CHAPTER 1V

RESULTS AND DISCUSSIONS
1. Synthesis of TMZ-HE

The successfully synthesise of theyskin deliverable TMZ-HE, Pybrop® and DMAP

)e reaction to proceed successfully

m—
yield the products (Suppasansatorn ez dl., 2mtimum condition was found to
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be a mole ratio of al Ko : 1: 1: 2. The reaction time

was around 12 hour E was purified using siliga
gel packed in the co E was obtained around 40-
60 %. It was found product conformed to the
previous standard. Aqueo lue were also similar to the TMZ-

HE standard.
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Solubility in 10% v/v PG in water= 0.4 mg/mL (~ 0.04 %w/w)

Log P=2.56
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2. In vitro and in vivo bioactivity test

2.1 In vitro tumor cell growth of temozolomide hexyl ester

The results of the in vitro cytotoxicity assay of TMZ-HE, TMZA and

TMZ in comparison with carmustine and dacarbazine against a panel of human and

’% wn in Table 7. Carmustine and

murine glioma and melmu@\ )o
dacarbazine are the m@nlguse&m

respectively / 1L
Table 7. In vitro cylotoxici

dacarbazine and carmustj ainst ‘f' s  (Meants.d. ;n=3)

treat brain and skin cancer

Compound
3 99 | SGH-44 | TIJ905
M 20 s
TMZ-HE |89. 1176 10 5848.75 [33.87+2.23 | >358+12.33
TMZA 184'75ﬁ3 >500£13. )245.52 ﬁmu.sz 36.21+3.11 | >500+14.55

=

=
T™Z 40.48+3.06] >500+12.09 | 318.51+10.25 [ >500+11.46 | >500+11.64 | 46.58+2.67 | >500+13.64

Dacarbaziﬁ % mmw@ffwﬂﬂi 6.92+1.16 | 37.65+3.64

L ‘ ' (TN N W
Camustmeqdz 134.06+5.67 | 36.22+1.14 | 61.25+£3.44 |253.26+5.79 | 33.62+1.88 | 314.45+9.38
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not susceptible to TMZ, TMZA and TMZ-HE were identical: MV3, B16 and SHG-44

cell lines were sensitive, while M14, B16-BL6, TJ899 and TJ905 were not. There was
a degree of variation in the range of sensitivity of the tumor cells to TMZ, TMZA and
TMZ-HE. More precisely and interesting to note was that the TMZ-HE was more

active than TMZA against MV3 and less than TMZ with ICsy varying 2-fold
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respectively; while against B16, TMZ-HE again was more active than TMZA and

surprisingly more active than TMZ with ICs, varying 2-fold and 3-fold respectively;

against SHG-44, all three compound were almost equally active.

Alteration of the alkyl groups (Valia et al., 1985; Beall and Sloan, 1996)

has significantly improved th m1ca1 properties of TMZ esters by
balancing an adequate aqu

11p1 .ﬂ ¥ (Barry, 2001). The esters were
ﬁ
effectively metabolised.ME"—-' 2y

that the prodrug appr

jtro and in the skin suggesting

In the past actjvi 1- midazotetrazine derivatives have
on N3 and an alkyl group on N
is an assumption that an active

derivative should have at-lehst orie 1 sbond donor connected to the C8-

)gE ] of 8-carbamoyl and N1 in

proactivity (Delmy et al., 1994). The hydrogen

of the cs-caﬂFT)ﬁ El]rd(%qpq ,Ejrﬁ%fw ujen-bond donor and can

form a hydrogéeh!bond with N1 of t}ée tetrazine rmg This is probably the reason for its

o QR G TR B Bz e e

cytotox1c1ty of the hexyl ester to TMZ and TMZA may be due to its rapid hydrolysis

the tetrazine ring is ilQortant for

by esterases exosmosed from the cells into the culture medium and the enzymes
within the cells, converting it into its parent acid. An attempt to identify the active
species of the hexyl ester in the culture medium during the in vitro cytotoxicity assay
was made without success, due to rapid disappearance of the parental

imidazotetrazine nucleus. However, ready hydrolysis into TMZA in vitro by pig
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esterase and the immediate conversion into TMZA within skin during the permeation

experiments indicated TMZA could be the active drug of the ester prodrugs.

It was interesting to note that in vitro cytotoxicity assay of TMZ-HE

showed more activity than TMZA against MV3 cells with a 2-fold difference in ICsg

values, while the activity agains : c cer cells was approximately equal.

Although there is no evidence sug 51gmﬁcant differences between

increased hydrophobicityNot s 1y, this st ;m\ in vitro cytotoxicity of

TMZ, TMZA and TMZ that o acarbazine and carmustine. A

J @ e obtained similar results. For
d . TMZ Jinhibited metastatic melanoma cell

number of independent
example, a recent stud

proliferation only at very hi ) edian ICsy 228 uM (Prignano et al.,

2002). However, 5IVing patients with advanced

malignant melanomaﬂ MZ produced an objective resmnse rate of 13.5% compared

. ”ﬁeﬁﬂ*’ﬂ“”ﬂﬁ FrETeRITh S
Q‘W']ﬂﬂﬂ‘im NN Y
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2.2 In vivo antitumor of TMZ-HE on BALB/c nude mice

inoculation with MV3 melanoma

With topical application at a dose of 20mg/mouse/day for two weeks,
TMZ-HE effectively inhibited the tumor growth in the mice with % inhibition of over

80% (table 8). At the end of the ex s, both tumor weight and tumor volume of

the treatment group showe ifferences compared to the control

— "J T—

—=

group.
Table 8. In vivo inh /of the TM L' HE ‘against MV3 melanoma in mice

(20 mg of TMZ-HE/mousg/day :

/

T/C  Tumor  Inhibition
(%) weight (g)* (%)

startend  Start

Control 8 8 23.0+1.50 25.0+0: 1814980 8.9248.97 -  2.10+0.80 -

* 3.01+1.9533.7 0.41+£0.30*  80.5

_,;l-,.-*".-“:.-" L%
Treatment 8 8 24:0¢1.53 22.962.23 116+

W

3

*Body weight )ﬂ.\ﬂﬁ%ﬂﬁﬁ) %fWﬁuﬁwﬁg%(g) were expressed by

meants.d.; n=%

N W a“ﬂsﬂﬁfﬁsﬂ%ﬁi’%ﬂlﬂ ﬁvxé';%jds in studies of

topical gdministration of drugs because shaving was not required. DMSO was used in

*P<(.05 vs control D

preparation of the solution of the TMZ-HE, because DMSO was one of limited
solvents in which the drug could be dissolved to an effective concentration and
remains stable for the period of experiments. Furthermore DMSO was a known skin
permeation enhancer and was tolerated well by animal skins however it is anticipated

to replace DMSO in the future in vivo bioactivity and clinical studies of the drug. The
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significant inhibition of tumor growth in mice by TMZ-HE via a topical application

indicated the active drug has been adequately delivered into tumor tissues. To achieve
this goal, the TMZ-HE has to permeate through the mouse skin, and then be converted
into the active form locally. As discussed above, only those compounds which

possessed an adequate balance of aqueous and lipid solubility can achieve a skin

delivery. Therefore, this result warra ’ MZ-HE to be a good candidate as a skin

deliverable anti-cancer pr% entl ﬁsﬁ,effective treatment for malignant

it was immediate and is effective

In removing cancer s ) rgery".ce 1ot guarantee 100% removal
particularly in late diagubsg 5 where 'ees of metastasis can occur
cutaneously. Therefore P follow-up treatment after surgery

, may fulfil this tasm

AUSANYNTNYINT

3. Delivery 6f TMZ-HE thr(‘)‘ugh skin from VE TPGS microemulsion

sysas | ENITI L URIINYIR

Regarding the previous studies, it was found that TMZ-HE, with the same in vitro

therefore the prodrugmne TMZ-1

bioactivity as TMZ and TMZA as described in previous section exhibited the
promising permeability coefficient (K,) and Flux (Jis) value through rat and human
skin. This ester derivative was therefore chosen to incorporate in topically applied

formulation. Microemulsions (MEs) were proposed to use in this study as they are
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promising vehicles for skin delivery of drugs demonstrating high drug loading

capacity and a penetration enhancer effect (Kreilgaard, 2002).

The choice of components for a pharmaceutical ME is often a balance between

compounds, which are able to form MEs, are nontoxic and are able to fulfill the

requirements of a good vehicle fq%\#f/? rption (i.e., high solubility of drug of

interest). Vitamin E- TP new whose monograph was recently

adopted by the United opskin, 1999). Structurally, it

1s amphipathic and hydro charac te;‘lstlcs of typical surface-active
agent. It can also be us bsorption enhancer, and the
vehicle for lipid-based et al., 2005). In addition, skin
and eye irritation studi ted that it was safe (Wu and
Hopskin, 1999). oy this agent as a surfactant in ME
system. Several oil li Ske subst’éné/e&’m been reported to be used as
skin enhancers (Pelfola ef al., 20 lei¢ acid (OA) and isopropyl

myristate (IPM) wereased as the o1l phase. It is knowmthat OA can interact with SC

N S IV TRy = oo

increasing the flux (Larrucea et al. #,2001) IPM has been used in several transdermal

B G464 P3Gl SRV B o con

poorly understood (Peltola et al., 2003).

This study is thus to investigate the potential of several ME formulations using
vitamin E-TPGS as a surfactant, OA and IPM as an oil phase for increasing
transdermal delivery of TMZ-HE. The effect of different oils used and the effect of

co-surfactant on skin permeation were also investigated.
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3.1 Construction of phase diagrams
The area of phase behavior was mapped on phase diagrams (figure 22)
with the top apex representing water and the other apices showing the oil like
substance (OA or IPM) and surfactant (Vitamin E- TPGS) or the combination of

surfactant and co-surfactant (Vitamin E-TPGS and isopropyl alcohol). The

,// shown in the dark areas while high
-

transparent, low viscosity ME

viscosity ME gel (non-fl esented by grey region. The rest

‘_‘m and conventional emulsions

based on visual observatiofl. in figure 22(A), vitamin E —TPGS used as a

of the regions on the

surfactant can form t Stem— introducing any co-surfactant.
However, when IPM was u ea(:L‘ \ stem b, only a narrow ME gel
has carboxylic acid group that
up) of surfactant leading to the

increase of the ﬂ(iSlblhty of the e : film. Conversely, IPM is an ester

compound and it side only 1r chaih of VE TPGS (figure 23).
The shot chain alcohoulsopropyl alcohol, IPA) was thg employed as a co-surfactant.

e ST WY

Adlillustrated in ﬁgur‘e 22(C), the ME gel reglon is broadened, and a
hquldQEanl]eaﬁaeﬂTﬁ m Nbiﬂ &Q Me&lgfa Elerfacwl tension
of the surfactant film by insertion of IPA in the polar head group of surfactant

resulting in a more flexible and dynamic layer (Kreilgaard, 2002; Sintov and Shapiro,

2004).
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Figure 22. Pseudo-ternary r‘"’fé ME system a consisting of vitamin E
-TPGS, water, and ‘olSic acid; (B) ME system b consisting vitamin E-TPGS, water and

poLaani
isopropyl myristate; Ed
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QWWNFI‘?WNWTJV]EH&EI

m itamin E-TPGS / isopropyl

alcohol
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3.2 Preparation‘of mieroem

Vitamin.E-TPGS; a solid e, has.a melting point of 37-41°C

(Wu and Hopkins, 199¢ onising vitamin E-TPGS as a

surfactant is that thisampound should be melted befﬂ incorporation into the other

ingredients. Wﬁﬁ%ﬁ%ﬂﬂ%’ w :ﬁ ﬁVI]TTlﬁ.\ld be carried out at

temperature hlgner than vitamin E-TPGS megl‘ting point in eo;der to avoid the

pecipebid of G bdans b 1 ol o W s sy, e

temperature was maintained at 45 °C throughout ME preparation.

3.3 Electron microscopy study

The isotropic property of all ME preparations selected from the phase

diagram were confirmed using cross polarization microscopy. ME 1¢, ME 2 and ME
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3“ present completely isotropic properties (the formulations appear dark between
cross polarizers). Gel-like ME preparations (ME 4° and ME 5°) also show the
complete isotropic properties. Freeze fracture electron microscopy (FFEM) pictures

demonstrated the highly packed of surfactant and oil region with a small amount of

A

water in the systems.

FFEM techni crally aracterise the microstructure of

b4

water rich microemulsi the freezing process, water is

dehydrated and other liqui bil) remained in the samples are used for
further visulisation un ' € is study, only small amount of

water incorporated in t tiop Jcaks  densely packed of oil and surfactant

Figure 24. FFEM image of ME 3 (x 50,000)
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Figure 25. FFEM image

After drug loading in the

arer "‘J confirmed using cross

l |
polarization microscog'. The loading dose in all ME ﬂparations was up to 75 folds

higher than uﬂ luﬁoﬁ ﬂﬂ‘ﬂ%ﬂ"lﬂ PE v/v in water, ~0.04 %

w/w, see sectloﬁl| 1) as a control. This confirms t at ME vehlcle greatly enhanced
the s@bﬂlﬂ%ﬁmmﬂ ’a Wd&l f]ta %;Ias an effective
formulatlon to increase the solubility of various compounds. In ME 1, ME 2, ME 3
(formulations using ME system a), the amount of drug that can be loaded depends on
the concentration of vitamin E-TPGS used (see table 9). As the amount of vitamin E-
TPGS increased, more drugs can be loaded. This indicates that the more surfactant

containing in the formulation leading to the more solubilising capacity of the
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formulation. The more surfactant used results in the high aggregation of the molecule
(i.e. from micellar to hexagonal) and this causes the more space of drug can be

dissolved in microemulsion system.

Table 9. Composition of the microemulsions (w/w, %)

Ingredient (w/w, %)
Formulation

Vitamin E-TPGS IPA
1 ME 1° 30 -
2 ME 2° 40 -
3 ME 3° 56 -
4 ME 4° 57 i
5 ME 5¢ 40 10

AN AL O

and ME 4 respégtively) shown in te?le 9, the amount of drug that can be incorporated
o oGy 1 BGTHER BRI F B 1 0n o
IPM (taT)le 10). TMZ-HE has a little solubility in water confirming the high
lipophilicity of this compound (lop P= 2.56). However, TMZ-HE has the greatest
solubility in OA because this oil substant can also behave as emulsifying agent in
topical pharmaceutical formulation (Kibbe, 1999). The carboxylic acid group in OA
molecule is recognized as a polar head region and it also has a long chain

hydrocarbon tail demonstrating an amphiphilic property of the molecule.
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Table 10. The solubility of TMZ-HE in OA, IPM, and water (n=3; mean+s.d.)

Solvent Concentration mg/ml
OA 17.22+0.23
IPM 13.62+0.67
Water 0.050+0.004

ifferent loading dose

X datathrough silicone membrane
from ME 1, ME 2, \\f 11 cases, the permeation rate
of TMZ-HE from microe ased significantly (p<0.05)
when compared to control _

| "’f’%{i’;&- i eparations of ME 1, ME 2, and ME 3
(from ME system uf;,—T:::.-:x_;::x::a::=:::::=:a:=;x*-::z:::a::z:.‘:?f- g loading resulted in an

-
increase in skin pernigatio svious literature, drug loading effect

was likely to be an effe€tive method to improve the skin permeation rate of various

compounds @Mﬂ%ﬂﬂﬂ@ﬂﬂﬂﬂjﬁ drug loaded in the
N ST L AT e e e

membrafie (figure 26).
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Table 11. In vitro TMZ-HE flux data (Js, nmol/cm*/h, n=3; meanzs.d.) through

silicone membrane from ME 1, ME 2 and ME 3.

Ingredient (w/w %) % Drug

, Flux (Jss)
Formulation W  OA VE loading 3
(nmol/cm/h)
(w/w)
1 ME 1* 20 50 ‘1\ / 15 67.94+2.23
2 ME 2° 10 50.. 40 ﬁ 79.01+5.04
3 ME 3* 11 50 , 101.00+1.83
4 Control sol" - 71 1.. . 35.1445.95

“ = chosen from ME syste
W= water, OA= oleic agid, VE= 2TPGS
Control sol"= 10% propylens 1?:;% /

et < 2

£

K
®
o
g ——ME 1
o -~
E"E —a— ME 2
3 2 ‘ ﬂj ——ME 3
= g —— Control
QO ~
2 -
3 1218 &)
g 9
a T 1

0 2 4 6 8 10

Time (h)

Figure 26. The permeation profiles of TMZ-HE from ME 1, ME 2, ME 3 and control

solution.
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3.5.1.2 The effect of co-surfactant

As the data presented in table 12, ME 5 showed a more
effective vehicle in increasing TMZ-HE permeation rate through silicone membrane

compared to ME 4 with the same amount of drug loading. Figure 27 also showed the

higher permeation profile of TMZ HI 5 than ME 4. IPA was used as a co-
surfactant together with VE T} 2GS , cight ratio of 4:1. This resulted in
the increase of permeati

‘con bination of surfactant and co-

surfactant seems to has than the use of surfactant alone.

-

4

~“ Jss, ‘
e \
;

}*J ‘,J

Table 12. In vitro Tl of /h n=3; means.d.) through

silicone membrane fro

‘.-".w‘; a.

B T T e '\_l" \
%" 1 Flux ()

m ading @/w) (nmol/cm?/h)
W IPM VE IPA

1 ME 4° ﬂ 1%8 ?ﬂ@ﬂﬁw 8%?']51628611926

2 ME 5°¢ 263 58+4.90
3 Contre

Formulation

> = chosen from ME system b

¢ = chosen from ME system c
W= water, IPM= isopropyl myristate, VE= VE TPGS, IPA= isopropyl alcohol

Control sol"= 10% propylene glycol (v/v) in water
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Figure 27. The permedtio [MZ-HE. from ME 4, ME 5 and control
solution. ME 4= IPM g0 ati 5= IPM and IPA containing

formulation.

d
nt oils used

Interestlngly, although TMZ-HE loading in ME 3 was

higher than thﬂ %A@ %ﬂ%@dﬂ&%ﬂuﬁpeweﬁmn rates (table
13). This seems that the IPM used‘in ME 4 ectlve than OA
emplo% EMQ a qeﬂ j EH]\H M i':\ silicone mﬁbrane This is also
corresponded to previous paper, OA as a solvent elicited the lowest flux of
hydrocortisone through silicone membrane when compare to other solvents including
IPM. It was suggested that OA could form hydrogen bond with silicone membrane

leading to the accumulation of the drug dissolved in this agent within the membrane

(Cross et al., 2001).
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Table 13. In vitro TMZ-HE fluxe data (Jg, nmol/cm*/h, n=3; meants.d.) through

silicone membrane from ME 3 and ME 4.

) Ingredient (w/w %) % Drug Flux (Jss)
Formulation ) g
loading (w/w)  (nmol/cm“/h)
W IPM OA VE

1 ME 3* 11 101.00+1.83
2ME 4° 8 162.86+19.26
3 Control sol" - 35.14+5.95
= chosen from ME systef
> = chosen from ME éy
W= water, IPM= isopr ; A= ole: id, VE= VE TPGS
Control sol"= 10% prop

o

8 1600

@

g 1400

8. — 1200 —a—ME 3

e B 1 5 1 4

5 O ’] ﬂ E-A—ME 4

g 3 ) L ~

= Control

© ——Lontro

£ N Y

S5q 20

§ O T 1

0 5 10
Time (h)

Figure 28. The permeation profiles of TMZ-HE from ME 3, ME 4 and control

solution. ME 3=0OA containing formulation, ME 4= IPM containing formulation
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3.5.1.4 Overall permeation profiles of TMZ-HE from

microemulsion formulations comparing to control solution

The overall permeation profiles of TMZ-HE in different

microemulsion formulations were compared to this drug in an aqueous solution (10 %

%paration through synthetic silicone

membrane (figure 29) ! ntigues @ for all ME preparations over 8

hours studies. On the co " / ea \\.0 the aqueous solution trends
to decrease after 4 ho '/ /

n t permeation profile when compared

v/v propylene glycol in water

to other microem )y u iC \ firms the effectiveness of
microemulsion to enhaft pern $ 1€ reason for this enhancement is
the high drug loading p ity ‘ﬁ ' e d" it contains a large amount of

Fre :
surfactant. The oil constituents' A-us ed in microemulsion formulations also

behave as the skin eithe ; oul. IPA which was used as co-

surfactant in ME 5 ﬁ.{,}. . 7Z-HE.

ﬂ‘lJEJ’EI‘VIEJ'ﬂﬁWEJ']ﬂ‘i
Q‘Wﬁﬂﬂﬂim AN Y
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Figure 29. The over from ME 1 to ME 5 and

control aqueous soluti 1 in water) through silicone

membrane

full-thickness hairless
mice skin

MH' &» which exhibited the ;\fatest increase in TMZ-HE

s 4 ) Aok b bt bbb s s o
RS O SIS YT g o

permeatbn of drug through viable skin was also investigated. In this study, OA and
IPM were used as the oil components in ME systems and expected to act as skin
enhancers. OA was used in ME 3 instead of IPM which was used in ME 5 were
chosen to comparatively study the permeability through hairless mice skin.
Additionally, ME 3 demonstrated the significantly (P<0.05) higher improve of TMZ-

HE permeation rate compared to other OA-containing ME.
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Similar to a previous paper (Suppasansatorn et al., 2006), TMZ-
HE was hydrolysed by an esterase enzyme within the skin generating TMZA and a
small amount of TMZ-HE was also detected (up to 10 % of total amount permeated,
data not shown). Both TMZ-HE and TMZA were detected in the receptor fluid using

their individual HPLC conditions. The concentration of each compound was

calculated in nanomole and then the t ” y)nt of drugs permeated was obtained by
e .—J

: { [ Permeability
Formulation YA, | 4 (nmo m*/h) coefficients (k)
‘ (cm/h x 107)
1 ME 3 6.88+0.54
2 Neat OAS* Ve, 80:+5.38 1.77+0.88
3ME5 T fmw 12.75+0.90
4 Neat IPM>* ll 9 tﬂ& 10.0+£1.42

Neat OA>*'= Saturated 1;Mz -HE in OA

Neat P Mﬁ@%ﬂﬂﬁ WENS
ammnim UANINYAY
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Figure 30 showed the permeation profile of total drugs through

full-thickness hairless mice skin. As can be seen in table 14, TMZ-HE fluxes and K,
values from ME formulations were significantly (p<0.05) higher than that from their
neat oil (IPM, OA) constituents using as the control preparations up to 7 folds. The

flux from neat IPM is higher than that from neat OA, therefore IPM is more effective

ygh the skin. As a consequence, ME 5

?&er permeation rate than ME 3
-J
" e ——

is may because of JPA introduced in the ME 5

than OA in increasing drug permeatio:

containing IPM in the prep
containing OA in the form
system. This compoun ation with IPM to have a
synergistic effect on resulting in the increase of

permeation rate (Bric

The data n-differe: ning calorimetry as well as wide and
small angle x-ray dlff_'ractlon S@Wj I /incorp oration into SC results in densly
packed bilayer lipids ‘#nd-a-loss-of order-of cor

v

acocyte-bonded lipids resulting in the
N_— Y

increase of drug permea@n Bi ( o@ann, 2003). However, OA

effectively disrupts intercdlﬂrﬁid matrix®when synergistically work with polyol

oo Gy . L 0 o [ 3
RIAINTUUNINYIAY
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Figure 30. The perme s permeated (combination amount of

TMZ-HE and TMZA) and IPM through hairless mice

skin.
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3.6 In vitro skin retention studies

Both TMZ-HE and TMZA were detected during the skin extraction
study. In contrast with the permeation experiment, very small amount of TMZA was
detected (data not shown). This indicated that esterase enzyme might also exist in
stratum corneum layer. The combination amount of drugs retained was calculated in

Wy,
1, n&owed the highest drugs retention

ed, table 15). Conversely, the lowest retention
ke % Ji

nanomole.

was found in neat IP ’ 06). 1 \. cmonstrated that some amount of

24(0.36%0.05 and 0.22%+0.09

for ME 3 and ME 5 respéctigely). \\

» ~ (o]
L I

(&)
I

(O8]
1

=2
) e B

Amouptyetained in SC (nmol/cnf)
D

—
|

o
|

ME 5 Neat IPM ME 3 Neat OA

Figure 31. In vitro retained amount of drugs into SC from ME 3, ME 5, and control

oil (IPM, OA) (nmol/cm?, n=4; mean+s.d.)
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ME 5 and ME 3 were likely to be able to deliver drug from the

preparations to be retained in the skin and also to release drug from the skin to the
receptor solution as their fluxes were relatively high (table 15). This result suggested
that these ME formulations can behave as both topical and transdermal skin delivery.

Although, neat OA presented the lowest TMZ-HE flux through hairless mice skin

(table 15), it can extensively deli tg accumulate in the skin. Therefore, OA

Table 15. The amo drii g8 vetained 1 an \ neated through skin over 24 h

(nmol/cm?, n=4; meanzts

% drugs

retained of

Formulations drugs retained
" that
(nmol/cm®)
permeated
ME 3 _ !_ 6.33+0.20 0.36+0.05
Neat OA e 2SS9 940,62 3.31+0.99
ME 5 ' m 15£0.22 0.22+0.09
Neat IPM 1135, 4fi119 79 2.01+0.81 0.18+0.06

ﬂ‘iJElVWIEJ'VlﬁWEJ’]ﬂ‘i
’QW']a\ﬂﬂiﬂJ UAIINYAY
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