A4
=5l tgt cholesterol®] FF & 4 ASTh

Oleic acid®] of2] &2j2tets] dde] WA= CholesterolAl =49 gk 7

HAY =
E =52 201983 : sty Sk
2] Yof oJgt A<,
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