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Enhanced Solubility and Iz vitro Skin Permeation of Lovastatin Using Some Vehicles
and Penetration Enhancers

Na Young Lee and In Koo Chun”
College of Pharmacy, Dongduk Women’s University, Seoul 136-714, Korea

Abstract — To enhance the in vitro permeation of lovastatin through excised hairless mouse and human cadaver skins, sol-
ubility was determined in various hydrophilic and lipophilic vehicles, and the effects of vehicles and penetration enhancers
on the skin permeation from solution formulations were investigated. Solubility of lovastatin was highest in N-methyl-2-pyr-
rolidone (NMP) (278.2+10.1 mg/m/) and dimethyl sulfoxide (DMSO) (162.2+9.7 mg/m/). Among different pure vehicles
used, NMP, DMSO, propylene glycol and isopropyl myristate provided some drug permeation (6.9+1.1, 5.9+1.6, 3.0+£0.5
and 2.2+0.3 pg/cm? at 24 hr, respectively) through hairless mouse skin. The addition of oleic acid, linoleic acid and oleyl
alcohol to DMSO showed the maximum permeation at around 5 v/v%, however, capric acid and caprylic acid had no enhanc-
ing effect. The increase of enhancer concentrations showed bell-shaped permeation rate, suggesting the presence of optimal
concentration in lovastatin penetration. Increasing donor concentration from 10 mg/m/ to 80 mg/m/ in DMSO and a cosol-
vent of DMSO, NMP and DGME (3 : 3: 4 v/v) did not show significant dose dependent permeation in both hairless mouse
and human cadaver skins. The maximum lovastatin flux through human cadaver skin was found to be 0.87+0.46 ug/cm”/
hr with 5 v/v% linoleic acid and donor dose of 4 mg/0.64 cm? in the cosolvent. These results suggest that transdermal deliv-
ery of lovastatin would be feasible by establishing the optimal concentrations of donor dose and unsaturated fatty acids in

appropriate vehicles.
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Fig. 1 - Calibration curve of lovastatin for intraday variability study.

Table I - Solubility of lovastatin in various vehicles at 30°C

Vehicles Solubility (mg/ml)
NMP 278.21+10.06
DMSO 162.18+29.68
Cosolvent? 159.58+9.21
EtOH 34.64+1.59
DGME’ 31.51+5.33
PGMC” 20.22+2.59
PGML’ 13.67+0.32
PEG 400" 10.40+0.11
PEG 300" 10.32+0.02
PEG 200" 6.58+4.48
PG 4.33+0.14
Oleyl alcohol 4.10+0.54
LBF PG 3.47+0.80
IPM 1.13+0.12
Receptor solution” 0.03260.00353
Water” 0.00085=0.00

Data were expressed as the mean=S.D. (n=3). "Some data were
cited from previous our data.'® ®Cosolvent was a mixture of DGME,
NMP and DMSO (3:3:4, v/v) where BHT (0.1%) was added as an
antioxidant. ®pH 7.0 isotonic phosphate buffer solution containing
SLS (0.05%) as a solubilizer and EDTA (0.05%) as an antioxidant.

SLS*s} ¢ % EDTA(0.05%) 7t pH 7.0 Q1AHI9HE
HoXE Gl eE ST ZHkAERRIS] B3)we] st B
21g} o] Aol A& HlojElF Tl HEakd, EellA]
= 8357} 0.85+0.00 pg/miE A1) 54| kA o] nlstod,
NMP 4 DMSO FolMe 27+ 278.2+10.1 ¥ 162.2+29.7 mg/
m/E "¢ 2 593, 1 v 2 EtOH>DGME>PGMC>
PGML>PEGs>PG>O0AI>LBF PG>IPM <=4{o|lt}. 24]E]
HolM= o A2 715 10 cmx4 em® A xS A4 =
HEAERRI O] 19 855 20 mge R ofar, viER A AR 7
AL E3ehs ok §9S 1miE 7F9E w, AojT 1ml
% 20 mg oo ErkAERS 59 5 gl §A17F F st
o]Z 7eret wj NMP$F DMSOE 73] gk A|AHe] oks &
N ZAE 93 SARA FEI FeAdS 2 Flow Az

SEM & Sl

bollA] 71gh nfe} o] upAER O] STt wig- S
aFld €41 NMPF DMSO°] 9t} Z1&J1h NMPsF DMSO
= o= AR el A8 A9 I A=, SN 5o f
duks-s do & Y0 wHsle] 1 v Ha)
AF ZB9ETF AAL om0 gAlolHA T av
Q& Aoz 4wzl DGMES NMPS DMSOS 53 &3¢

ol 40% BIE= F7EIS). &, ol 3% 8v¢] E5il NM

=

-

12

=

o

DMSO ¥ DGME®] &3(3:3:4, v/v)& =1L o] 384
= 5= =43 A3} 159.6+9.2 mgmio| At} o] L9
el mukerRl ] ZHEMY six| A2 Aol stk
3l AZbeT
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AIZ1A] $9kTt. Table Melli= AAI1A 2 Fop7} dojdt 2 714
EAeIN ] e EE (), AARNKTY) B EEY] T
FRE (D B (@) 2240 me} 3o} BABISIn). 7ot &
2]~ 9] 7] NMP(0.69+0.08 pg/cm?/hr)~ DMS0>PG~IPM
(0.10£0.01 pg/em?hn)= w2 EAolH= NMP2} DMSOZE A
olstarE ALl BE SAlelA Fapdo] vl WSS & 5 At
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Table II — Permeation parameters of lovastatin through the excised
hairless mouse skin from various pure vehicles

Permeation parameters

Vehicles Qo I T, Papp
(ng/em®  (ng/emhr) (hr) (x107 cmys)
NMP 6.93+1.09 0.69+0.08° 397+123  0.37+0.22
DMSO  5.94+164 047+0.12° 1.13+0.86 0.31+0.27
PGV 3.02+051 0.12+0.09 NA. 0.03+0.02
PMPY 2204030 0.10+0.01 2.20+167  0.03+0.00

Data were expressed as the mean+S.D. (n=3). Donor dose was
10 mg/m/ (2 mg/0.64 cm®) in NMP and DMSO. PSaturated solutions.
All vehicles were added with 0.1% BHT. J;: steady state flux. T}:
lag time. P,,: apparent permeability coefficient. N.A.: not available.

Significantly different (p<0.05) from PG and IPM.
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Table III — Permeation parameters of lovastatin through the excised
hairless mouse skin in DMSO solutions with different
penetration enhancers

Table IV — Permeation parameters of lovastatin through the excised
hairless mouse skin from DMSO solutions containing
different concentrations of oleyl alcohol

Permeation parameters

) Permeation parameters
Concentration of

Enhancers Qaanr JSZ T, liz;pp oleyl alcohol (v/v%) Qz4hrZ ]sz P};pp
(ug/cm)  (ug/cm®/hr) (hr) (X107 cm/s) (ug/cm®) (ug/cm/hr) (X107 cmy/s)
None 59+1.64 047+0.12 1.13+0.86 0.31+0.27 None 59+1.64 0.47+0.12 0.31+0.27
Oleyl alcohol 48.1+8.94 5.02+1.13" NA. 1.40+0.31 3 26.0+0.90 1.48+0.23 0.41+0.06
Oleic acid  58.4%6.41 4.87+2.40 N.A. 1.35+0.67 5 48.1+894 5.02+1.137  1.40+0.31
Linoleic acid 53.0£2.28 598+051"  N.A. 1.18+0.67 10 473+332 512+1.077°  1.42+0.30
Capric acid  12.3+4.20 059+0.06 2.29+0.24 0.16+0.02 30 383+022 4.23+049"  1.18+0.13
Caprylic acid  6.0+0.11 0.25+0.01 NA. 0.07£0.00 50 126+421 1.79+0.10 0.50+0.03

Data were expressed as the mean=+S.D. (n=3). Donor dose was
10 mg/ml. The concentration of enhancers was 5%. For, abbreviations,
refer to Table II. Significantly different ('p<0.05 and “p<0.01) from
that of None.
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Data were expressed as the mean+S.D. (n=3~6). Donor dose
was 10 mg/m! (2 mg/0.64 cm®). BHT (0.1%) was added to all DMSO
solutions. For abbrev1at1ons refer to Table II. Significantly
different ('p<0.05 and ““p<0.001) from that of None.

Z Holth, Aoz ¥ Zrl~elEle] DMSO £ F&E vk
2 I s ieﬂ ALTE2] FEel SJEsHA] ekgkom, 5~
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Fig. 2 — Effects of oleic acid and linoleic acid at 5v/v% on the
permeation of lovastatin through the excised hairless
mouse skin in a cosolvent as a function of time. Donor dose
was 20 mg/m/ (4mg/0.64cm? in the cosolvent. BHT
(0.1%) was added to the cosolvent. Key: O, cosolvent
alone; A, with oleic acid; M, with linoleic acid.
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Table V - Permeation parameters of lovastatin through the excised
hairless mouse skin in a cosolvent with different
concentrations of lovastatin

. Permeation parameters
Concentration of

lovastatin (mg/m) o T Papp
(ng/cm®/hr) (hr) (X107" cm/s)
10 047£066  NA. 013018
20 069+012  2.88£059  0.10:£0.02
40 047+002 361034  0.032::0.001
80 037£0.09  266+030 00130003

Data were expressed as the mean+S.D. (n=3). The cosolvent
was a mixture of DGME, NMP and DMSO (3:3:4, v/v). Donor
dose was 2, 4, 8 and 16 mg/0.64 cm?. Donor solution was added
with 5 v/v% linoleic acid and 0.1% BHT. For abbreviations, refer
to Table II.
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Table VI - Permeation parameters of lovastatin through the human
cadaver skin in a cosolvent with different concentrations
of linoleic acid

Concentration Permeation parameters
of linoleic Quonr Je Ty P
acid Vv%)  (ug/em? (ug/em¥hr)  (hr) (107 cm/s)
None 0.68+0.32 0.11+0.01 2.82+0.49 0.03=0.001
3 1.39+0.74 0.13+0.09 2.97+0.18 0.04+0.02
5 5.06+£2.49 0.87+046 255+0.67 0.11+0.06
10 2.33x0.68 0.25+0.06 2.34=0.31 0.07x0.02

Data were expressed as the mean+S.D. (n=3~6). Donor dose
was 20 mg/m/ (4 mg/0.64 cm?) in the cosolvent. The cosolvent
was a mixture of DGME, NMP and DMSO (3:3:4, v/v) where
was added with 0.1% BHT and 0.1% BHA. For abbreviations,
refer to Table II. Significantly different ('p<0.05) from that of
None.

Table VII — Permeation parameters of lovastatin through the human
cadaver skin in a cosolvent with different donor

concentrations
Concentration Permeation parameters
of linoleic Qo . Ty, P

acid (V%)  (ug/em?) (ug/em?hr) (hr) (x107 cm/s)
10 13.9+6.3 0.57+0.35 3.38=0.55 0.16=0.10
20 11.7+9.15 0.87x0.46 2.55+0.67 0.11+0.06
40 11.8+54 0.55%+0.22 2.46+1.96 0.04+0.02
80 6.6+16 0.31%£0.07 3.34*1.16 0.01+0.00

Data were expressed as the mean+S.D. (n=3~6). Donor dose
was 2, 4, 8 and 16 mg/0.64 cm?. The cosolvent was a mixture of
DGME, NMP and DMSO (3:3:4, v/v) where was added with
5 v/v% linoleic acid, 0.1% BHT and 0.1% BHA. For abbreviations,
refer to Table II.
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