BFY T A 109 2%
Korean J. Biotechnol. Bioeng.
Vol. 10. No. 2. 149-158(1995)

Cyclodextrin®] Inclusion Complex &4} %53} Fatty Acids}e)
Complex ¥4 x73 E4

Comparison of Inclusion Complex Formation Capacity of
Cyclodextrins with Various Molecules and Characterization of
Cyclodextrin-fatty Acid Complex

Yong-Hyun Lee', Seung-Hwan Jeong and Dong-Chan Park

Department of Genetic Engineering, College of Natural Sciences
Kyungpook National University, Taegu 702-701, Korea

ABSTRACT

The capacity of inclusion complex formation between -, §, y- cyclodextrins(CDs) and various com-
pounds, such as pH indicators, biostains, glycoside, amino acid, and fatty acids, was compared. Fatty
acid was identified as the most suitable ligand for fractionation of CDs in terms of capacity and selec-
tivity. The effects of complex formation conditions, such as, mixing ratio of CD and fatly acid, pH,
lonic strength, and temperature, on the capacity of fatty acid-CD complex was also investigated. The
carbon number of fatty acids was identified as the most significant factor determining the capacity and
selectivity of inclusion complex formation of CDs. Capric acid(Cy) and palmitic acid(C,;) showed high
specificity for @ and 8-CDs, respectively. Under the optimal conditions, the molar ratio of complex
formed was found to be 1.0:2.6 for ¢~CD/capric acid and 1.0:1.9 for 8-CD/palmitic acid. X-ray dif-
fraction and infrared spectrum of the formed inclusion complex were analyzed. The changes of enthal-
py(ZH) of the inclusion complex formation reaction was evaluated by differential scanning calorime-

try, showed that the reaction was endothermic.
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Cyclodextrin
2AHAE 12z o, f, 28 y-Cyclo-
dextrin(Cyclolab)< host moleculeZ A}&-3}gich.

Guest Malecules

Guest molecule(ligand) 2+ pH indicator,
biostain, o}e|xAbR, HdwiFAlR, 2|z Auh4t
25 2}&3t9ct. pH indicator2% crystal violet
(Junsei Chemical Co.), fuchsin basic(Samchun
Pure Chemical.), neutral red(Janssen Chimica.),
28]3 orange [V(Sigma Co.)E AR&-3tgch.
Biostain® 2% coomasie brilliant blue R250,
crocetin, 22]1 resazurin(Sigma Co.)E, o}7|x
AbF 2+ histidine, methionine, phenylalanine,
tryptophan, tyrosine(Sigma Co.) &, 22|22 Hduj
23 5 2= glycyrrihizin acid®} stevioside,(Sigma
Co)s AHEsboich. AH8d AR+ caproic
acid, caprylic acid, lauric acid, myristic acid, pal-
mitic acid(Junsel Chemical Co.), capric acid, ste-
aric acid(Yakuri Pure Chemical Co.), oleic acid
(Shinyo Pure Chemical Co.), 22]1 linoleic acid
(Sigma Co.) 9it}.

Inclusion Complex &AZ=717} Complex2| £2|
Cyclodextrin inclusion complex+= 50mM CDg}
50mM2] 7+ FEE SAS Tst A4
1027F wubatey HA3A|Zch Ao whe} CDe}
g FEE WA oA, =g &
60CE WstAA 6027hA wHEAZTY 84"
inclusion complex= 3 Al HFSZ 47C o
gk 3 10,000rpmell 4 20%7F 44
adojxl 3

Cyclodexring| &4

Cyclodextrin& HPLC(Model-305, Gilson Co.)
¢} spectrophotometric¥]& o]4-3}o] B-Aat o}
HPLC ##1Z732 Cosmosil 5NH, column(Nacalai
Co.), acetonitrile/water(65:35), 1ml/min, 282
RI detector@ FA4&t¢iom, @CDx methyl or-
ange®] (17), A-CD+ phenolphthalein #4%(18)
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<, 233 y-CD: bromocresol green »®]4Y

(17)% o]843ksirt.

pH Indicators, Biostains, Ofo|:-At, HGIHNCHA,
12|12 Fatty Acidel 24

pH indicator % biostainf+ UV/Vis spectro-
photometer (Beckman DU 60, Beckman)& o]&-
8lod 200nmo| 4 700nm7}A| scanningdt & #Htf
T3z HE SAs Agsisc. ofvxat
Fv 200nmel| 4} 300nme] FFT w3}, A A4n
319, z2x AAYAYo= At
HadwjdAl= HPLCE o]&3td &4z
Fatty acid¥ alcoholic alkali®f (20, 21)c. & =
gt} & Z+E fatty acid £ Imle 50%
ethanol 9mlE #7}5t 1 phenolphtalein £ 0.
4mlE 7hete] Aod 7 WA F
10mM¢} NaOHZ AHAstod 5 FTA3} wjws}
oF & AAs A

X-ray Diffractiong O|&8} Inclusion Complex
NPT 24

X-ray diffraction(XRD)2 X-ray diffrac-
tometer(Philips X'Pert, Philips) & A}-83}e] =4
slgiom, BAMz7e target; Cue scanning
speed; 0.01°/min, filter; Cu/Ni, voltage; 30Kv,
current; 20mA, 2|3 time constant; 1sec, 24,

4~34° <t}

Infrared Spectrum& 0|25t Inclusion Complex
of aAxjct 24

Infrared(IR) spectrum< KBr pellet& ®t531
IR spectrophotometer(Mattson Galaxy Series
FTIR 7000, Galaxy)Z& o]&3}o 4,000~400cm™
of 4] ekt

Differential Scanning Calorimeter& 0|23 ¥
stxf a4 2|

A8 5~10mg< hermetic aluminum pano] %
#|A)7]3 differential scanning calorimeter(DSC)
(Seiko 220C, Seiko)9] A442EE 10T/ mn{.
2 Ao A EE 230°C7HA] scanningdle] <loixl
DSC curve®] endothermic peak®] WA o ZHE
enthalpy & Al4ksloict.
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429 ST 248 2% CDol e L4
v 2 Azt= Table 13 72},

BLoofN Kl
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2| X ek 2 Biostains

2 A12k72} biostains®] 7 @CDell disjr=
orange IV7}, B-CDoll= coomasie brilliant blue
R250¢} neutral red7}, 22|31 y-CDejl& crystal
violet, fuchsin basic, Z2]2 resazurine] =< in-
clusion complex A%< ¥y}

dutd o7 -CDE alkyl?], #-CDE phenyl7],
22]3 y-CD& naphthyl”] 2 anthracene”]9} &
o]8}A inclusion complex& Aty ol 9}
th(2, 10). Table 19 A= Z Bo} ¢-CDE or-

Table 1. Comparision of inclusion complex forma-
tion of cyclodextrins with pH indicators,
biostains, amino acids, and glycosides.

) Conc. of Capacity*(%)

Ligands . T ———
ligand(mM) @¢CD SCD yCD

Coomasie brilliant blue R250 0.05 626 1116 044
Crocetin 0.10 238 246 246
Crystal violet 0.10 1472 1468 7046
Fuchsin basic 0.10 424 328 1234
Neutral red 0.10 412 3480 27.72
Orange IV 0.10 1500 272 410
Resazurin 0.20 250 2508 3490
Histidine 10.00 000 000 000
Methionine 10.00 000 000 000
Phenylalanine 1000 1212 909 909
Tryptophan 10.00 000 000 000
Tyrosine 250 490 490 490
Stevioside 10.00 4540 4490 49.20
Glycyrehizic acid 2.50 2160 2160 1440

* Capacity : Mole percent of ligands that form inclusion com-
plex equal mole concentration of ligand and CDs, at 25°C and

10min.
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a-CD&} Capric AcidZ}t2| Inclusion Complex
H4x=H H4E

@ CD% capric acid®] A& &3en: A &
F5Eg 245 Sk DS SEF 10, 20,
50, 28] 100mMZ 7tz 1 A3}3 capric acid %
10mMoA  200mM7}=A] ®iEA]7]m A inclusion
complex HASHE ¢-CD| ¥ % UEE 3
A3 A= Fig. 13} 73},

e CD] $Est Ate) 27} 27184% 34

o] Z718tg ot o CDY &7} 5()mM a3
capric acid®] %%7} 50mM o]t el T o
i 3heA 9 $AE $28 S o

Table 2. Comparision of inclusion complex for-
mation of cyclodextrins with fatty acids.

Ligands Capacity*(%)
aCD ACD yCD
Caproic acid 5000 48.34 46.66
Caprylic acid 53.34 50.84 50.00
Capric acid 8660 67.50 66.06
Lauric acid 59.16 56.66 53.34
Myristic acid 66.50 7000 67.50
Palmitic acid 67.50 8584 69.16
Stearic acid 72.50 81.66 75.84
Oleic acid 7584 80.00 74.16
Linoleic acid 7500 78.34 71.66

* Capacity : Mole percent of ligands that form inclusion com-
plex 50mM fatty acid, S0mM @, #, 7-CDs, at pH 60, 25C
and 10min.
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. 1. Effect of molar mixing ratio of ¢-CD and
capric acid on the capacity of the inclu-
sion complex formation. Mixed @-CD and
capric acid was incubated at 25C and pH
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Fig. 2. Correlationship between the molar ratios
of @CD and capric acid before complex
formation and those of «CD and capric
acid complex formed.

capric acildd I¥EZ H7lelodr § Bxl9 o
CD7} £4% 4 9+ capric acid9] oFo] A 5|7
-Fo|c}. @-CD#®} capric acid7}] inclusion com-
plex Ao Hgg £PE=E CD 50mM 213
I capric acid 50mME k= i},

=3 AR inclusion complex?] & ZAw|E F
A5 12 -CDE 50mMEZE 2A3k3 capric acid
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9 ¥E& 10~200mME ®3}2)7|H4 complex
HAdo 4288 oCD % capric acid ¥ =& 213}
of T ZAN|E A7 At Fig. 29 2 o
CD 9}

capric acid7te] & ZAM|(eCD : capric acid, M/M)
£ 1.00:0.28¢14 1.00:2.607}x] #sl=gdch. o
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Badel A Ao Y.
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complex®] Aol "X JFL wo] 75| ¢
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& 50mME 3Ast wle=AE, pH, &%, 28
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o Ae d%E HESY 1 Z3E Fig. 3o veby
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pHE Awtxog 2 o482 u]x]x| gsgltoy} 3
Vg A7 Flske A%E B4k o] pHrL
Fo}alell upgl capric acid®] ionic charge #H3} o
To8 23, ¢-CD% p-(3-methylsalicylazo)
benzenesulfonate7t2] complex 3FAub-&o) n]x=
pH d%¢& 7EF Sasaki 5(22)% #A1 B2
£ 3 v} sidh

2T YR ¢ 5% AAE Zgdigle
], 4CAA 44.80%, 25Co|A 55.00% 8 x5}
74l met Fobekdch. 2Eu 30°C o)Al A=
2318 Zrasle] 53.34%, 40°CoNA 40.54% 93,
2 o4 60C7HAE & W3t fisich. 25C7kAl
YA Eo] Frlslke e FEAY #Er) Fvts}
7] ggeln, 30T oldeld irste AL TEE
7} EotH o 24 complex ¥4 F2 AF 249ldl
hydrophobic interactiono] #|#jjut7] WjFo 2 &3
e}

=3} jonic strength(I/2)E 0.08E 5.07}# 9
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Fig. 3. Effect of pH, temperature, ionic strength on the capacity of a-CD/capric acid complex formation.

50mM aCD, 50mM capric acid.

Degree of complex formation(%)
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Conc. of palmitic acid(mM)

Fig. 4. Effect of molar mixing ratio of ACD and
palmitic acid on the capacity of inclusion
complex formation. Mixed #-CD and palmit-
ic acid was incubated at 25°C and pH 6.0.

7F k2] COO™ ol 33g wjx]o] complex ¥4
& A AY e o|o] fuiAte 84E F
7} A]A hydrophobic interactiong *#5}7] wj&F
o= Azhen

B-CD2} Palmitic AcidZte] Inclusion Complex
HMTH HE

B-CDg} palmitic acid®) 23 &3s=

ACD9 % & 10, 20 282 50mM=E A8}
i palmitic acidd Z7Z} 10mMejA 200mME &
o Y& W3l S48 A= Fig. 49 2t
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Fig. 5. Correlationship between the molar ratios
of A-CD and palmitic acid before complex
formation and those of 3-CD and palmitic
acid complex formed.
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33 Fig. 5& #CD% palmitic acidzte] &
8] (8-CD : palmitic acid, M/M)E& Jeld 7o
2 1.00:0.2000 4 1.00:1.907}2 W3}sgich. & £
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Fig. 6. Effect of pH, temperature, and ionic strength on the capacity of #-CD/ palmitic acid complex for-

mation. 50mM 5CD, S0mM palmitic acid.

Absorbance

E a

e

T T I T

4000 3000 2000 1000 4000 3000

Wavenumbers(cm™")

Wavenumbers(cm™")

I I I T !
2000 1000 4000 3000 2000 1000

Wavenumbers(cm™")

Fig. 7. Infrared spectrums of ¢-CD, @-CD/capric acid, f-CD, #-CD/palmitic acid complex, and mixture of
BACD and palmitic acid. A: &CD, B: -CD/capric acid complex, C: -CD, D: 5-CD/palmitic acid

complex, E: mixture of #CD and palmitic acid.

ko] B-CDell Hoi 190829 231 A 0.20%
Zke] palmitic acid7} 2=l

w279 JF

Fig. 6= zZ+& 822 Ao} inclusion complex
YAE vlXe 9% HET Aol 9o A
$9 Al pHE 2 J%e olAA 2w
LEE Fo3 AAE 4 o PYHELS 4TCelA
60.80%, 25°CoN4 64.96% 24 FHHAE R,
30Cel s 62.34%, 40°Coll = 58.26%, 2|1

50°C olAolAx 46.86%E 238 FAasigc).
lonic strengthe] 2 o8& n|XA& ggto} 2

NETE Y& st A Jehidl

Cyclodextrin Inclusion Complex2} IR Spectrum

CD9 IR spectrum capric acid®} palmitic
acidE £A% CD complex?) IR spectrumg& 3t
4,000~400cm™" H$jollH &3 w|wsle] Fig. 7ol
vebigick. Akate] £4% CD complex] IR
pattern ZAA 9| CD¢} HubH o 2 {ARE o4



156

T T T T T T
5 10 15 20 25 30 35

29

Fig. 8. X-ray diffraction patterns of o-CD, -CD/
capric acid, ACD, and B -CD/palmitic
acid complex. A: @CD, B: ¢-CD/capric
acid complex, C: 8CD, D: 5-CD/palmitic
acid complex.

& R9lov} methyl”] 2] &4344] 1,450, 2,900
cm™'9} carboxylic acid?] 422l 1,700, 1,250
em™' ZANAM J2E F5 bandr} epytct. w3
CD2} zutAHS- complexE X714 ko 233
7%(Fig. 7(E))9] spectrum® methyl7])¢} car-
boxylic acid”?]2] &< bande] W37} FF=gle
01 et E7kshe EAS Bglew, o9 e

5l= Aubalo] 4% CD complex ] 739 A9h4k
o) wrads) 9¥sk CD 35 UE EWPE eiF
2 9lth

Cyclodextrin®| Inclusion Complex # Ao o2
X-ray 3|8 atel Big}

CD¢} CD inclusion complex?] ZAAF+ZE 34}
7He- 4~34° 2 scanningdt XA HAEE vt
Fig. 8¢ Jehlisict. Fig. 8(A, B)el|A9} 7ol o
CDe= 27 11.82°, 13.17°, 13.38°, 20.43° 13]x
21.67° oA 7}8t peakE Hglo™, capric acid’}
ZA% o CDE & YA|lA peakr} FE =G
v o7} Yol A= A o Ao AX:
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Endothermic heat flow
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Fig. 9. DSC thermograms of ¢-CD, &-CD/capric
acid, CD, and & CD/palmitic acid com-
plex. A: CD, B: ¢CD/capric acid com-
plex, C: ACD, D: BCD/ palmitic acid
complex

7} Zastech wbd 19.84° o e AE$ 7
peak7} A H= EA4AE 24edl, ol «CDY @
AF-Z7} capric acidg T& Wl 3T 43¢ o
}EE o 5 9led, o9 e AL CDo 4%
ligand7} é"{}% 7% X-ray 3|4 ofiro] wg=
+ Hidefumi §(23) 9] #33} dA3c}.

Fig. 8(C, D)ol49} zbo] A-CDe= 7tz 5.99°,
7.30°, 12.02°, 15.55°, 2]z 18.79°oljx| 7}t
peakE ®.glew, palmitic acid7} 4% FCDY
peak ¥o|T #ollMe} o] HAHE YolAT a
-CDoll4 &3 19.84° 9 748 peak: A=A
Witth =T oCDe #2T o HAH peak
patterno| th=, complexE #A3 ¥ pattern
3} FAE oh2A vehdes A€ o F dsich

Differential Scanning Calorimeter& 0|28} In-
clusion Complex 3AHIM22| HYsIE EM HA

CD2} AupAlzle] inclusion complex #A3uke-2)
25t E4 F957] N9 @-CD2 o-CD-cap
ric acid inclusion complex, 28]z g-CDe} g-CD-
palmitic acid complex& Ah-o| 458 230°C7}A|
H3lA)7)H 4] & DSC thermogramg Fig. 9%
Zown, o|=8E A4 enthalpyel WH3gH(H)
% Table 3ol vebfodct.

@-CD¢ DSC thermogram 2 Xo} Peak I o
A12] enthalpy #WH3ZH(AMH)-& 5.33cal/g, PeakO
o] 1.70cal/g, 28] Peakll o= 11.07cal/g
o|t}. @-CD¢} capric acid7te) complex ] Peak I
ol 42| enthalpy Ws}zt(MH)& 7.05cal/g, Peak
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Table 3. Enthalpy changes of &, 5-CD, oCD/
capric acid, and S-CD/palmitic acid in-
clusion complexes measured by DSC.

aCD/ écD/
. capric acid Imitic acid
Cyclodextrin aCD P . pa .
inclusion inclusion
complex complex

Temp(T) 8330 8460 15090 14790
MHlcallg) 533 750  85.18 4434
Temp(T) 12400 - - -

Peak |

k
Peakc II Hcal/g) - - -
Temp('C) 16850 17230 - -
kI
Pak il ) 1107 45 - -

ZH calculated by endothermic area of DSC curve.

O 3FHA @33, Peaklle 4.59cal/gZ,
Peak T gto] tha Z7}=|gied] o)+ ¢loixl Peak
Ozl 71elske Ae2 35, oCD} «CD/
capric acid complex7te]l M9 ZFe §Aksle] u)
2 Az MHzte] Aol= 6.46cal/go 2 complex
3Nk hadnkgole o & 9ok

BCDx 3hte] peakE ehiglen, enthalpy
w3} zke 85.18cal/g4l 1, palmitic acid2}¢] com-
plex 9] ZH& 44.34cal/gB A, Mo 2ol 40.84
cal/g24 o-CDg} o] wtadulgolgly b E&
g Byr)

Aol Aot o] 23 x3 9 BE3} AuplFe
ghase] Zolo] we} o-, § CDol} Hgt A5
Aol AEAE BT, 7140 PG LolstA)
AE 5 dve AMBold, =F F4o| gk Ao
sle}l CDE-34 ligand24 CD adsorbent #|Z o
282 F e 54& 23 gtk %oz fatty
acidg ligand® 3 CD adsorbent?] #|Zs} o|&
o] &% @, f, y-cyclodextrin®] BEoj B3 A7
7F 97 €o}.

8 o

4% CD9} 48 £F9 3¢5, pH indicator,
biostain, o}u|iAt, Helwj}H|, za)z fatty acid
7¥e] inclusion complex ¥ASE wlmatedc).
Fatty acid7} 2§ CDol| didt 43453 A=A
°| ¥o} CD ¥4 ligand2 AFES Lo
Fatty acid®] £H53 AdAe sbase Aols}
AHE AABAE Jeldlo] capric acide ¢CD

¢} palmitic acide= F-CD$} E& A=lAe Bt
Complex¥Aell n|Xe bz &3 T,
pH, ionic strength, 227 &5 9] g3kg 7 Es e
. H4 &Y sxulE CD7F 50mM 23z lig
andql fatty acid7} 50mMY ggony, &57} &
8% YM2ZPe2 Agsignt. TAHEA e CD
9} fatty acid7} 4% CD9 2x+Z2E X-ray
diffraction®} IR spectrum$& A}4-8te] B|lx 7)E 8}
e, DSCE inclusion complex A9 en-
thalpy 9] ®W3izh(H)E SAste] Lodutgole 8
gt

Z A

2 A7E 19U4E FeAEAdY gedTz
A8l F AFFERA AFHZ FYEon, A7
H] Aol ZAFE e
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