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ABSTRACT

Preparation of Tenoxicam Salt with Ethanolamine toEnhance the

Percutaneous Absorption

Kwak Byung-Tae
Advisor: Prof. Choi Hoo-Kyun Ph.D.
College of Pharmacy,

Graduate School of Chosun University

The aim of this work was to prepare tenoxicam-ethenine salt with improved
physicochemical properties, to compare the flux denoxicam and the
tenoxicam-ethanolamine salts in various penetratiorhancers and to investigate the
drug flux from acrylic adhesive matrix with variodsnctional groups for transdermal
application. Tenoxicam-ethanolamine salt was pegpain methylene chloride and its
physicochemical properties were investigated by D& FT-IR. The broad peak of
tenoxicam around 3600-3200 ¢mwas shifted to lower wavenumber and more
broadened. The melting peak of tenoxicam, tenoxicamoethanolamine salt and
tenoxicam-diethanolamine salt appeared at 223, df® 146C, respectively. In contrast
to relatively small difference in the partition d¢ogents of tenoxicam and the

tenoxicam-ethanolamine salt, large difference inueagis solubility was observed.

_5_



Crovol® PK40 (PEG-12 palm kernel glycerides) provided tlighbst skin flux for both
compounds. The order of the enhancing effect of W#asious vehicles tested was
similar for tenoxicam and tenoxicam-ethanolamindt, savhich indicated that their
enhancing mechanism for tenoxicam and tenoxicamrellmine salt is similar.
Tenoxicam-ethanolamine salt had a higher skin flthan tenoxicam by 1.2- to
31.7-fold, depending on the vehicles used. It iggested that the vehicles with
medium HLB value, 1 double bond, and lower ethylemdde chain length have a
better ability to modify the permeability of theragum corneum and to promote the
effective penetration of tenoxicam and tenoxicahamblamine salt. To compare the
enhancing effect of various vehicles, the permaatio of  tenoxicam,
tenoxicam-monoethanolamine  salt and tenoxicam-a@nelamine salt from a
supersaturated solution of various vehicles actwagess mouse skin were investigated.
Labrafi® 2609, Crovol A40 and Crovdl PK40 provided higher skin flux in all the
compounds tested. The order of the enhancing efiedhe various vehicles tested was
similar for most of the compounds tested, exceppv@f EP40. The drug flux was
relatively higher in tenoxicam-monoethanolaminet ghbn tenoxicam-diethanolamine salt
and tenoxicam. The effect of the chemical natureaofylic adhesive matrices on the
permeation of tenoxicam across hairless mouse skas evaluated. The fluxes were
significantly lower when compared to those obtairfeoin solution formulations. The
acrylic adhesive with a hydroxyl functional groupdathat with a non-functional group
tend to provide a higher permeation rate. The acr@ddhesive with a carboxyl

functional group provided the lowest permeatiore.rat
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Dimethyl sulfoxide (DMSOgE Jt& 20| H3E SEUEIH =2 SIHLUZA
19605 CH Ol= steroid, &4, Ot XSH S& ESOIH 2 Ad=S0 CHoH
SUAEIHE HARAZLAHAR2L S =2 sZUAME O S0 LIELED TI20l
HIOIS & 4= FIJ| W20 O AE0l HstElf 2Ch  Dimethylacetamidet
dimethylformamidéc DMSO%t RAtet FZXE  JHXlD U200 griseofulvin,
hydrocortisone, lidocaine, naloxong2l I &=+ ZS&AIILt O E1WIJt DMSO

2 stetE S decylmethyl sulfoxidét
Ot 2=+8 SWE UEHH= 222 0IRH & M, 72 220 Z20t% alkyl?| <
B0 et O &s01 IAH UES € = ULH, Ol E£& FUEINIL =
8 2clstE® 422 It AN 0F &= AlAGtD RUCH Decylmethyl sulfoxide
= Holed HHEYHM=ZAM hydrocortisone, propranolol, acyclovir, enkephalin,

sodium nitotinate, thioure& 2 &+ SAAIZICILD AN UL [13,18,19].
Lt. Pyrrolidonet 1 ==Xl

Pyrrolidonedt 11 ®
M =2 x4 =S2E0s dxd 220 £2 24E UHUH=s X2 2N

AUCt.  N-methyl-2-pyrrolidone (NMPR E£7)| TS0 CHE mefenamic acill S4+5

SIAIZA 2O [20], pyrrolidone2 AL20lM betamethasone-17-benzodteS = S &
AZICH [21]. OefLt Ol24 & pyrrolidone S =M 2 018 2& |2 S =4 M

S0l O AF20 2MES JIXID ACH [22].

Xgao=2 M W=E=AHZE ARZHE JIE HEEQ 0= oleic acidl2 Al

=
propylene glycoE EXNZ ot AIEE [ el 220l st IR FUEE SItAl
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AU OIS0l CHet Xr=01 &Jotd 1 AFE0l HMiet=lof 2tCH [23]. Naloxoné&s

[[oll

& A=SZ Gt0 N Ab=2 20l &

o] TBE U KO ABS TAIGIUS
O lauric acidb JtE S0l SE UEHHE 00| BHEEQUACH [17]. KAt

alkyl £= alcohol esteEE SU=XHZ L0l HR2E 0 UCH

ro

ZAM 0l JHX =01 Ooll =

=
0, #x=&¥2=2&= pyrrolidonedt &

ro

cyclic amide2t alkyl sulfoxide2| =gfe HEHE JtAILD UCH £8F azoné€ el It

Ol HFEXLL UL

N REHEE BHEACH 0159 SBHET
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Odd JHX HHEAEMII EUASTHZ AIEE0N oL HHEES A0l L=

S0l24 HHEHdME IRE N300 SEUFTHE ALESH

W20 =2 dlol24 HHEHHIL A SCh Hloled AHHEHH

Tweer 200| hydrocortisone, lidocaifd S+ ZZAI2ICtD 2DEA2LE [28,29],
7T

Z2S0| 09 ABE ZDJF EDEACH 30 1 HOlS RE5HI| AHAS AR

n

0, IlF2 &%, 48 48 5= dlu BEot= A0l ERotth

Urea= Tweerf 200t OF&DJIXIZ AIE Z2A00 2t E+SIM2 AL &40
 —

AFBFEIN LFERGICH [31,32] 0421 JHAI 84 2Z3l urea 9

_21_



[—
-

HEAMZ A7 SJAD [33], alkyl £= arylD|JF XI&E 7

—/

=)
uin
ro
0z
HI
%
0%
M

b QUS0l L2 UCH [34].

é
H
all
[
Jhh
>
fol
=)

At. Alcohols?t glycols

H

=]

A
e

o

def JHXl alcohoD| EUEXHEZE AIEE A0 ethanoB CHst AT

FHO AFE D UCH d2iLt ethanoB AMEE [H= ethanoRl FHH SHEC

H

ot 2d d=2 2958 240l 0IX= &= DAt 0r &t Linolenyl

o
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H1

alcohol, lauryl alcohol=S

polyethylene glycol2 1= CHE 20l AIZ2E D UL
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Table I-1. Nitroglyceri®| in vivo2t in vitroOl M I £

ENU=E Hl
OI2E =S (mg/ent/day)
Delivery ) .
in vitro in vivo
System . 5 3
Hairless mouse Human Cadaver A B
Nitrodisc 0.426 - 0.714 0.67
Nitro-Dur 0.408 0.478 0.410 -
Transderm-Nitro 0.338 0.461 0.427 0.62
Deponit 0.175 - 0.318 0.45
EIE 0|23l 37CUHAM SHOIUS
HFAMNEHHME ESs, AT A EEENOZFH HAE gL
24A| 2 2&et F NRSS SHOIH FEE
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ABSTRACT

The aim of this work was to prepare tenoxicam-etl@mine salt with improved
physicochemical properties for transdermal appboat Tenoxicam-ethanolamine salt was
prepared in methylene chloride and its physicochamproperties were investigated by
DSC and FT-IR. The broad peak of tenoxicam arouf8038200 cri was shifted to
lower wavenumber and more broadened. The charstidegndothermic melting peak of
tenoxicam appeared at 23 The melting peak of tenoxicam-ethanolamine sedts
shifted to 158C. In contrast to relatively small difference inetlpartition coefficients
of tenoxicam and the tenoxicam-ethanolamine salgel difference in aqueous solubility
was observed. Crov®dl PK40 (PEG-12 palm kernel glycerides) provided thighést
skin flux for both compounds. The order of the ewntiag effect of the various
vehicles tested was similar for tenoxicam and te@w-ethanolamine salt, which
indicated that their enhancing mechanism for tertei and tenoxicam-ethanolamine
salt is similar. Tenoxicam-ethanolamine salt hadigher skin flux than tenoxicam by
1.2- to 31.7-fold, depending on the vehicles udéds suggested that the vehicles with
medium HLB value, 1 double bond, and lower ethylemdde chain length have a
better ability to modify the permeability of theratum corneum and to promote the

effective penetration of tenoxicam and tenoxicahaeblamine salt.
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H=AlZ

ro

ML A4S (Seoul, Koredfl M HES UL OIEF=O0IBI2 Sigma
Chemical (St. Louis, MO, USAJIAl & otAUCH PEG-8 glyceryl caprylate/caprate
(Labrasof)Z} PEG-8 glyceryl linoleate (Labrafil 2609), polyglyceryl-3 oleate (Plurol
oleiqué€® CC497) 12l propylene glycol caprylate/caprate (Labr&facPG)2
Gatteposse Korea (Seoul, Korélbyl HS &ALt PEG-12 palm kernel glycerides
(Crovof® PK40), PEG-20 almond glycerides (Crovoh40), PEG-60 almond glycerides
(Crovol® A70) 12/ PEG-20 evening primrose glycerides (Cr6vdtP402 Croda
(Parsippany, NJ, USB=E HM=Z 2Lt PEG sorbitan monooleate (Twé&er80),
Sorbitan monooleate (Span80), J12l1) n-octano® Junsei Chemical Co. (Tokyo,
JapanE 28 TF3t%Ct PEG sorbitan monolaurate (Tw&er20)2 Yakuri Pure

Chemicals Co. (Osaka, Japa & & oLt
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HZEE Alge AaEE47](Pyris 6 DSC, Perkin Elmer, Boston, MA, US&)

AMESIH 24 otRA2H, 0l s=25<= 10°C/min=Z ot L.

4. FT-IR =& &4

= Al ZH D H=AIZ OlEtS0t21 H 2 FT-IR ATEHZ2 FT-IR
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Table 1I-1. Apparent partition coefficient and dolity of tenoxicam or

tenoxicam-ethanolamine salt

Solubility Solubility
APC b
(mg/mily (mg/ml)
Tenoxicam 0.60 + 0.04 0.11 + 0.00 0.21 +0.02
Tenoxicam-ethanolamine salt 0.11 + 0.01 124.72 + 4.031.33 = 0.10

APC: apparent partition coefficient (n-octanol/wate
®Solubility: solubility in water.
®Solubility: solubility in n-octanol.

Each value represents the mean * standard devi&tioB).
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Table 1I-2. Comparison of the solubility of tenoaim and tenoxicam-ethanolamine salt

in various vehicles (Measured as the amount ofxieam dissolved)

Solubility (mg/ml)

Enhancer
Tenoxicam Tenoxicam-ethanolamine salt
Labrafa PG 0.40 + 0.03 0.62 + 0.05
Labrafi® 2609 0.90 + 0.06 78.88 + 0.98
Crovol® A40 1.63 + 0.04 50.71 + 0.39
Crovol® A70 6.95 + 0.17 141.41 + 2.43
Crovol® PK40 1.97 + 0.12 79.24 + 2.17
Crovol® EP40 2.60 + 0.02 32.14 + 1.52
Labrasof 3.54 + 0.11 147.79 + 3.44
Tweer? 20 6.09 + 0.06 175.49 + 7.12
Tweer? 80 4.90 + 0.07 176.77 + 11.58
Sparf 80 1.00 + 0.06 11.51 + 1.07
Plurol oleiqué cc497 0.57 £ 0.03 17.22 + 1.51
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Table 1I-3. Effect of various vehicles on the peatien of tenoxicam and

tenoxicam-ethanolamine salt

Flux (pg/cni/h)

Enhancer
Tenoxicam Tenoxicam-ethanolamine salt
Labrafa PG 0.42 + 0.05 1.45 + 0.51
Labrafi® 2609 1.71 + 0.68 31.72 + 4.96
Crovol® A40 0.72 + 0.15 18.62 + 3.70
Crovol® A70 0.03 = 0.00 0.95 + 0.13
Crovol® PK40 3.76 + 0.43 98.60 + 46.75
Crovol® EP40 0.34 + 0.04 0.42 + 0.03
Labrasof 0.07 + 0.03 0.33 + 0.11
Tweer? 20 0.07 + 0.09 0.72 + 0.02
Tweerf 80 0.16 + 0.07 1.07 + 0.18
Sparf 80 1.71 + 0.91 6.54 + 2.71
Plurol oleiqué cc497 1.25 + 0.16 7.52 + 1,98
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Table 1l-4. Physicochemical information of the vabs used in this study

. _ . EO” chain Number of )
Vehicle Hydrophobic portion HLB
length double bond
Palmitate (Gs)
Crovol® PK40 Stearate () 12 1 (cis) 10
Linoleate (Gg)
Linoleate (Gg) _
Crovol® EP40 _ S 20 2 (cis), 3 10
y-Linolenic acid (Gg)
Crovol® A40 Oleate (@) 20 1 (cis) 10
Crovol® A70 Oleate (@) 60 1 (cis) 15
Labarfil® 2609 Linoleate (G) 8 2 (cis) 6
Caprylate
Labrasof prytate (G 8 saturated 14
Caprate (@)
Sparf 80 Oleate (@) — 1 (cis) 4.3
Tweerf 80 Oleate (@) 20 1 (cis) 15
Tweerf 20 Laurate (@) 20 1 (cis) 16.7
Plurol oleiqué cc497 Oleate (G) - 1 (cis) 6
Caprylate
Labrafal PG prytate (G — — 2

Caprate (@)

& ethylene oxide

® hydrophile-lipophile balance
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Figure 1I-1. The structures of tenoxicam (a) andoxicam (b).
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Tenoxicam

------- Tenoxicam-ethanolamine salt

Transmittance

4000 3500 3000 2500 2000 1500

Wavenumber (cm‘l)

Figure 11-2. FT-IR spectra of tenoxicam and tenearicethanolamine salt.

_46_



Tenoxicam
------- Tenoxicam-ethanolamine salt
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Figure 11-3. DSC thermograms of tenoxicam and térem-ethanolamine salt.
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ABSTRACT

The aim of this work was to compare the flux of addcam and the
tenoxicam-ethanolamine salts in various penetratgrhancers and to investigate the
drug flux from acrylic adhesive matrix with variousfunctional groups.
Tenoxicam-ethanolamine salts was prepared in mateyl chloride and its
physicochemical properties were investigated by D$@e melting peak of tenoxicam,
tenoxicam-monoethanolamine salt and tenoxicam-gieilamine salt appeared at 223,
159 and 14%C, respectively. The melting peak of tenoxicam-etiiamine salts were
lowered by salt formation with ethanolamines. Tompare the enhancing effect of
various vehicles, the permeations of tenoxicamooxmam-monoethanolamine salt and
tenoxicam-diethanolamine salt from a supersaturaedtion of various vehicles across
hairless mouse skin were investigated. Labita#i609, Crovol A40 and Crovdl PK40
provided higher skin flux in all the compounds ¢gst The order of the enhancing
effect of the various vehicles tested was similar most of the compounds tested,
except  Crovd! EP40. The drug flux  was relatively higher in
tenoxicam-monoethanolamine salt than tenoxicanhdielamine salt and tenoxicam.
The effect of the chemical nature of acrylic adhesmatrices on the permeation of
tenoxicam across hairless mouse skin was evaluaié@. fluxes were significantly
lower when compared to those obtained from solutifmmulations. The acrylic
adhesive with a hydroxyl functional group and tlath a non-functional group tend to
provide a higher permeation rate. The acrylic adleswith a carboxyl functional

group provided the lowest permeation rate.

_49_



=
—

M1Z M

ANZS [1] 3+ F0WIt Ot

=
=

A= H

ol

ioll

ol

0

o
i

-

nl

0
=

ok

-

nf

[}
]

ol
I+

=

-

ol
0
0%

3+
Tl

il

il

i

9]

IO
il
0

J
5

il
K

ol
U

IH
0

01

1o

o
ol
or
=

P

<

B
0
I
nr

i

=X

Olcd &t

=
S

0l

=

=

SN

=W

I

—

S

CH

H= &LHIOff

SOt Jl H20lct) 216t UL [4-5]. Ol0 = HX

Ol2FH H=AZL GE=0t21E0] H

s

0

APNIIE=Y

=
—/

oSS0

ol

ur

ol

PEG-8 glyceryl linoleate, PEG-12 palm kernel glydesi)t PEG-20 almond glycerides

oD
=

T

g

o0
1o.

=1
~J

Rr

EOlel DAl OlEt=S Ot S0A Ecll

o
—

2
(=]

I = Al
FALCH [3]. &

—

zwitterion®

Cheonglt Choi=

HA E01XI=

0|

et OHE & ol dl

=
CES)

I

ol
a0

0
70
750

=)

al

o

—_

wl

_50_

A LK

=0l <2



0

i

_51_



H=AlZ

ro

ML A4S (Seoul, Koredfl M HES UL OIEF=O0IBI2 Sigma
Chemical (St. Louis, MO, USAJIAl & otAUCH PEG-8 glyceryl caprylate/caprate
(Labrasof)Z} PEG-8 glyceryl linoleate (Labrafil 2609), polyglyceryl-3 oleate (Plurol
oleiqué€® CC497) 12l propylene glycol caprylate/caprate (Labr&facPG)2
Gatteposse Korea (Seoul, Korélbyl HS &ALt PEG-12 palm kernel glycerides
(Crovof® PK40), PEG-20 almond glycerides (Crovoh40), PEG-60 almond glycerides
(Crovol® A70) 12/ PEG-20 evening primrose glycerides (Cr6vdtP402 Croda
(Parsippany, NJ, USB=E HM=Z 2Lt PEG sorbitan monooleate (Twé&er80),
Sorbitan monooleate (Span80), J12l1) n-octano® Junsei Chemical Co. (Tokyo,
JapanE 28 TF3t%Ct PEG sorbitan monolaurate (Tw&er20)2 Yakuri Pure
Chemicals Co. (Osaka, Japahy £ gotALt Ot H ZEEHMEQ! Duro-Tak
87-9301, Duro-Tak 87-25161c2|1] Duro-Tak 87-267& WNational Starch & Chemical

Co. (Bridgewater, NJ, USA 2Ef H= UL

2. H=AIZ GIE=0t21E 2l Hx

= COE=S0elS EItotRl. E&8E S Mot n-hexan=2 = Xt AIH
st =, & st SetMol DXl AMEHe AAE=E2 ASAEHNM 3AI2E St A
TAA H=AMZ 2L0ES0I2EL H=sAZ CINESORIES Mokt
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3. H=AIZ GIS=0t2E S IHF KX

MZE H=sAZ 2L0E2 0l2E 50 mg2 7|10 €10 dimethylformamide
1 miol EoHAIZCH 0ot SUELIHE EIotW 42 =, OI2EH EFHNE
=) magnetic ba& 20 2AI2F St WBISIALCE Casting knif&€ 0| &3t release
liner {10 =25t &=20A 202, 80°C LE20M 302 24X & = 110°C L=0
AXOIAULE A& formulationdl backing membrarg = o}

N 158 HEH2

o=F
o MFZE MZotAL

MZEE AMzes AMXZEE4I|(Pyris 6 DSC, Perkin Elmer, Boston, MA, US&)

=
00
Qﬂ
2
HI
x
ol

FLM, Ol s2x55= 10°C/minR 2 ot ALt

H=AZD H=sAZ ESOIIESS IR SLeEsS =Zot)| ol el
A ZJ|(SPD-10A), pump (LC-10AD), automatic injector (SIDA)E & E HPLC Al
Al (Shimadzu Scientific Instruments, Tokyo, Jaf@n\IEoIRUCH Ol SAIE2
374 nnD|A2H, & ZE (Gemini 5 um C18, 4.6*150 mm, Phenomenex, CA,
USA)Z AE0IRUC. Z8 =2&%&= thin foil temperature controller (CH 1445,

SYSTEC, MN, USAE AtE0t0 30°CE2 = AICtRAULE 0lS&E methanol/38 mM

rr

phosphoric acid+~=Z9% (55:45) St S E MESIU2H 01542 0lsE== 1

mi/min@ 2 o} Ct.
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6. In Vitro 21| &4 AlAHE

G2l LRFUEE FFHob)| <oHAM, CME HSEIZ (IPC-24, Ismatec,

Switzerland), &2 =& J| (Retriever IV, ISCO, NE),=&t4& ==X (Jeio-Tech, Korea),
2|3 flow-through diffusion ce2 &E flow-through &4 HXIE AESHALH
IIZEL

Flow-through diffusion ceft ASEHIE S receiver celB HH 2& =&

Z receiver cell medig AEECZ MLE = UAEE NOL UL Receiver cell

/] T —

S = receiver celp| HIZZE jackeE Soff LH=2Z2 22 = AH 37°CE &

o

XI5ISCt Receiver celt] &PRZS| HHA2 2 cnfRid, & L£I= 55 mOIALCH
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Table 1ll-1. Effect of various vehicles on the peation of tenoxicam,

tenoxicam-monoethanolamine salt and tenoxicam-gietlamine salt. (n=3)

Flux (ng/cni/h)

Enhancer . Tenoxicam-monoethanolamir Tenoxicam-diethanolamin
Tenoxicam salt salt

Labrafi® 2609 ~ 1.71 + 0.68 31.72+ 4.96 437+ 2.16
Crovol® A40 0.72 + 0.15 18.62+ 3.70 10.52+ 1.14
Crovof® PK40  3.76 + 0.43 98.60+ 46.75 6.33+ 2.48
Spar’ 80 1.71 + 0.91 6.54+ 2.71 0.60+ 0.09
Plurol oleiquécc497 1.25 + 0.16 7.52+ 1.98 1.08+ 0.36
Labrafa® PG 0.42 + 0.05 1.45+ 0.51 0.35+ 0.01
Tweer? 80 0.16 + 0.07 1.07+ 0.18 0.60+ 0.25
Labrasof 0.07 + 0.03 0.33+ 0.11 0.37+ 0.15
Crovol® A70 0.03 + 0.00 0.95+ 0.13 0.42+ 0.01
Crovol® EP40  0.34 + 0.04 0.42+ 0.03 5.74+ 0.38
Tweer® 20 0.07 + 0.09 0.72+ 0.02 0.34+ 0.07
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Table IlI-2. Effect of various functional groups afcrylic adhesive on the permeation

of tenoxicam in various vehicles. (n=3)

Flux (pg/cni/h)

Non-functional group Hydroxyl functional group CarlybXunctional group

Labrafi® 2609  1.77 + 0.60 1.74+ 0.17 0.81+ 0.23
Crovol® A40 1.55 + 0.20 1.35+ 0.20 0.91+ 0.39
Crovol® PK40 1.75 + 0.16 1.46+ 0.35 0.99+ 0.39
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tenoxicam
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E tenoxicam-monoethanolamine salt

I

QO
I

tenoxicam-diethanolamine salt
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Temperature (°C)

Figure IlI-1. DSC thermograms of tenoxicam, tenariemonoethanolamine salt and

tenoxicam-diethanolamine salt.
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350

—&— tenoxicam-monoethanolamine 50mg
300 {4 —O— tenoxicam-monoethanolamine 100mg
—w¥— tenoxicam-monoethanolamine 150mg

Amount permeated (ug/2cm?)

0 T T T
0 10 20 30
Time (h)
Figure 1lI-2. Effect of the drug concentration onhet permeation of

tenoxicam-monoethanolamine salt across hairlesssen@kin from the acrylic adhesive

with non-functional group. (n=3)
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600

—&— tenoxicam-monoethanolamine enhancer 15%
—O— tenoxicam-monoethanolamine enhancer 19%
—w— tenoxicam-monoethanolamine enhancer 25%

500 -

Amount permeated (ug/2cm?)

Time (h)

Figure 1I-3. Effect of the enhancer concentratioon the permeation of

tenoxicam-monoethanolamine salt across hairlesssen@kin from the acrylic adhesive

with non-functional group. (n=3)
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