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SEPARATION OF CORTICOSTEROIDS 
AND AROMATIC HYDROCARBONS BY 

ELECTROKINETIC CHROMATOGRAPHY 
CYCLODEXTRIN-MODIFIED MICELLAR 

H I R O Y U K I  NISHI* A N D  MASAAKI M A T S U O  
Analytical Chemistry Research Laboratory 

Tanabe Seiyaku Co., Ltd .  
16-89, Kashima 3-chome, Yodogawa-ku 

Osaka 532,  Japan 

ARS’IKACT 

Mice 1 l iir e 1 cc t roki 11.c t i c ch romz tug rap1 iy (FEKC) pe tmj t s t lie sepn r a t i  on of 
rincharged o r  e l e c t r i c a l l y  neut ra l  compounds by  the  e lec t rophore t ic  
techiiiqiie, h u t  h i  h l y  I ipoptiil ic cornprmitids, P . E . ,  cor t i cos t e ro ids  and 
aromaLic hvdrocar%ons could i i o L  iw r e s o l v c d  by MEKC w i  l h  sodiiim dodecyl 
s u l f a t e  (SbS) so lu t ions  bwnrise such so lu t e s  migrated with almost t he  same 
ve loc i ty  as thaL of Llie SDS micelle, owirig to t l x i r  large inicel!ar 
soluhj l i za t ion .  The addl t ion  of cyclodextrins ( C D s )  t o  t l i e  SDS so lu t ion ,  
that is, cyclodextrin-modified micellar e l ec t rok ine t i c  chromatography 
( C D / ? E K C ) ,  remarkably improved L l i i .  resol tit i w n  of these l ipopl i i l i c  compounds. 
The e f f e r t s  O F  concentration and the t y p e  of C U s  on the  separa t ion  of 
co r t i cos t e ro ids  and arwmnt i c  hydroc,irlmns were i~nves t ign ted .  

Micellar e l ec t rok ine t i c  chromatography (MEKC) is a r e l a t ive ly  new type 

of ana ly t i ca l  separa t ion  method, which belongs t o  a cap i l l a ry  zone 

e lec l ropl iore t ic  (CXF.) tectiniqiie hii t  whose separa t ion  p-iriciple is based on 

tha t  o f  chrumatograpliy ( 1 , Z ) .  ‘Ihr. solute d i s t r i b u t e s  i t s e l f  between t h e  

ndce l l s r  pltase a n d  the  sourrounding aqiieous phase. The separation is 
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9 74 NISHI A N D  MATSUO 

; ic l i i cvc~ l  I.ry t h e  c l j  f f c r c n t i a l  solute d i s t r i b u t i o n  arid the d i f f e r e n t i a l  

i i i i g r i i L i o r i  I )€ tlie iiticc'l lc. 

MEKC f i r s t  perriij.tted t h e  s e p a r a t i o n  of uncliarged OK e l e c t r i c a l  Ly r i r i i t ra l  

:;uluLc:; by tlie e l e c t r o p h o r e t i c  technique (14) w i t h  h igh  r e s o l u t i o n  and a 

sliorLcr ;irinlyticnl t inic than convent ional  high-performince l i q u i d  

cliroiiietogr;ipliy (Fll'IK). In a d d i t i o n  t o  neut-ral solutes. MEKC has brought 

about iiviiiy advaritiiges for  t h e  s e p a r a t i o n  of  i o n i c  compounds (5-7). 

Selec t . iv j  t y  in  MKKC can be mntifpiilated by changing the type of 

:iiii f ; i i : t ; i i i t  (7,7), i i i  atldi.t.ioii 10 viiririg b u f f c r  corist l.turrits, joii ic 

st.rerigtli, p11 arid tcniperature as well as i i i  CZE. Changes i n  m i c c l l a r  

c u n p o s i  t i.on can protliicr mice1 les of d i f f e r e n t  s i z e s ,  aggrega t ion  numbers and 

j:roiiirtr i cs, I C a d i  rrg to t.he tlif ferer i t  i n t e r a c t i o n  or s o l u b i l i z a t i o r i .  

ScIrcti.vi t y  can nl.so be improved through t h e  modi f ica t ion  of t h e  b u f f e r  

: ;ol i i t . i . (m,  usjiig titea (5 )  or tctraalkylatiunoriium ('Mtl) s a l t s  (9).  The 

:iddi t i o n  or iircvi t n  the sodium dodecyl sulfate (SDS) solut ion caused a 

tlr.cr-r;isr or tlie c a p x i  t y  [actor of 1i.poph.i.lic coispuunds by iricrensiiig t h e i r  

soliibi 1 i ty  i r i  t h e  aqiieous phase. ?'he add.it.ion of 'I'M sa l ts  t o  tlie SDS 

sol tit ion caused a dccrcase  of tlie iiLigration times of c a t i o n i c  s o l u t e s ,  on 

tlie c o n t r a r y ,  ari i n c r e a s e  of Lhose of a n i o n i c  s o l u t e s  j u s t  l i k e  t h e  ion-pa i r  

clit-oiiiatographic ne  tliod i n  HPLC. 

Cyclodext r ins  (Clls) are widely used i n  a n a l y t i c a l  a p p l i c a t i o n s ,  

e s p e c i a l l y  as  a mobile phase a d d i t i v e  or a c h i r a l  moiety of t h e  s t a t i o n a r y  

plinse iri H P K  (10). 1 t h a s  bcen a l r e a d y  repor ted  t h a t  the use of CUs j n  

MIIKC. i t  is c a l l e d  cycInrlexLriri--rnodi.fiF?d MEKC (CI)/MF.KC) ( l l . ) ,  is e f f e c t i v e  

f o r  tlic s e p n r a t i n n  of I ipopt i i l  ic and c l o s e l y  r e l a t e d  a r o m i t i c  cwiipvuncls (12) .  

Emiiit ioiiiers of some d r u g s  arid compounds were also s u c c e s s f u l  l y  s e p a r a t e d  by 

CI)/MI;KC (13). 

'I'1ii.s paper d c s c r i b e s  tlie a p p l i c a b j  l i t y  of CD/MEKC t n  t h e  s e p a r a t i o n  01 

IiipJily l ipopl i i l  i v  c o r t i c o s t c r o . i d s  arid soine aronmtic  compounds. l'hese 

sol.~itc~s could r io t .  1 . r ~  successflrll y s c p n m t c d  by MKKC us ing  an  SDS s o l u t i o n  

Iwcaiisc or t t i & i r  l a r g e  micel . lar  solubi . I izat ior i .  l'he e f f e c t s  of c o n c e n t r a t i o n  

arid spwi.es of CDs on the  migration tiiilcs of t h e  s o l u t e s  and t h e  

select ivi.Ly are p r e s c i ~ t e d .  ?'lie a d d i t i o n  of CDs provided l i p o p h i l i c  s o l u t e s  
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CORTICOSTEROIDS AND AROMATIC HYDROCARBONS 975 

w i  tli s i i ~ a l l e r  migra t ion  t imes than  those  without  CDs,  hence improving t h e  

s e p a r a t i o n  of t h e  coinpounds. 

Apparatus of FEKC 

M E K C  was performed i r i  a f u s e d - s i l i c a  c a p i l l a r y  t h a t  was 65 crn long 

( e f f e c t i v e  length  500 m) and had a 0.05 r im i.d. ( S c i e n t i f i c  Glass  

Engineer ing Inc . ,  Ririgwood, V i c t o r i a ,  A u s t r a l i a ) .  A high-vol tagc dc power 

supply Model IlJLL-25PO (Matsusada P r e c i s i o n  Devices, Kusatsu, Shiga,  Japan)  

d e l i v e r i n g  from 0 to  + 25 kV was used t o  d r i v e  MEKC separa t ion .  Detec t ion  

was c a r r i e d  o u t  by [fie on-colunin measurement of W adsorp t ion  at 220 nm wi th  

a SPD-6A spectrophotometer  (Shimadzu, Kyoto, Japan) a t  a time cons tan t  0.05 

s with a laboratory-made c e l l  holder  and a s l i t .  A Chromatopac C-RSA 

(Shimdzri, Kyoto. .Japan) was used f o r  d a t a  processing.  Other appara tus  and 

experiinerital procedures  were the  same as those  descre ibed  previous ly  (5) .  

Reagents 

Sodium dodccyl s u l f a t e  (SDS), urea,  P -cyc lodext r in  ( P  -CD) and 7 - 

cyclodext r i i i  ( 7  -CD) were obta ined  front Nacalai Tesque (Kyoto, Japan) .  

Watcr was p u r i f i c d  by M i l l i - R O  60 water  system ( M i l l i p o r e  Japan, Tokyo, 

Japan). Sudan 11 f ruin Nacalai  Tesque or  1,5-benzothiazepin d e r i v a t i v e s  

(13) were used a s  a t r a c e r  of the n d c e l l c  ( 2 ) .  The rn ice l la r  s o l u t i o n  was 

prepared hy d i s s o l v i n g  SDS i r i  a 0.02 M phosphate-borate buf fer  s o l u t i o n  and 

these  s o l u t i o n s  were passed through a membrane f i l t e r  of 0.45 U m  pore 

s i z e  (Gelman Science Japan,  Tokyo) and degassed by sonica t ior i  with an 

u l t r a s o u i c  c l e a n e r  p r i o r  to USC. 

Eight  c o r t i c o s t e r o i d s  from Sigma. Chemical Company (S t .  Louis ,  U.S.A.), 

and n ine  arornatic compounds from Tokyo Kasei Kogyo (Tokyo, Japan)  were used 

a s  tlie t c s t  sample. ' lhese a r e  siimiarized i n  Table  I wi th  the  i n d i c a t i o n  

symbols. A l l  Aolutes  were used as  they were received and d isso lved  j n  

niethauol a t  the  c o n c e n t r a t i o n  of 0.2 - 1 mg/mL t o  g ive  adequate  peak 

Iieights. ALI otl ier  r e a g e n t s  and s o l v e n t s  used were of ana ly t ica l - reagent  

grade f ram Katayaiiia Kagaku Kogyo. 
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976 NlSHI A N D  MATSUO 

~ - ~~ ~~ ~ 

Aroiiiatic hydrocarboils Synihol 1 Cort icos te ro ids  Sylllbo I 

to1 cicrie 1 
rinpli tlialene 2 
9-f I uorenone 3 
f I iiorerie 4 
xnnthcric 3 
<llberlzyl 6 
plienan t l i l e r i~  7 
trans-stilbenc 8 
f I ~ i o i  aiitiierie 9 

~-~ ~ ~~~ 

hydrocortisone 1 

betame tliasone c 
cor t j sonp  ace ta t e  t i  
triamsi riolone acetoriide e 
f luosinolone aretonide f 
dexmetiicisone acc t a t e  i: 
f luosinonide I1 

tiydrocortisorie ace t a t e  b 

KESUL'I'S AND I)lSCUSSlON 

FfTect O E  CDs addi t ion  t o  tlie SDS su lu t ion  on  the  migration of e ight  

cur I i cos t e ro ids  aiid tliat of nine arouialic cornpounds was investigated 

ernployirip t w o  t y p e s  of C D s ,  The r e s u l t  of 0.03 M P - C D  addi t ion  to tlie 0.05 

M SI)S solut ion 0 L  1A1 9.0 containing 4 M urea is shown i n  Figi i rc  1 .  A 

t y l j i c a l  cliroiivitograru of nine a r o m i t i c  cornpourids using a buffer solut.iori of 

pll 9.0 corilnirig 0.05 M S I X ,  0.03 M b'-CD and 11 M urea is shown i n  Figi i le  2 .  

Urea was used Lo increase  the  s o l u b i l i t y  o f  the CDs i r i  tlie aqueous pliasc 

(]/I). Migration l iriies or capac i ty  f ac to r s  of a l l  t h e  solutes  became shor t c r  

t l iav  those i n  the 0.05 M S I X  so lu t ion  of pH 9.0 without CD. Migration order 

w a s  a l s o  a l t e r e d  by  thr= addi t ion  o f P - C D .  'These ind ica t e  t h a t  t h e  solule 

was included i n l o  Llie CD a id  the ir i lcractiou between the CD arid the soiiitc. 

was cliffel-ent among the so lu t e s  t e s t ed .  Trans-sti lhene, f luorene arid 

diber izyl  were e f f e c t  i v e l y  included I J Y  f l  -CD, t e su l t i ng  i n  Larger clicmge i r i  

tile rnj-gration tiriics. 

Ir i  :i huffcr soliitiori coritn-ing SDS and  CD, i i  so lu te  is d is t r ib i i tcd  :nnoiig 

Llirw ij l inses,  t h a t  is, tlie aqueous phase, the rnicel l c  phase arid the CI).  

Sirice CD lins the Iiydropliilic outside. siirface due t o  t h e  priniary aiid 

:;ecoridary liydroxy groups i n  the CD rnol ec-ule, j t wi 1 I not  be srrl r i h j  1 i zed hy 

tlic' iiiicc'l Ie and w i  11 be lransported with the  sarrie ve loc i ty  as  that U T  t h e  

elcctroosiiiut i c  flow. I'lierefore, the s t a b l e  iriclusiori-complex formition of 

l he  solute w i l l 1  (;I1 brings about f a s t e r  migraliori of the  s o l u t e  under  the 
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30 0 30 
[B-CDl/mM 

30 

20 

10 

I” lire 1. EIIect of R-CD addition on the migration times of ( A )  nine aronlatic 
l;;$rocarbons and ( H )  eigtil corlicosteroids. Conditions: capillary, 500 iiun 
erfrct ive length x 0.05 mm i . d . ;  applied voltage, 20 kV; buffer, a 0.02 M 
Ilhosl’tiale-horcite txlfrer of pH 9.0 containing 0.05 M SDS and 4 M urea with or 
witliout CU; temperalure, aliiblent ; detection, 2ZU rim. 

experjmentsl conditions (pli 9.0), where tlie electroosmotic flow is strong 

compared w i L I i  tlie rnicel l e  elecLrophoretic mobility. Stabi l i ty  of inclusion 

complex formatiori is different amorig lhe solules, hence rnigratioti order i:; 

al te ted.  Accordingly, CD a d t l i t i o r i  to the SDS solutinn i n  MEKC improves the 

select ivi ty  of the solutes, wliicli r a n  he inclrided by the CD. 

Tlie following equi l ibr ia  occur i n  MEKC with CD: 
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978 N I S H I  A N D  MATSUO 

!A )  1 3-9 

0 5 10 15 Ll) 
TI ME / m i  r 

25 

9 

w l ~ r r c  S is the solute  and  M is tile ni jcc l le .  ' I l i<,  forrnatjon coiistaiits of S-M 

ni id  iriclusion coniplrx S-CD nriz g i v e n  i n  eqris. ( 3 )  arid ( 4 ) .  r e s p e c t i v e l y .  
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CORTICOSTEROIDS AND AROMATIC HYDROCARBONS 979 

'Ihe R value. the fraction of the solute in the aqueous phase, can be related 

to tlie capacity factor as follows (15): 

1 I S 1  + I S - C D I  
---( 5) - -~ ~ ~~ ~ ~~~~~ ~ 

1 + k' I S 1  + I S - C D I  + ( S - M I  

From eqris. (3), ( 4 )  arid ( 5 ) .  capacity factor k '  is written a s  

1 
I/$' = ___-- 1 t K L u  I C D I 1 -----------( 6 )  

K u  [ M I  

?lie CdpaciLy l ac to r  of the solute i n  MEKC is calculated according to the 

cqti. as follows ( 1 , z ) :  

where t i t ,  to arid t m r  are  tlie migration times of the solute, an 

uni~icorporated solute (methanol or niesityl oxide) and a total ly  solubilized 

solute (Sudan or 1,5-henzottiiazepin derivative), respectively. The 

dependence of capacj t y  factors of the solutes on b -CD concentration was 

investigated over tile coricentration raiige of 0.03 M - 0.05 M. The resul ts  

are sliown i n  Figures 3 and /I. Migration times or capacity factors of the 

solute  were reduced through the addition of CD a s  observed i n  the retention 

behavi.or 01 aromatic compounds i r i  CU modified reversed-phase I1PI.C analysis 

(16,17) .  C m p h s  of l / k '  vs .  CU concentration gave fa i r ly  good linear 

relatiorisliips a s  expected i n  eqri. 6. Migration order was s l igh t ly  altered 

tlirorigh the CI) conrent ration. Aiiiorig aromatic cornpounds. the decrease i n  tlw 

niigraLiori times of fluoratitheiie and 9-fluorenone, which has a ketone 

strricutre o i i t s idc  t h e  aromatic ring of the compound, through the CD addition 

I 
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980 NISHI AND MATSUO 

30 40 50 

(6-CDI /niM - 
I:igrire 3 .  1’10~ o f  l / k ’  v s . 0  -CD concentration fo r  n i n e  aromatic t iytlrocarboris 
w i  tli a 0.05 M SDS solution of pll 9.0 containing /I M urea a n d  0 -CD. O t h e r  
c x J i i t l i  t i o n s  a r e  tlie same a s  gi-ven i i i  Figure 1. 

wn:: r r l a l i v e l y  sriinll. S t e r j c  liintlraiice o l  t l w  s o l u t e s  probably rcducctl 

l l iri  r~ incIusion-coiri~,lrx formation w i  tli (:I) compared w i t 1 1  other sotutes. 

1nsLead of R -(;I), 7 -CD was added to t h e  SDS s o l u t i o n .  ‘lhc resill ts o f  

7 -CD a d d i t i o n  on !lie migratiori o€ the solutes are  sliuwii in Figurcs  5 and 6. 

Migrat iu i i  I iiiies ur c a p a c i t y  f ac to r s  of t h e  solutes  were r e m r k a b l y  r educed  

by t l ie  7 -CI) a d d i t  ion. The addi t ion of 0.015 M 7 -CD caused tlie almost the 
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CORTICOSTEROIDS AND AROMATIC HYDROCARBONS 98 1 

2 

l-< 1 
-4 

0 
1 I 1 

30 40 50 

[ B - C D I  /mM 

m 

Fi wre 4 ,  Plot of I / k '  V S . ~  4) cor lcenlrat jon for e i  l i t  c o r t i c o s t c r o i d s  wi th  a 
0.85 M SDs s o l u t i o n  
are the same as given i n  Figure 1. 

pl( 9.0 c o n t a i n i n g  (1 M urea  an8 B -CD. Other c o n d i t i o n s  

same reduct ion  of the ndgrat ior i  t imes of t h e  s o l u t e s  a s  t h a t  i n  0.03 M b'- 

CD i i dd i t  ion, T1ii.s m r k e d  decrense i n  migra t ion  t imes was probably due t o  

the  s t a b l e  o r  e f f e c t i v e  inclusion-complex formalion between t h e  s o l u t e  and 

7 -0. The iniportant d i f f e r e n c e  belween 7 -CD and R -CD is the diameter  of 

t he  CI) c a v i t y .  From Lhe view p o i n t s  of c a v i t y  s i z e ,  B-CD, which has a CEI.  

7.5 c a v i t y  djameter ,  w i l l  be much s u i t a b l e  f o r  t h e  i n c l u s i o n  of benzene 

or nciphtlinlene analogues,  e s p e c i a l l y ,  f o r  t h e  recogni t ion  of enantioniers a s  

a mobile phase a d d i t i v e  i n  tlPLC s e p a r a t i o n  (18,19). However. 7 -CD having a 

ca. 9.5 

rormatiori w i t h  such s o l u t e s  i n  MEKC us ing  an SDS s o l u t i o n ,  judged from t h e  

e f f e c t  of tlie migra t ion  time redt ic t ion of t h e  s o l u t e .  This  w i l l  be probably 

c a v i t y  diameter  was narc e f f e c t i v e  f o r  t h e  inclusion-complex 
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982 NISHI AND MATSUO 

30 

8 
7 
6 
5 
4 

0 15 30 
Iv-CDl/mM 

Figure 5. E t f e c t  of 7 -CD c o n c e n t r a t i o n  on the migra t ion  t imes  of n ine  a romat ic  
hytlrocnrlmns. Riiffer, R 0.W M SDS s o l u t i o n  of pH 9.0 conta in ing  4 M i irea and 7 
-CD. O l l i e r  conditi-oils a r e  the same 3s given i n  F igure  1. 

i l l lP rp rP tPd  by the presence of R s u r f a c t a n t  monomer, which has  a I i p o p h i l  i c  

l inear  liydrocat hori chain .  Some of t h p  s u r f a c t a n t  monomer, which is 

e q u i l i b r a t e d  t o  t h e  rnicel le  i n  a s o l u t i o n ,  w i l l  be probably included i n l o  

thc Cf) arid tile r e w l  t i n e  inclusion-cuioplex of tlle monomer with CI) wi 1 I 

prevcriL t l ie  s o l u t e  i n c l u s i o n ,  e s p e c i a l l y  i o U  -13). which has a snial I c r  

c a v i t y  cuiiiparkd wilh 7 -CD. 7 -0, which has a larger c a v i t y ,  s t i l l  had A 

c .apahi l i ty  of Lhc s o l u t e  i n c l u s i o n  a f t e r  the i n c l u s i o n  of t h e  surfactant  
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Figure 6. Ef fec t  oL 7 -CD coricentration on the  migration times of ei  h t  
cor t icos te ro ids .  DufIer ,  a 0.05 M SUS so lu t ion  of pi1 9.0 containing 8 M urea and 
7 -CU. Other c o n d i t i o n s  a r e  tlie sane as  given i n  Figure 1. 
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f I t I 
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c a  
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Figure, 7. Sepnrntjon of e i  h t  corticosteroids by 7 -CU addition. Buffer ,  (A) a 
0.U5 M SIX so lu t io i i  uT pll 8.0, ( B )  tha same b u f f e r  containing 4 M urea arid 0.015 
M 7 4). 0Ltit.r cortditions are the siittte as giver) i n  Figure 1. 
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;uid herice t h e i r  d i f f  ereril i;il iii.igr,ition. kuong n i n e  a romat ic  compounds, 

smal let- reduclioii of tile ni igrat iui i  times through the 7 -CD a d d i t i o n  was 

obseived f o r  9-flriorene ;inti f l  ilomntherie. T h i s  w i l  I he a s c r i b e d  t o  t h e  

s t e r i c  hi i idrnnce as  mentioned i n  P -(X a d d i t i o n .  L i p o p h i l i c  and rod- l ike  

compounds such  as diberizyl arid t ra r i s - s t i tbe t ie  w i l l  h e  nure e a s i l y  

incorpora ted  i n t o  t h e  CD, r e s u l t i n g  t h e i r  f a s r e r  migra t ion .  Changes i n  t h e  

iiiigrcltion tinies of h y d r o c o r t i s o n e ,  hydrocor t i sone  a c e t a t e  arid c o r t i s o n e  

a c e t a t e  were r e l a t i v e l y  s m i  1 i n  comparison wi th  o t h e r  c o r t i c o s t e r o i d s .  

l h i s  may  be ascribed t u  t t i e i r  h y d r o p h i l i c i t y  x i d  t h e i r  common geometry. 

I n  conclus ion ,  t h e  C D s  a d d i t i o n  t o  the micellar s o l u t i o n  decreased  t h e  

m i g r a t i o n  times uf !ipophi l i c  coillpoljnds ai:d s e L e c t i v i t y  was m n i  pula ted  Iby 

tlte t y p e  o f  CD and i t s  c o n c e n t r a t i o n .  Aside f r o m  the  CDs mentioned i n  t h e  

work, we can  use  v a r i o u s  k i n d s  of a d d i t i v e s  t o  improve the separa t ion  in 

MEKC. S e l e c t i v i t y  i r i  MKEC w i l l  he  s u c c e s s f u l l y  and  e a s i l y  manipiilated 

through 311 a d d i t i v e  t o  the  m i c e l l a r  s o l u t i o n ,  i n  a d d i t i o n  t o  var i r ig  t h e  

type of t h e  s u r f a c t a r i t .  

We thank Pr-ofessor  T c r u n r i c h i  Nakngawn, Faciulty of Pharmaceut ical  

Sc iences ,  Kyoto U n i v e r s i t y  arid P r o f e s s o r  Shigeru  Terabe,  Facul ty  of Sc ience ,  

H i m e j i  l n s t i t u t e  of Technology f o r  t h e i r  he1 p f u l  a d v i c e  and d i s c u s s i o n s .  de 

are also g r a t e f u l  t o  D r .  Toshio Kakiinoto for his i n t e r e s t .  
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