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Lipophilic ion-pair complexes of 3—-dl-o—~tocopherylcarbonyl-1-n—alkyl-pyridinium-cromolyn (TAP-CG) were
designed to enhance the percutaneous absorption of cromolyn (CG), and the effect of n—alkyl chainlength of the ion-
pair complexes on the CG permeation through hairless mouse skin was evaluated in vitro. The permeation rates of CG
were examined in isopropyl myristate (IPM) suspension using static Keshany-Chien type diffusion cells at 32°C. The per-
meation parameters, steady-state flux, diffusion coefficient, partition coefficient between skin and IPM, and permeability
coefficient were determined. Steady-state fluxes of CG increased linearly with the increasing n—alkyl chain-length of TAP
—CG, and 3-dl-o—tocopherylcarbonyl-1-n—hexyl-pyridinium-cromolyn (THP-CG) produced the highest CG flux (0.62
+ 0.11 nmol - cm~2 - h~!), which was 14—fold greater than that of CG + Na in IPM suspension and more than 480-
fold greater than that of CG + Na in aqueous solution due to increasing lipophilicity. In the case of TAP-CG with longer
n—alkyl chainlength than THP-CG, however, the steady-state fluxes of CG decreased due to the high molecular weight
and/or the high lipophilicity of the ion-pair complexes. It is suggested that lipophilic ion-pair complexes, especially THP
—CG, are effective in absorption of cromoglicate through the skin. The results would be useful for studies on the role of

each counterion in the lipophilic ion-pair complexes.
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ZOLNAFATHA NI Tz O=)VEETIVFIL
—aFx—b (TAP) ZERL/ ra7zo—
V= aFx— MIBUMERRIEERHZ6 L, mE
EENEZ MR L RN S M2 M 5729, CG
DEHERNHETES. £/, ERNTHMIN
THZAF U BEEY IV EIRERIND 2D,
BIMER N Dizw, TAPREU D VB, raov >
B, 1v7o0rL /A4 8afAL, &Yy Farsikz
BT B ENTESD, BYU D VRO N{LIZ n-
alkylhalide Z RS B2Z &ICXD, ABICEEY
WFEINAHTT ' LB EERL, [IBHRERD
22 TAP 2 85T 5 EMuETH D, £
T, A F 2 HMEEYONREEZHET S I ENTE
587557 IVFIVAEIBED TAP 2 HWT CG EDfig
WA 4 25 HE &Y (TAP-CG) ZFE%L, TAP-
CGITL D CG DEFEEBMOA F >3t b amONE
VM CG K EBE BRI KT THEICOVWTHREL
7z,

£ B o #

1. #AE AL AEZNaT7zo—)l=O
F % — b (3—dl-a—tocopherol nicotinate: TN) &N
ryaxvZs/ Uit ~YJ A (disodium cromogly-
cate: CG + Na) X Sigma %! (St. Louis, MO),
methyl iodide (CHj;lI), ethyl iodide (C,H;I), propyl
iodide (n—C;H;D) I3FYEREEE T3EEHH, K OF hexyl
bromide (1-C¢H,3Br), octyl bromide (1-CgH,;Br),
decyl bromide (1-C(H,;Br), lauryl bromide (1-C;,
HpsBr) (38 G DRGSR 2 F W, IEHEE X
THEREL THW. Invitro K 8% EERICH W
ERURF BV TOE) (IPM) ZHIYEHEE
TR Z, = OMDOEIL T T R 2
AL

2. Z7OFSYYVE (CG) &ba7z0—)LE
Y LFIL=aF%x— b (TAP) &4 F x5k
&4 (TAP-CG) OFH  7ILFI#H (n) O
72 5% 4 TAP |3 TN /n 5 Menschutkin M iZ & D
YD VRO N n-7 IV FIVHEZEAL T3
—dl-a—tocopherylcarbonyl-1-alkylpyridinium iodide
N1 3—dl-o—tocopherylcarbonyl—1-alkylpyridinium
bromide &k L, MW/KITS /—)LHTHEALIEZE H
WTNOF OZZHIT KD chloride & L7z, 19 4
TN @ TAP 5.0mmol ® A% / — )LVE#K 50ml &

CG - Na 3.75 mmol D/KE#K 30 ml 25 (BIVEE
1:2) U, wHEZEERGER, U 2SRz2eE
BOEICK DB 2. BEEAZFREL T2 KM
%, BEZeirfE L T TAP-CG 2137

% TAP-CG, 3-d/-a—tocopherylcarbonyl—1-
methylpyridinium cromoglicate (TMP-CG) , 3—dl-o—
tocopherylcarbonyl-1-ethylpyridinium cromoglicate
(TEP-CG), 3-dl-a—tocopherylcarbonyl-1-n-
propylpyridinium cromoglicate (TPP-CG), 3-dl-o—
tocopherylcarbonyl-1-n—hexylpyridinium cromogli-
cate (THP-CG), 3-dl-o—tocopherylcarbonyl-1-n—
octylpyridinium cromoglicate (TOP-CG), 3-dl-o—
tocopherylcarbonyl-1-n—decylpyridinium cromogli-
cate (TDP-CG) MU\ 3—dl-a—tocopherylcarbonyl-1
—n-laurylpyridinium cromoglicate (TLP-CG) 3'&
B/rHik (JEOL JMS HS-10 BUE &/ Hiaf, KMA
DA-700 7 —% AT L) ICKDILEW 2R L
7z,

3. TAP DBRKMNTA—FDRE AT
F 2 TH % TAP OBKME/INT A =5 (log ko) 13
(% 5 DFHFEDITHES THPLCIEIC K D EHL /=
0.05 M FEfE#EE K (PH6.5) -7 b= MU LD
BHICBWT, TENZRNUILEEZ 60% (W/v),
65% (w/v), 70% (w/v), 75% (w/v) EZ2{38, &
1M ®D TAP {F#R 10 ul 273 A LU T E 254 nm 1T &
DPEE L. BBEHICHT 558 — 7 (rEFREHE
(tr) B IR BERSTE () 05 XX 2T log k
ZR®, BEIHMKDOKEHEZE 100% ICHYS T %
log kg Z#FHH L 7=,

log k=log[tr —ty) /t,] (1

Wit HPLC QEEAHTIX, U AT IV EREZF
DT UINHEEL I FIVETHEG S
BN —BRCH NSNS, TS50 T ATIEE
NFF 2 DREENRETH > /2D, KHTIEKD
BUKE DN T IVFI T ) B ES S B mIEA
Rz,

4. TAP-CG DEMERE % TAP i3 CG
- Na 50 mg # 2 il BrE (Pyrex &, 68X 100
mm) [ZFERH%, /KXIZIPM %2 1 ml iz T 32°C,
24h k%A L /=%, BB Z 0.45um A>T 527
4 )% — (MILLPORE #) T4 L T, HPLC i
XD CGCarERELL.

5. InVitro HEHEAEER  (KHE 26.3~37.4g,
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1020 A/ DHEANT L A7 A (SLEIEHE D BEA)
MmO EE RS L, &T%%%@%bf
Keshany-Chien UL )L20C L=, 10mM D
TAP-CG X% CG - Na O /K XiZ IPM OB L
BB EW®ZFALL, RF—HMHIZImlMA, 20
EEENT TAIIVALTER LU Le7y—HHiZid
pH 7.4 kY D ERRRMR &2 A TR L, 32°C T
A>Fa~X—3>0L7%. 1~6h, 12h, 18h, 24h
BICL 7Y —H XD 10ul $7ELL T, HPLC i
L0 CGZEmE (Q) ZE&ELL.
HIEEEEE (dQ/d) 13 Q DR 1k 2—K
Wy, EOITKEE#/INT A — &tbf,&%*@
YL EURE (D), EEFID S K&~ D FEY) oy Bl bR
B (Kn) RUOEYOKEEEFRER (Pn) % Q2) 77
% (4) I TR L 7= Scheuplein @ =, 2V Higuchi ®
A2 KO Fick OIL#A» SHEHIL 2.

_K.C4DA ( Lz) 2K CdLA & —l)m
=7 "D g
Dm*n’t

Xexp (— B ) (2)
d0 Kn.CiDA
T2 __midPR 3
dt L ®
dg

—=P,AC 4
Y (4)

ZIZT, Cul3EAFOEYRE, ATEMEEAE,
LIiZEEDER, ACIZRF—HHELTH—HD
CCGREDEERT.

KT — 5 RIS T A= OFEINAEEEIL,
Mo X3 Kruskal-Wallis #: 5 % Fi W TREMT L 7=

6. 7OV YV IVEBEBOFEE HPLC %&
(Waters #:#1) 1%, 7R 7 : Model 6000A, - >3
T 7 % — ; Model U6K, UV ¥ %% ; Model 440 %
fFERLZ. AL, MEATLDTEES AT A
RCM 8 X 10 (Waters #:%) 13 Radial Pak SAX
(Whatman tH%), fEnpesid, 7Oo~< h/)Xv 7 C-
R2AX (EidBEpE) 2/ L7z, BEHHHIZ 0.05
M KH,PO, #&fi% (pH3.0) &7 h=hVUILZE T :
3ORETRSG, HBEKRMKAE, #i#E 3.0ml/min
THEAL, %E254nm TCG ZHHL =,

fa R &ER

1. {WAFAOBmKE A F 2 HEEGHOY
HEIEEIEE A A > OMEEIC K> TRESELASN

5. DD, 3UOHIZ TAP-CC DX HFF T
&% TAP OB/KMIMEEIZ D W TEUKIEIN T A —%
log ko Z TR Lz, S EHOM & (1)
X T/REIN logk & DRI Liﬁﬁf;lﬁ%@?ﬁl%ﬁf’ﬁ
S5N7=DT, BEIHOKEER 100% I/ L 72
logky #EH L7=. TAP @7 )L )L IS D % EE
(n) &logky & DR % Fig. 112:9. logky 2t n
DEMMITEVERIZHEMT 2 Z &S, TAP O
BRI 7 IV FIVHIEE D K X ITHEIT 2 2 ENED
5Nz,
2. CGAF XMLEMDBRE  RIT

Na & O TAP-CG @1 # >kt &¥ (TMP-CG,
TPP-CG, THP-CG, TLP-CG) DWW T 32°CIZH
T BKEIPMIZH T BIEMRE  (Swaer LT Sipm)
ZRE L7 (Table 1), ZDFER, CG - NaldHd
B WKIEME  (Syater=2.31 X105 umol/1, Sipy=2.30
umol/l) ZRU=D, TAP & DA F 2 kiz &
0 Syater XL /2. HIZ, TAP-CG D Sppy &
TAP O 7 )VFI)VHABE n ITHBIL THEIML 2. DOF

log &,

3.0 1 | | | | |

0O 2 4 6 8 10 12
Alkyl chain -length of TAP

Fig. 1. Relationship between Logk, and n—Alkyl Chain-
Length of TAP Cations
Each value of log k, represents the value extrapolated to 0% acetonitrile
from the linear-relationship between log k values calculated from equation
(1) and acetonitrile concentration (v/v%) of the mobile phase in the re-
versed-phase HPLC method.!?
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Table 1.

Solubilities of CG+Na and TAP-CG in Water and IPM at 32°C

7
NS o
@\ CieHz
#7C00
2

O OCHCHOHCHO O

(0] (0] coo
Solubility (um)
Compounds R m.w
Water (Syater) IPM (Sipn)

CG-Na — 512.33 231.2X103 2.3
TMP-CG CH;- 1568.04 35.8 8.5
TEP-CG C,Hs~ 1596.10 32.6 25.9
TPP-CG n-C;H,— 1624.15 30.2 63.6
THP-CG n-C¢H 3~ 1708.13 13.3 92.3
TOP-CG n-CgH 7~ 1764.42 11.7 125
TDP-CG n-CoH,—  1822.54 9.9 149
TLP-CG n-C,H,s—  1876.63 9.7 172
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Time (h)

Time Courses of Cumulative Amount (a) and Overall Fluxes (b) of Cromoglycate through Hairless Mouse Skin in IPM at 32

Each point represents the mean of five experiments. @: TMP-CG, A: TEP-CG, B: TPP-CG, O: THP-CG, A: TOP-CG, O0: TDP-CG, <: TLP-CG, and

®: CG - Na.

0. A A MEEY TAP-CG I3, %t HF+> TAP
DY IVEIVENENIZ ENRAEMENE AT 5.
3. TAP-CG DFEEZEAMCKRIEFS TAP 7ILF

LMAEDZE

% TAP-CG O in vitro J% J&i%538

@ DNTIE, N7 LAY T REEREZILE )L
WCEF L, KBV O R —HHI2% TAP-CG Xid

CG - Na @ IPM &z, L &7 % —HIiZpH 7.4
HiR U D REERE W T CG ZimE (Q) zHlE
Uz, @iEBMMT, RF—HTIX CG- Mk
N9, TAP-CG 3R 2 2 &7a< 14 2 xtk

EMELTREHEELTND Z L 2R L.

WIFND TAP-CGIZBNWTH 1~2h D7 ¥ A
L%, QUIERIITEML - (Fig. 2(a)). 7k,
AT OBEHEE (dQ/dr) 13K 6 h B S EHIR
REICEL, 24hDINTEZOEIZIZEAE~ETH
> 7= (Fig.2(b)). CG ® Q K\ dQ/dr 11z
THP-CG b @<, 7IVFIVE D KIZHEN
CG + Na< TMP-CG<TEP-CG<TPP-CG<THP-
CG &8N L 7278, n>6 Tldiiic TOP-CG>TDP
-CG>TLP-CG DJEIZHD L=



No. 9

677

08

Steady-state flux ( nmol-cm2-h1)

00 [ | 1 1 1 1 1

0 2 4 6 8 10 12
Alkyl chain-length of TAP-CG (n )

Fig. 3. Relationship between Steady-State Fluxes of
Cromoglycate and Alkyl Chain-Length of TAP-CG
Each point represents the mean + S.D. of five experiments.

TAP-CG O 7 )L FI)LAIHE & dQ/dt & DR %
AT 5720, n EEFIRBICHB T 5% EE
(dQy/dt) & DEAf%R%Z Fig. 312£ 7. 7ILF IV
M n <6 Tid dQy/dt 1 n \TELBI L THEANS %A% n
> 8 ML AWITHA T HEMADH D, K, THP-
CGIZLB CG D dQ,/dt T mEfE (0.62 = 0.11
nmol - m~2+-h~!) Z;RL, CG:-Na &iEd2&
K14 fE8EmL 7=, — &I, BEEEIQIEREDE
fBIC X BHEBENKEL, TAP-CG D n < 6I1ZB1F
5 dQy/dt 13 Sppm WWIKEFEL THEIML7ZEEZ BN
5., LrL, n=8TIld Spm MNEEINT BITH MM
b5, dQy/de 1A L.

4. TAP-CG 1 A > {LEMDREFEBICRIF
TEFOHR  EKEZRERICBIT S RS —HMHIC
i, WE, EYOREREKR T IPM 2RY TF LT
Lo a—)Vz5AE UIRIR, BRIBREDH W
515, Lnl, RERTII7IVFIVEHENEKT
512D T TAP-CG @ Syaer 734 L (Table 1),
TAP-CG DK\ DBEE A HRETDH > /=72, L
Bl D RF —HI12id TAP-CG @ IPM S&E#K %

Table 2. Penetration Rates of CG+-Na and TMP-CG through
Hairless Mouse Skin in Water and IPM Solution at 32°C

dQoy/dt (101 mol-cm—2-h~1)

Compounds

Water IPM
CG-Na 0.0134+0.001 0.440+0.009*
TMP-CG 1.098+0.077 1.789+0.107*

Each value represents the mean=+S.D. of five experiments. * p<{0.01
vs. dQy/dt in water.

Wiz, 22T, IPM # CG O IUEHEIZ KIF T
W% CG -+ Na KU TAP-CG DHTH Sppy MV
HELW TMP-CG IZDWTHRF L=, EhZEhd R
F— KV HR B O 7K & R 2 Fl WD T RIBR 7R 52 Bk %
frvy, dQy/dr ZHE H L IPM #Eik & iz L /=
(Table 2). CG - Na ®/KIAHE Tl 24 h AN T CG
FIEEAEBIEET, IPM BREK T KIBRKRE D
HK 34 EEoEEEEERLUE. —F, TMP-CG
D IPM RREHK TIE, ZKIEIRIT 0% i 8 I3
L6 fzoEmLrEeniaho/z. §kabs, R
F—HDIPM 31 A > HEDEWN CG » Na iz K&ES
BET DN, TNITHXTA A k&Y TAP-
CGIZLD CCDEEEBEBRICIZHFEVFELBNT
EVHBAL T,

5. TAP-CG 1 # > {LEWMDEEZBHE
DL DRSS, 1 F >k &¥ TAP-CG 13Xt /1 74
> TAP O 7 )V FI)IVRIBENE W EREENE £ 5
2, EESEIINT L ORAEE S 8T,
n=6 ® THP-CG 2 b &\ dQy/dt Z/R L, n>6
T EERNFHIR I NS Z ENHS NS
. ZORKD1D&ELT, TAP-CG L EJ{HED
HEERZZET 20ENH D, £ T, KEER
INTA=FLLTQRQANS @DKITXD D, Ky, P
ZHRMHLU T Table 312 &®7. Ky i3 TPP-CG &
O THP-CG 73t TAP-CG X V& 7 £5 & il % 71
L, TAP-CG OH 87 )LFILEIH (n=3~6) IZH
WTEEEOBRMENTLELZ. LHL, DIX
THP-CG > TOP-CG>TPP-CG = TMP-CG DI
(p<0.1) 2, Pyl¥ THP-CG>TPP-CG>TOP-
CG DJE (p<0.05) IZEmWEZxRL, THP-CG T
BIENOFB R IIIEHNE KR L. Z0EE, KIS
FHBEE A CG + Na @ IPM BB DK 14 1%, £
72 CG - Na /KIRIE DK 480 5720, &G % (e
HERFR (ER) I$BEEITH AL, 9725, Table
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Table 3. Permeation Parameters of TAP-CG in Hairless Mouse Skin at 32°C
L D* 3k *

Compounds (hT) (1077 cm?2:-h~1) (crr;n‘z) (10-¢ CI[Inl'SCC_l) ERipm ERwater
CG-Na 4.3 3.79+0.7 0.43+0.04 0.08+0.01 - -
TMP-CG 1.9 154+1.0 1.12+0.07 0.76+0.06 4.1 138
TPP-CG 1.2 15.8+2.7 8.89+1.44 6.13+1.05 7.6 258
THP-CG 0.7 24.1+4.6 8.06+1.56 8.47+1.63 14.1 478
TOP-CG 1.1 19.8+3.2 1.26+0.24 1.09+0.18 5.7 194
TDP-CG 1.5 13.2+2.4 1.34+0.15 0.77+0.15 4.7 159
TLP-CG 1.5 14.7+1.1 1.02+0.08 0.65+0.04 2.7 92

Lr: lag time, D: diffusion coefficient, K,: partition coefficient, between skin and IPM, P,: permeability coefficient, ERpy:
enhancement ratio compared to CG+-Na in IPM suspension, ER,,.: enhancement ratio compared to CG-Na in aqueous solution.
* Each value represents mean+S.D. of five experiments. Data in D, K,,, and P,, were examined by statistical test using Kruskal—

Wallis method.

1 TRENDEIIICn S 6T IF A TAP D
7IVFEIVHIBE O EIC L o T TAP-CG D fgiA 1k
(Sppm) ML TEEHMENE 22D, 1
F 2t B TAP-CG O e fEd itk at LR Uz &
EZo6N5. —J, Fig. 3ICA5N5L 512, TAP
TIVFIVHIEE O 5 E 5 8 LLET dQy/dt 23§
0%, 1) £ELT, IPM B # T T TAP-CG
MIFINF —MICREICFEL TN DR END
SECMEDME TR, 2) TAP-CG DOJSIEMENEAL T &

W & EEIEN G, 3) TAP-CG 7 F&0DH
Iz fE > T TAP-CG O Z JEILEAENSK R L 72729
EEZBNS.

] Ei

7 OES ) B ORERINZEEEICYT 2121, &
BEMZRITEELETCC 2EEBBIED I &N
WHETHO, RHFETIE, o1 F 2 ICRIER DD
Wharvzo—)ZaFx—rZ2HN, BEEEZE
b1 F b TAP-CG 2 L /=,
TAP-CG 13 CG D &%z =0, $iZ, TAP
TIVF LM R FE% n=6 ® THP-CG |, CG -
Na @ IPM &R DK 14 f5, =L T CG + Na /KiF
WOK 40 FEOKREERBEEZRT I ENB,
TAP-CG JBVETEA 7 > b & MAY CG Dk B
WEMTHDZENED LN, 51T, TAP-

GIZBL TIE, Z28A1F > 07 IVFIVHIH %1
X BIEEIEZBEIML THZDOEWIREED -0
L <IEaTEHEMIIEK S TAP-CG OHLEHE D

D DT DITHERINT L G B HE bS8 52 &
MHA S Mz > 7=, TAP-CG D EENBITHER N

WA F1 = X LD WTHR in vivo $& LT B
THERBLRAPBETH DM, 14 Heawick
B R R W R HE TV Bl 7 A > 2 IR U T
IR EE 2 AN UL, CG DX D71 F Y
DOREERNEHET HFEELUTHEATH S & ibm
JiFsinb.
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