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Abstract

Formulation and Evaluation of Ketorolac Transder8ydtems

Cho Young-ah
Advisor: Prof. Choi Jun-shik Ph.D.
College of Pharmacy,

Graduate School of Chosun University

The effects of vehicles and penetration enhanaeti@in vitro permeation of
ketorolac tromethamine (KT) across excised hairlessuse skins were
investigated. By this results, effects of pressersitive adhesives and vehicles
on thein vitro permeation of ketorolac and vivo pharmacokinetics were studied.

Among pure vehicles examined, propylene glycol ntam@te (PGML)
showed the highest permeation flux, which was 94.87.3 pg/crfthr. Even
though propylene glycol monocaprylate (PGMC) alatid not show high
permeation rate, the skin permeability of KT wasrkedly increased by the
addition of diethylene glycol monoethyl ether (DGNEhe enhancement factors
were 19.0 and 17.1 at 20 and 40 % of DGME, respalgti When DGME was
added to PGML, the permeation fluxes were almost times at 20-60% of
DGME compared to PGML alone. In the co-solvent eystconsisting of
propylene glycol (PG)-oleyl alcohol, the permeatiate increased as the ratio of
PG increased. In the study to investigate the effédrug concentration on the
permeation rate of KT, the permeation rates in@@ass the drug concentration
increased in all vehicles used, and the dramaticease in permeation rate was
obtained when the drug concentration was highen flt& solubility. For the

effects of fatty acids on the permeation of KT gfifatty acids were added to PG



at the concentrations of 1, 3, 5 and 10%-caprytid,acapric acid, lauric acid,
oleic acid, and linoleic acid. The enhancing eHeat fatty acids were different
depending on the concentration as well as the afofatty acids. The highest
enhancing effect was attained with 10% caprylidaciPG; the permeation flux
was 113.6 + 17.5 pg/dhr. The lag time of KT was reduced as the conegiom
of fatty acids increased except for caprylic acid.

Duro-Tak 87-2198 showed the highesin vitro permeation profiles, and
propylene glycol monolaurate-diethylene glycol mety! ether (DGME) (60 :
40, viv) and propylene glycol monocaprylate-DGMB (640, v/v) revealed the
most favorablen vitro andin vivo results. The decreaseddecand prolonged fax
and half-life were obtained with the ketorolac sdermal systems compared to
oral administration, indicating that the ketorotaansdermal systems may have
prolonged effect with reduced toxic event. Thereswaa excellent relationship

betweerin vitro permeation flux anch vivo AUC,., found.

Key Words: Transdermal delivery, Ketorolac tromethamine, \¢hds,
Penetration enhancers, Ketorolac Transdermal Sgstem

Pharmacokinetics, Pressure-sensitive Adhesives.
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1. Introduction

Ketorolac tromethamine[(+/-)-5(benzoyl)-2,3-dihyekdN-pyrrolizine-1-
arboxylic acid tris hydroxymethylaminomethane is rensteroidal anti-
inflammatory drug (NSAID) with potent analgesic anuoderate anti-
inflammatory activities by inhibiting prostaglandigynthesis (Buckley and
Brogden,1990;Roo0ks et al.,1985). It is administeasdthe tromethamine salt
orally, intramuscularly, intravenously, and as pi¢al ophthalmic solution.

ketorolac has been reported to have a similaraffico narcotic analgesics.
Unlike narcotic analgesics, ketorolac does not ralt@stric motility or
hemodynamic variables or adversely affect respinatnor it is associated with
adverse CNS effects abuse or addiction potent@blpms. ; therefore ketorolac
is a relatively more favorable therapeutic ageotglie management of moderate
to severe pain (Tiwari,2003).

Clinical studies indicate single-dose efficacy ¢eeahan that of morphine,
pethidine (meperidine) and pentazocine in moddmsevere postoperative pain,
with some evidence of a more favourable adverseefirofile than morphine or
pethidine.

In single-dose studies ketorolac has also compfaedurably with aspirin,
paracetamol (acetaminophen) and a few other nonidéd anti-inflammatory
drugs. Additional multiple-dose studies are reqiir® evaluate fully the
potential of ketorolac in the management of chropéin states where it has
shown superior efficacy to aspirin (Buckley and ggten,1990).

ketorolac will be a useful alternative to opioideats in postsurgical pain. It
may well also find use in acute musculoskeletahpahere it appears at least as
effective as other agents with which it has beempared. From the limited
clinical data available, ketorolac also seems psomgiin the treatment of ocular

inflammatory conditions.



A single 10 mg tablet given orally to human volrte following surgery
provided pain relief equivalent to that provided by mg of morphine given
intramuscularly (Rooks et al., 1985).

Ketorolac is widely used for various pain reliefBhe efficacy of local
anaesthetic infiltration and/or non-steroidal antiammatory drugs for post-
operative analgesia following laparoscopic-assistegginal hysterectomy
(LAVH) was investigated in 83 patients, Pre-incigbtreatment with ketorolac
IM and local infiltration with bupivacaine reducqmbst-operative pain after
LAVH (Kim et al., 2005).

Ketorolac tromethamine is a well-tolerated, effeetimedication in the
treatment of acute biliary colic. It showed simikfficacy to meperidine with a
decreased number of adverse effects (Hendersdn 2002).

Addition of morphine and ketolorac to ropivacaimera-articularly enhances
analgesic efficacy of local anesthesia, reducestdiszharge analgesic
consumption, and improves activities of daily liginActivities of daily living
without increasing side effects after ambulatorythriscopic knee
surgery.Ketorolac can be used to treat pain afingenital heart surgery without
an increased risk of bleeding complications in mtdaand children (Gupta et
al.,2004).

Transrectal ultrasound with prostate biopsies ispanful procedure.
Intravenous Ketorolac significantly reduces thenpiavolved in the procedure
and allows patients to tolerate it better for a enoomplete procedure (Mireku,
2004).

Also ketorolac can substantially reduce pain dudhgst tube removal without
causing adverse sedative effects (Puntillo and 2@g4).

Ketorolac 0.4% ophthalmic solution is safe and @ffe in reducing ocular
pain when used 4 times daily for up to 4 days ppstrative photorefractive
keratectomy patients (Solomon et al., 2004), arid pa discomfort associated

with cataract surgery reduced in pain associatdfl wataract surgery (Price,



2004). Study to evaluate the analgesic efficacykeforolac tromethamine
ophthalmic solution 0.5% after laser in situ kenateusis (LASIK) supports the
use of topical ketorolac for control of early pgsteative pain following LASIK,
significantly increasing patient comfort and redwgciusage of other pain
medications (Price and Jr, 2002).

Pain relief with ketorolac versus morphine aftergsuly and to determine
whether the opioid-sparing effect of an NSAID reelsithe magnitude of opioid
side effects. When five hundred patients receiventpinine and 503 received
ketorolac. Fifty percent of patients in the morghigroup achieved pain relief,
compared with 31% in the ketorolac group. The latm-morphine group
required less morphine and had a lower incidencesidé effects. Adding
NSAIDs such ketolorac to the opioid treatment regumorphine requirements
and opioid-related side effects in the early postapve period (Cepeda et.,2005).
Ketorolac 30 mg intravenously provides similar geaic effects as Pethidine
with much less incidence of nausea and drowsindaisas et al.,2004).

The postoperative analgesic effect of intra-articlketorolac, morphine, and
bupivacaine during arthroscopic outpatient partiehiscectomy. Study conclude
that 60 mg intra-articular ketorolac provides betiealgesic effect than 10 cc
intra-articular bupivacaine 0.25% or 1 mg intrdeatar morphine.(Papacci et
al.,2004). Ketorolac tromethamine is efficaciousr@éaucing postoperative pain
and narcotics usage after cesarean section (Logtdal,2003). IV ketorolac, as
an adjunct to PCEA (patient-controlled epidural lgesia) after cesarean
delivery, produced a meperidine dose-sparing efféepproximately 30%(Pavy
et al.,2001).

There was a trend that the ketorolac and bupivagad@tients spent less time in
the recovery room and used fewer analgesics pastiyely than the other
patients. There were no hematomas requiring retiperand no complications.
Locally administered intraoperative ketorolac amgbilbacaine with epinephrine

significantly reduced pain in the postoperativeige(Mahabir et al.,2004)



Colorectal surgery patients in the intravenous P@érphine plus ketorolac
group received 29% less morphine than patients him intravenous PCA
morphine group with comparable pain scores. That tiowel movement (1.5
[0.7-1.9] vs. 1.7 [1.0-2.8] days, P < 0.05) andfiret ambulation (2.2 +/- 1.0 vs.
2.8 +/- 1.2 days, P < 0.05) were significantly iegairin the morphin pius ketorolac
group than in the morphine group.

Study was to compare the analgesic efficacy ahglesdose of preoperative
intravenous tramadol versus ketorolac in prevenpiaig after third molar surgery.
Sixty-four patients.Preoperative intravenous kdamrd30 mg is more effective
than tramadol 50 mg in the prevention of postopezatlental pain (Ong and
Tan,2004).

The combination of ketorolac plus tramadol in treame patient-controlled
analgesia (PCA) device was an effective and safatrivent for postoperative
analgesia in abdominal surgery (Lepri et al.,20083lofenac and ketorolac after
refractive surgery were no statistical difference the effectiveness of the
medications on pain relief (Narvaez et al.,2004)

A study to compare the efficacy in migraine hehdaof nasal sumatriptan
and intravenous ketorolac showed that both sunatripnd ketorolac effectively
reduced the pain associated with acute migrainddutee, but that intravenous
ketorolac produced a greater reduction in pain tk#h nasal sumatriptan
(Meredith et al,.2003).

The efficacy of rofecoxib and ketorolac in conlirgj postoperative pain after
outpatient surgery did not differ. Rofecoxib anddkelac are equally effective in
controlling postoperative outpatient orthopedicggtal pain(Kaeding et al.,2004).

As a results,ketorolac is widely used various paalgesics in effects and
safety.Aslo oral bioavailability of ketorolac waeported to be 90% with a very
low first pass metabolism. But its short biologdibalf-life (4-6 h) and many
adverse effects, such as upper abdominal pain asttogintestinal ulceration

restrict its oral use (Buckley and Brogden, 1996inRart, 2000).



To avoid invasive drug therapy such as injectiond o eliminate frequent
dosing regimen with oral administration, a transeirdrug delivery system has
been paid attention as an alternative dosage floraddition to the non-invasive
therapy and maintaining the drug blood levels foeatended period of time, the
transdermal delivery system has several advantagesavoids first-pass
metabolism; it is easy to discontinue the admiat&in; it reduces side effects.
Despite these advantages, only a limited humbeairofs can be administered
percutaneously due to low skin permeability of ndrsigs through the skin. The
stratum corneum was recognized as an excellenebagainst skin penetration.
To overcome this problem, vehicles, penetratioraaobrs and electrotransport-
facilitated transdermal system have been attemfuiedevelop a transdermal
delivery system of ketorolac (Tiwari and Udupa,2®a8 and
Manoukian,1995;Roy et al.,1995). However, the numlme kinds of enhancers
or vehicles used were very limited.

We investigated the effects of various pure sdblerco-solvents and
penetration enhancers on the in vitro permeatiorkaibrolac from solution
formulation across hairless mouse skin to exantieeféasibility of developing
ketorolac transdermal system.

We performed a study using solution formulationgxamine the feasibility of
ketorolac transdermal system. The binary co-solveydgtem composed of
propylene glycol monolaurate (PGML)-diethylene glycmonoethyl ether
(DGME) or propylene glycol monocaprylate (PGMC)-DEMt the ratio of 60 :
40 showed high permeation rate. Also, saturatdy &fids such as caprylic acid,
capric acid or lauric acid resulted in high perri@aflux when they were added
to propylene glycol (PG).

Several vehicles were selected based on the reBolts the study using
solution formulations, and then pressure-sensitidhesive (PSA) ketorolac
transdermal systems were formulated. We investigtiie effects of PSAs and

vehicles on the permeation of ketorolac from foraedl ketorolac transdermal



systems using a flow-through diffusion cell systemlso, the in vivo
pharmacokinetic study was carried out using rasetan the in vitro permeation

results.
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2. Experimental

2.1. Materials

Ketorolac tromethamine (KT), , ketoprofen (interrethndard, I1S), oleyl
alcohol (OAl), caprylic acid, capric acid, lauricid, oleic acid, and linoleic acid
were purchased from Sigma Chemical Co. (St. LoM§), USA). Propylene
glycol laurate (PGL, Lauroglyc®l FCC), propylene glycol monocaprylate
(PGMC, Caprydt 90), propylene glycol monolaurate (PGML, Lauroglfc90),
caprylocaproyl macrogol-6 glycerides (LBS, Labr&yololeoyl macrogol-6
glycerides (1944, Labrafil(LBF) M 1944 CS), linoleoyl macrogol-6 glycerides
(2125, LBF M 2125 CS), polyethylene glycol-8 glygelinoleate (2609, LBF
WL 2609 BS) and diethylene glycol monoethyl ethBGME, Transcutdl P)
(Gattefossé, Gennevilliers Cedex, France) were .uBedpylene glycol (PG),
isopropyl myristate (IPM) and ethanol were of atiabl grade. Acetonitrile and
methanol used were of HPLC grade. Acrylic PSA sohg in organic solvents
were obtained from National Starch and Chemical gamg (Bridgewater, NJ,

USA). Other reagents were of analytical grade.

2.2. Analysis

Samples from solubility and permeation studies waralyzed by high-
performance liquid chromatography (HPLC) system irfaldzu Scientific
Instruments, Tokyo, Japan), consisting of a pum@-{0AD), an automatic
injector (SIL-10A) and a UV detector (SPD-10A) aeB00 nm. An ODS column
(nBondapak C18, 3.9 x 300 mm, 10 um, Waters, Milfdidy, USA) was used.
The mobile phase was composed of acetonitrile, ameth water and
triethylamine (45 : 10 : 45 : 0.1, v/v), whose pHaswvadjusted to 3.2 by
phosphoric acid, and delivered at a flow rate 6fril/min. The injection volume

was 50ul. A calibration curve was constructed based ork@eaa measurements.

11



2.3. Solubility determination

An excess amount of KT was added to the various palvents or co-solvents,
and shaken at 37 °C for more than 48 h. The solitweere then centrifuged at
7,500 rpm for 5 min, and the supernatant was adday¢iPLC after appropriate
dilution.

2.4. Preparation of donor solutions

To determine the effects of various vehicles angbeners on the permeation
of KT, appropriate amounts of KT were dissolvegure solvent or co-solvents.
For the preparation of saturated solutions, KT ensin was shaken at 37 °C for

24 h before permeation experiments.

2.5. Procedurefor skin permeation in vitro

Male hairless mice aged 6-8 weeks were used. A#erificing with ether, the
skin of each hairless mouse was excised, and thems mounted on a flow-
through diffusion cell system consisting of a muhiannel peristaltic pump
(205S, Watson Marlow, North Wilminton, MA, USA), fraction collector
(Retriever 1V, ISCO, Lincoln, NE, USA), a circulag water bath (RB-10, Jeo
Tech, Kimpo, Korea), and a flow-through diffusioslls were used. The surface
area of the receiver cell opening was Z,camd the cell volume was 5.5 ml. The
receiver cells were filled with pH 7.4 isotonic @iphate buffer solution, and the
media were stirred by a Teflon-coated magnetictbakeep them well mixed.
Donor compartment was filled with 300 ul of KT stdim or suspension in
various pure solvents or co-solvents.The skin patime studies were performed
at 37°C.

2.6. Data Analysis
The permeation data were analyzed by the methoelagsd for flow-through
diffusion cell system (7). The steady-state fluy),(Jag time (T), diffusion

12



coefficient (D), skin / vehicle partition coefficie (K), and apparent permeation

coefficient (R,p are defined by equations 1-3 (8).

J = (dQ/dt)s - 1/A = DKC/h (1)
D = K/6T, )
Papp = dQ/dt - 1/A - 1/C (3)

A: the effective diffusion area

h: the thickness of skin

C: the constant concentration of the donor solution
(dQ/dt)s the steady-state slope

2.7. Preparation of Pressure-sensitive Transder mal Systems
Acrylic adhesive solutions were prepared by mixihgmL of ketorolac

solutions in various vehicles with 3 g of acrylagion in mixed solvents (Table
3). PSA transdermal systems were prepared by gatim above solutions on
polyester release liner coated with silicone usingasting knife; the thickness
spread was 300 um. They were set at room temper&iurl0 min to evaporate
the solvents, and then were oven-dried at 90 °Gibout 20 min to remove the

residual organic solvents. The dried film was tfamed onto a backing film.

2.8. Stability of Pressure-sensitive Adhesive Transdermal Systems

The prepared PSA transdermal systems were storedoat temperature.
Formulated ketorolac transdermal systems were\ctiid size of 2 cm x 2.5 cm,
and dissolved in 50 mL of 50% methanol immediasdtegr preparation and at 15

and 30 days by sonicating for 2 h. The solutionsevessayed by HPLC.

2.9. Procedurefor In Vitro Skin Permeation

Male hairless mice aged 6-8 weeks were used. A#erificing with ether, the

13



skin of each hairless mouse was excised, and thems mounted on a flow-
through diffusion cell system consisting of a muhiannel peristaltic pump
(205S, Watson Marlow, North Wilminton, MA, USA), fraction collector
(Retriever 1V, ISCO, Lincoln, NE, USA), a circulaf water bath (RB-10, Jeo
Tech, Kimpo, Korea), and a flow-through diffusioglls. The surface area of the
receiver cell opening was 2 &nmand the cell volume was 5.5 mL. The receiver
cells were filled with pH 7.4 isotonic phosphatdfeu solution, and the media
were stirred by a Teflon-coated magnetic bar tgpkbem well mixed. The skin

permeation studies were performed at 37 °C.

2.10. Phar macokinetic Studies of Ketorolac Transdermal Systems

Male Sprague-Dawley rats weighing 280-320 g wereiobd from Samtako
Bio Co., Ltd (Osan, Korea). The rats were anesthdtivith 1 mL/kg of ketamine
hydrochloride (50 mg/mL, Yuhan Corp., Seoul, Koreayd the right femoral
artery was cannulated using a polyethylene tubé&s8 (Gim i.d. x 0.96 mm o.d.;
Naume Corp., Tokyo, Japan). After surgery, eachhahwas housed individually
in cage. The animals fasted overnight until the ehthe experiment but were
allowed water ad libitum. Rats were then dividetb ifive groups, comprising 6
rats each. Group 1-5 were administered by orahsttarmal delivery system
(TDS) 1, 2, 3 and 4, respectively. The oral doses 2487 ng/kg, and the
compositions of TDS 1, 2, 3 and 4 were FN 8, FNAN,16 and 24 in Table 1,
respectively. For the administration of TDS, ther lud left side between back
and abdomen was shaved carefully so that the stratuneum remained intact.
The size of TDS applied to the shaved site of ras \® cm x 2.5 cm. Serum
samples (0.1 mL) were collected before and 0.Z5,1.2, 4, 6, 8, 12, and 24 h
after drug administration and analyzed by HPLC. pharmacokinetic studies of
ketorolac transdermal delivery systems were carmed according to the
Principles for Biomedical Research Involving Anisaleveloped by the Council

for International Organizations of Medical Scieneasl had been approved by

14



the Ethical Review Committee at the Ewha Womans/élsity.

2.11. Procedurefor Serum Sample Preparation

Serum sample (0.1 mL) was mixed with 50 pL of trarking IS solution (30
pg/mL) and acidified with 30 pL of 1N hydrochloracid. The mixture was
added with 6 mL oh-hexane : ether (70 : 30, v/v), vortex-mixed forrith, and
centrifuged for 5 min. Five milliliter of organichpse was evaporated and the
residue was reconstituted with 120 pyL of mobile sghaAnd then 40 pL was
injected directly into the HPLC system.

2.12. Statistical Analysis

The pharmacokinetic variables from the five growyeye compared with a
one-way ANOVA, which followed by a posterior tegfimith an unpaired-test
using the Bonferroni correction. R-value of less than 0.05 was considered

significant.

15



3. Results and discussion

3.1. Effect of Vehicles

The permeation parameters of KT from different gkds across the excised
hairless mouse skin are listed in Table 1. Thedststate flux of KT from water
was found to be 3.25 + 1.14 pgfttm Among various types of vehicles, ester-
type vehicles showed relatively high enhancing atffe Especially, PGML
resulted in the highest enhancing effect when figedg concentration of 5
mg/ml was used; its enhancement factors were 293ardl compared to water
and PGL, respectively. From equation 1, the pernmedtux is determined by
diffusivity, partitioning and solubility. The highermeation rate of PGML was
attributed to the relatively high values of theethrdeterminants. Compared to
PGML, PGMC showed lower diffusivity and partitioginlPM was not able to
exert very high enhancing effect due to the exthgrimav solubility in spite of
very high partitioning. As depicted in Fig 1, PGMhowed different permeation
profile compared to other ester-type vehicles.nltidlly provided very high
permeation rate followed by a gradual decreaseelatively short lag time was
obtained with PGML by the high diffusivity. The éatdecrease in the permeation
rate was thought to be due to the rapid drop i dncentration in the donor
compartment.

Among alcohol-type vehicles, OAl showed high pertisearate possibly due
to the high partitioning. Even though IPA permeatftux slightly increased as
the drug concentration increased from 5 to 30 pginticreased dramatically as
the drug concentration increased from 30 to 50 jugsndescribed in Table 2.
This was attributed to the maximized thermodynaaaitivity at the concentration
of which the drug was above its solubility. Thiend was observed in most
vehicles. Four pure vehicles, DGME, PGMC, PGML dRd\ and two co-
solvents, DGME-PGMC (4 : 6) and DGME-PGML (4 : 6gn employed to

investigate the effect of drug concentration on glhemeation of KT. As shown
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in Table 2, permeation flux increased as the drugcentration increased; the
marked increase of permeation flux was observednvthe drug concentration
increased above the drug solubility. However pebitigéa coefficient decreased
as the drug concentration increased with excemtid®GMC and PGML.

It has been suggested that vehicles may act asepdon enhancers by
increasing the thermodynamic activity of the dramnd the thermodynamic
activity and drug solubility in the vehicle has arverse relationship in the
absence of solvent-induced skin damage (Twist aatd,Z990). As depicted in
Fig 2, the relationship was not found in this stuihdicating that permeation
profiles are caused by the change in the skindraprioperty with time as well as
the change in driving force. Thus, to achieve hjgnetration rate, vehicles
which can greatly change skin barrier property bade appropriate solubility to
solubilze the desired amount of drug with minimiginhe decrease of
thermodynamic activity, should be employed. To ¢®askin barrier property,
several mechanisms have been suggested: the muwdtiskin resistance as a
permeability barrier by disruption of tightly packeipid regions of stratum
corneum (Barry,1987); increased skin/vehicle parting of the drug (Green et
al.,1988); increased solvent transport into or s&the skin (Yamada et al.,1987).

As DGME has been reported to have an effect on gargtration by easing
the partition by increasing the solubility of thengpound in the skin (Cho and
Choi,1998), we added it to PGMC or PGML at the emtiations of 20, 40, 60
and 80%. Fig 3 reveals the relationship between EGdbncentration and
permeation flux. The skin permeability of KT fromGRIC was markedly
increased by the addition of DGME; the enhancerfastbrs were 19.0 and 17.1
at 20 and 40 % of DGME, respectively. When DGME wedded to PGML, the
permeation fluxes were almost two times at 20-60RADGME compared to
PGML alone. The solubility of KT in the binary cotgent system of DGME-
PGMC and DGME-PGML increased as the concentratidd@ME increased as
follows: 0% DGME (41.0 = 3.37 and 15.2 + 1.61 mg/nd0% DGME (51.3 *
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5.24 and 50.4 £+ 4.43 mg/ml), 40% DGME (69.4 + 2at@ 85.6 + 3.20 mg/ml),
60% DGME (77.3 £ 11.9 and 181.5 + 19.3 mg/ml), 8D®ME (170.6 + 17.7
and 209.1 + 7.07 mg/ml) and 100% DGME (211.0 + Tagdml).

In the co-solvent system consisting of PG-OAI, fleemeation rate markedly
increased compared to PG alone, while the co-sblstem rarely affected the
permeation flux compared to OAIl alone. The perneeafiux (ng/cni’h) and
solubility (mg/ml) of KT in PG-OAI co-solvent at ¢hratios of 0-100, 20-80, 40-
60, 60-40, 80-20 and 100-0 were 43.2 + 4.53 an@ 252.67, 36.3 + 3.85 and
32.4+4.02,49.9+7.76 and 80.6 + 7.97, 56.252&nd 94.8 + 10.7, 44.4 + 10.5
and 102.9 + 8.36, and 0.78 £ 0.34 and 170.3 + 9.90.

3.2. Effect of Enhancers

Fatty acids are known to be enhancers with lipaphgtoperties, and many
studies have shown that the skin permeability ecihgreffects of fatty acids are
greatest with PG vehicles (Green et al.,1988; Cob984; Cooper,1985; Aungst
and Rgers,1986). The binary system was consideceddisorganize the
multilaminate hydrophilic-lipophilic layers locatadtercellularly in the stratum
corneum, consequently promoting percutaneous atisorpf drugs (Hoelgaard
et al.,1988). Five sorts of fatty acids- C8 (cajorgcid), C10 (capric acid), C12
(lauric acid), C18 with one double bond (oleic acahd C18 with two double
bonds (linoleic acid)-at the concentrations of 15 &nd 10% were employed for
examining their enhancing effects of KT when they added to PG.

Compared to PG alone, the addition of fatty acidgdased permeation flux
regardless of the kind or concentration of fattydache enhancement factor
ranged from 1.72 to 146. As shown in Fig 4, themtion flux of KT from C8
and C10 increased as the fatty acid concentratioreased. The other saturated
fatty acid, C12 showed high permeation rate atcthrecentration of 3-5%. Both
of unsaturated fatty acids resulted in relativelghhpermeation rate in all

concentrations tested, and the highest flux wasrebkd at 5% concentration; the
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flux of KT from oleic acid and linoleic acid at 5%as 65.8 + 1.39 and 83.2 *
3.58 pg/crithr, respectively. The highest enhancing effect atggined with 10%
caprylic acid in PG; the permeation flux was 113.87.5 pg/crfihr. It was
reported that the most effective saturated fatigsawere C10~C12 chain lengths
for naloxone permeation enhancement (Aungst €t986). Also, in studies of
tenoxicam and ondansetron hydrochloride, it wasatestnated that unsaturated
fatty acids such as oleic acid or linoleic acid hiagl most significant enhancing
effects when used with PG (Gwak and Chun, 2002alGst al.,2004 ). In those
studies, the concentrations of fatty acids in PGewl% in naloxone study and
3% in tenoxicam and ondansetron hydrochloride. Wia#lly acids were used at
3%, the highest enhancing effect for KT permeatias achieved with C12
while it was obtained with C8 at the 10%. From ¢hessults, it was suggested
that the enhancing effects of fatty acids were edifit depending on the
concentration as well as the sort of fatty acids.

As plotted in Fig 5, the lag time of KT was reduaedthe concentration of
fatty aci ds increased except for C8, indicating ihcreased diffusivity by the
increased concentrations of fatty acids. On thdraoy it was speculated that the
enhanced permeation of KT by C8 was mainly duéhéincreased partitioning
of the drug into skin as the concentration of C&éased, considering that the
permeation flux was enhanced without shortenindabdime.

From the results, it was concluded that for effectsolution formulations,
DGME-PGMC or DGME-PGML co-solvents at the concetirzs of 20-60% of
DGME, or the addition of fatty acids at the concatibns of 5-10% to PG could
be used to enhance the skin permeation of KT. @ensig that hairless mouse
skin is very sensitive to the effect of enhancars tb its large amount of lipid,
however, further investigation using human skinwticbe explored (Sato et
al.,1991).

3.3. Effect of Pressure-sensitive Adhesives
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To evaluate the effects of PSAs, four kinds of Bcryadhesives were
employed; Duro-Tak87-2196 (FN 4), 87-2100 (FN 1), 87-2510 (FN 3) &7d
2097 (FN 2) (Table 3). One hundred milligram ofdretac tromethamine was
dissolved in 1 mL of methanol, and mixed with 3fdP8A. As depicted in Fig. 6,
the highest penetration rate was obtained with Elal® 87-2196; the
permeation rate of Duro-Ta87-2196, 87-2100, 87-2097 and 87-2510 was 3.25
+1.69, 1.17 + 0.07, 0.47 + 0.15 and 0.32 + 0.0&mgh, respectively. The lag
time was not quite different from each other, whigdis around 8 h. The steady-
state flux (J and lag time (I) are expressed as follows (Barry, 1983)=J
DKC/h and T = H/6D (& the steady-state flux, D: diffusion coefficieftt, the
solubility of drug in PSA, K: partition coefficiertetween skin and the PSA, h:
the thickness of skin). Based on the results tialdg time was almost the same,
the diffusion coefficient was estimated to be canstamong PSAs used.
Therefore, the difference of permeation flux wasutiht to be due to the KC,
which is the solubility of ketorolac in the skin.Ithough the underlying
mechanism was not directly investigated in thisdgtuthe difference of
functional group in PSAs may be involved in theubdity difference. The PSAs
with carboxyl functional group (Duro-T&k87-2196, Duro-Tak 87-2100)
showed higher permeation rate, followed by one eutha functional group
(Duro-Tak 87-2097). The acrylic adhesive with a hydroxyl ftiosal group
(Duro-Tak 87-2510) provided the lowest permeation rate. Toygolymer type
also affected the permeation flux, which acryldtedacetate (Duro-Tdk87-
2196) produced better permeability rather than laty(Duro-Tak 87-2100).
Thus, it was speculated that the permeation rata dfug compound can be
varied by the chemical nature and copolymer of PSs¢he case of ketorolac,
the highest permeation rate was achieved when Pi8Aocarboxylic functional
group and acrylate-vinylacetate copolymer was used.

The effects of drug loading doses were examinedgusiethanol and Duro-

Tak® 87-2196 as a vehicle and PSA, respectively. They droncentrations
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employed were 2 (FN 7), 5 (FN 6), 7 (FN 5) and 1™ 4) in methanol as
described in Table 3. The permeation flux and lagtat 2, 5, 7 and 10% were
0.34 + 0.14 pg/chth and 9.2 + 2.8 h, 0.55 +0.19 pugfgmand 8.8 + 1.4 h, 0.98 +
0.21 pg/crih and 12.7 + 0.8 h and 3.25 + 1.69 pditmand 8.7 + 1.0 h,
respectively. From the results, which the drug logdn PSA transdermal system
increased, the permeation flux also increased,catitig that the high drug

loading is required to achieve appropriate permeatite.

3.4. Effect of Vehicles on the Permeation of Ketorolac from a

Ketorolac Transdermal System

In designing a PSA transdermal drug delivery sysiiem essential to find an
appropriate vehicle which solubilizes a drug, mixesll with PSA, and/or
enhances the permeation rate. From our previously stusing solution
formulations of ketorolac (Cho and Gwak, 2004), AGKhowed very high
permeation rate and the permeation rate was inetidag the addition of DGME.
Also, DGME-PGMC and PG-fatty acids co-solvents sbdvwhigh permeation
fluxes. These vehicles were used for the fabricatioketorolac PSA transdermal
systems to identify the optimum penetration enhemceand they were
satisfactory in meeting the conditions for PSA hideymal system. To examine
the effects of vehicles, 50 mg of ketorolac troraetine was dissolved in 1 mL
of various solvents, and mixed with 3 g of Duro-T8k-2196 (FN 8~ 38).

The effects of co-solvents containing DGME-PGML (BN 13) and DGME-
PGMC (FN 13-18) on the ketorolac permeation from PSA transdesystem
were investigated. Fig. 7 shows the fluxes of katar at the various ratios of
DGME-PGML and DGME-PGMC co-solvents. Both of theotwo-solvents
showed the highest fluxes at 40% of DGME, whicheM@2 = 2.7 and 6.3+

1.0 pg/cnt/h, respectively. This is consistent with the resum the study using
solution formulations (Cho and Gwak, 2004) evenugio the enhancement
factors by the addition of DGME to PGMC or PGML time PSA transdermal
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systems was much lower than those in solution ftatimns. The mechanism of
enhancing effect by the addition of DGME was sutggbshat DGME itself may
not have a profound effect on the structural iritggf the skin, and it just eases
the partition of a compound by increasing the sititylof the compound in the
skin. The DGME alone revealed low permeation raté (+ 0.8pug/cnt/h).

Fatty acids are also known to be enhancers withphpic properties, and
many studies have shown that the skin permeahglityancing effects of fatty
acids are greatest with PG vehicles (Cooper, 188éper et al., 1985; Aungst et
al., 1986; Yamada et al., 1987). The binary systexs considered to disorganize
the multilaminate hydrophilic-lipophilic layers lated intercellularly in the
stratum corneum, consequently promoting percutanesthsorption of drugs
(Nomura et al., 1990). In this study, various con@gions of fatty acids were
used with PG as vehicles shown in Table 3 (FN-1938).

In our earlier study using solution formulationsh@Cand Gwak, 2004), the
highest permeation flux was attained with 10% chpicid in PG. As depicted
in Fig. 8, the permeation flux from PSA transdermydtem containing caprylic
acid in PG, however, was low compared to systems$aating other fatty acids.
This result indicated that the effects of vehidleshe solution formulations may
not be extrapolated to predict their effects in P@#nsdermal systems. The
overall permeation fluxes from ketorolac PSA trarsthl systems containing
fatty acids in PG ranged from 1.0 to 4§/cnf/h, which was considerably low
compared to solution formulations (1.3 — 118g8cnt/h) from our  study .

The overall low permeation rate was attributablethte lower loading dose
(264-298 pg) applied to the 2 Emeceiver cells (Table 4), compared to that of
solution formulations (1500 pg). In addition, tlea&lpermeation flux of ketorolac
from PSA ketorolac transdermal systems was partljibated to the low
thermodynamic activity due to its high solubility ihe acrylic adhesive matrix.
The overall lag times of PSA transdermal delivgrstems containing fatty acids
in PG ranged between 5-11 h. Among them, the lag tf PSA transdermal
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system containing linoleic acid in PG was relatpvshort at all concentrations
used (Fig. 8). The longest lag time (11.0 h) waseoked at the formulation of
3% capric acid in PG.

3.5. The Physicochemical Stability of Ketorolac Transdermal Systems
The stability of formulated ketorolac transdermgdtems was evaluated. As
shown in Table 4, the initial concentration remagnafter 30 day storage was 90-
100 %, which was not degraded significantly, refgemsl of the formulations. The
appearance or adhesive property after 30-day s@bgom temperature did not

change.

3.6. Pharmacokinetics of Ketorolac Transdermal Systemsin Rats

Based on thein vitro results from permeation of ketorolac from PSA
transdermal systems, PGML, PGML-DGME (60 : 40, vRESMC-DGME (60 :
40, viv) and 3% capric acid in PG were employedrelsicles for thein vivo
pharmacokinetic study of ketorolac transderrmatesys. The initial drug doses
from transdermal delivery systems after drying weé&-746 g (Table 4) while
the oral dose was 746 g for the mean rat weigB06§ used in this study.

It was found that there were statistically sigrafit differences in the G (P <
0.01) and T (P < 0.05) between groups as shown in Table 5 and%ighe
statistically significantly lower G were obtained from TDS 1, 3 and 4 compared
to oral delivery P < 0.05). Also, TDS 3 revealed more than 10 tinmesdased
Tmax (P < 0.05) and TDS 4 showed more than two timggR < 0.05), compared
to oral administration. The overall decreaseg,Cand increased L and t,,
were observed in transdermal systems compared ab aaiministration even
though all are not statistically significant. Thg,Jand half-life of ketorolac by
oral administration were 0.3 = 0.05 and 3.6 = Géspectively, which were
similar to those investigated in other studies (@s-Soto et al., 1995; Pasloske
et al., 1999). The high AUC and AUG.,, values were attained with TDS 2 and
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TDS 3, which used PGML-DGME (60 : 40) and PGMC-DGNED : 40) as a

vehicle, respectively, and the values were siniddadhose of oral administration.
The relationship betweeim vitro permeation flux through excised hairless

mouse skin anth vivo AUC,_, in rats is depicted in Fig. 10.

A good relationship (r = 0.9576) betweenahd AUG., was obtained. It was

thought that then vivo plasma level of ketorolac can be predicted fromith

vitro permeation profiles.
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4. Conclusion

Ketorolac transdermal systems containing PGMC oMBGn combination
with DGME at the ratio of 60 : 40 resulted in rélaty high permeation rate from
the in vitro study. When the ketorolac transdersydtems containing PGML-
DGME (60 : 40) or PGMC-DGME (60 : 40) were applitm rat skins, high
values of AUG., was attained, which was similar to that of oral adstration.
There was an excellent relationship between imvitand in vivo AUG_, found.
From the results of the reducedcand prolonged I.x and half-life in PSA
transdermal systems, it was speculated that therdtat transdermal systems

may have prolonged effect with reduced toxic eveanpared to oral delivery.
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Table 1. Permeation parameters of KT through esdisgdrless mouse skin from

5mg/ml solution or suspension in various pure Vekic
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Papp D -
Js T, Solubility
Solvent (wglerh) - (cm/h, (cnf/h, K (ma/mi
Hglc mg/m
x1000) x 10)
8.29 + 0.65 + 1.83+ 111+
Water 3.25+1.14 -
1.10 0.23 0.23 0.53
3.79 + 0.14 + 13.4 + 0.09 +
DGME  0.69 +0.29 211+11.0
2.79 0.06 5.29 0.05
9.51 + 1.60 + 278 +
IPM 13.2+3.35 143 + 36.2 0.09 +0.01
1.30 0.21 495
0.63 + 0.11 + 23.8 + 0.01 +
LBS 0.55 + 0.22 6.1+1.13
0.02 0.05 1.92 0.004
6.25 + 0.64 + 2.62 + 0.91 +
2609 1.38 +0.43 2.16 + 0.54
1.17 0.38 0.94 0.69
6.72 + 39.7 + 2.24 + 53.5 +
1944 34.9 +8.59 0.88 +0.10
0.32 9.76 0.11 14.1
9.71+ 71.9 + 1.61+ 139 +
2125 30.6 + 2.56 0.43 +0.08
2.34 6.02 0.41 29.7
5.27 + 4.98 + 3.18 + 6.11 +
PGL 24.9+16.6 10.16 +0.91
2.11 3.32 1.30 3.16
9.52 + 1.22 + 1.63 + 2.43 +
PGMC  6.08+2.29 51.3 +5.68
2.47 0.46 0.42 1.47
2.36 + 18.9 + 6.49 + 8.53 +
PGML 94.3+17.3 15.2 +1.87
0.41 3.46 1.10 0.17
2.64 + 6.51 + 12.65+ 504+
Alcohol 179+ 125 2.75+0.57
2.63 4.54 10.58 4.90
6.70 + 2.54 + 2.95 + 2.61+
IPA 12.7+11.8 36.7+4.72
3.53 1.36 2.07 2.18
454 + 8.63 + 331+ 7.83 %
OAl 432 +4.53 25.2 +1.67
0.17 0.90 0.13 0.83
0.16 +
PG 0.78 £+0.34 NA NA NA 64.8 + 4.90
0.06
0.06 +
PEG400 0.28 +0.15 NA 003 NA NA 32.0+0.56
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Data were expressed as the mean + S.D. (n = 3)niitavailable.
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Table 2. Effect of the drug concentration on themmation parameters of KT

from various pure vehicles and co-solvents.

Solvent Dose NS T, Papp
(Solubillity, (mg/ml) (ng/cndih) (h) (cm/h, x1000)
mg/ml)
DGME 5 0.69 +0.29 3.79+2.79 0.14 +0.06
(211) 30 3.43+0.02 6.56 +2.18 0.11 +0.001
200 148 £1.22 10.1 +1.98 0.07 +£0.01
PGMC 5 6.08 +2.29 9.52 £ 2.47 1.22 +£0.46
(51.3) 30 70.4 +9.78 3.99+1.78 2.35+0.33
200 1362 + 31.6 5.54 +1.43 26.6 +0.61
PGML 5 94.3+17.3 2.36 +0.41 18.9 + 3.46
(15.2) 30 415+ 19.5 4.70+0.73 27.4+1.29
50 629 +67.1 1.99+0.74 41.5+4.43
IPA 5 12.7+11.8 6.70 + 3.53 2.54 +1.36
(36.7) 30 14.7 +4.60 0.73+0.44 0.29 +0.09
50 43.9+5.73 1.98+1.01 1.20+£0.15
DGME/PGMC 5 104 +13.1 6.79 £ 0.27 20.8 £2.62
4/6 30 405 + 23.9 11.3+0.76 13.5+0.80
(69.4) 50 526 +34.1 11.0+1.09 10.5+0.68
DGME/PGML 5 183 +13.3 12.6 +£0.10 36.5 + 2.66
4/6 30 435+ 35.5 5.75+0.44 145+1.18
(85.6) 50 534 +24.2 4.77 £0.26 10.7 £ 0.48

Data were expressed as the mean = S.D. (n = 3).

37



Table 3. Formulation compositions for the preparatdf ketorolac transdermal

systems
PN unt loaded Vehicles FN ?ﬁzzzs Vehicles
(me) (mg)

¥ 100 Methanol 20 50 PG containing 3% Cs
PR 100 Methanol 21 50 PG containing 5% Cs
3 100 Methanol 22 50 PG containing 10% Cs
4 100 Methanol 23 50 PG containing 1% Cyo
5 70 Methanol 24 50 PG containing 3% Cio
6 50 Methanol 25 50 PG containing 5% Cio
7 20 Methanol 26 50 PG containing 10% Cio
8 50 PGML 27 50 PG containing 1% Cp2
9 50 DGME: PGML(20:80) 28 50 PG containing 3% Ci2
10 50 DGME : PGML(40:60) 29 50 PG containing 5% Ci2
11 50 DGME : PGML(60:40) 30 50 PG containing 10% Ci2
12 50 DGME : PGML(80:20) 31 50 PG containing 1% Cis(1)
13 50 DGME 32 50 PG containing 3% Cig(1)
14 50 PGMC 33 50 PG containing 5% Cig(1)
15 50 DGME : PGMC(20:80) 34 50 PG containing 10% C1s(1)
16 50 DGME : PGMC(40:60) 35 50 PG containing 1% Cis(2)
17 50 DGME : PGMC(60:40) 36 50 PG containing 3% Cis(2)
18 50 DGME : PGMC(80:20) 37 50 PG containing 5% Cis(2)
19 50 PG containing 1% Cg 38 50 PG containing 10% C1s(2)

For all preparations, 1mL of ketorolac solutionsvarious vehicles was mixed

with 3g of acrylic solutions. Acrylic solution enggled in this study was Duro-
Tak® 2196 except fof’2100, %2097 and”2510. The thickness of drug loaded

layer was 300u m. FN: formulation number. £caprylic acid, G: capric acid,

C,.: lauric acid, Gg(1): oleic acid, G(2): linoleic acid.
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Table 4. Stability of ketorolac transdermal delivelystems containing various

permeation enhancers

TDS 1 TDS 2 TDS 3 TDS 4
Initial Dose
661.8 746.0 717.6 681.9
(1)
% remaining (Mean £ S.D., n = 3)
15 day 925+4.38 96.4+2.7 97.4+20 97.52 1.
30 day 91.2+1.2 929+22 91.7+23 101.48 0

The initial dose was obtained from the TDS size2otm x 2.5 cm. TDS:
transdermal delivery system. The enhancers used @@ 1, 2, 3 and 4 were
PGML, PGML-DGME (60 : 40), PGMC-DGME (60 : 40) aféb capric acid in
PG, respectively.
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Table 5. Pharmacokinetic parameters of kerorolamfioral and transdermal

administration

Oral TDS 1 TDS 2 TDS 3 TDS 4
Crax(UQ/mML)  4.2+0.6 1.3+0.3 25+0.9 1.7+06 0.8+0.3
Trmax() 0.3+0.05 1.4+0.4 2.0+0.8 3.3+06 22+0.3
Q) 3.6+0.5 8.1+5.3 5.0+2.0 6.7+1.7 8.441
AUCq .24 14.7+4.8 9.2+1.7 14.1£6.0 12.5+3.7 6.6% 2.
(Mg - h/mL)
AUC,., 15.7 £ 4.6 12.6 3.5 14.7 55 14.8 4.6 8.44 2
(Mg - h/mL)

Data are expressed as the mean + S.E. (n = 3). ffAx&sdermal delivery system.

The vehicles used for TDS 1, 2, 3 and 4 were PGRIEML-DGME (60 : 40),

PGMC-DGME (60 : 40) and 3% capric acid in PG, resipely. P < 0.05 vs.

oral.
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as a function of timen(= 3).
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Fig. 6. Effect of PSA on the permeation of ketocotarough excised hairless

mouse skin. Data were expressed as the mean £1583). e: 87-2100;
0: 87-2510;A: 87-2196;A : 872097.
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Fig. 7. Effect of PGML-DGME and PGMC-DGME co-soltsron the steady-

state flux of ketorolac through excised hairlessusaoskin. Data were
expressed as the mean + S.D.< 3). o: DGME-PGMC; A: DGME-
PGML.
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Fig. 8. The effects of fatty acids in PG on thenpesition flux (A) and lag time
(B) of ketorolac from ketorolac PSA transdermal teyss. Data were
expressed as the mean = S.D~=(3).m: caprylic acid;o: capric acid;&§ :
lauric acid;N : oleic acid2 : linleic acid.
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Fig. 9. Ketorolac serum concentrations after adsiiation by oral and
transdermal delivery systems containing variousngation enhancers.
Data were expressed as the mean + SLE.J). e: oral; o: PGML; A:
PGML-DGME (60 : 40);A :PGMC-DGME (60 : 40)m: 3% capric
acid in PG.
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Fig. 10. Relationship betweeim vitro permeation flux () through excised
hairless mouse skins and vivo AUCy., in rats for four ketorolac

transdermal systems with a correlation coefficE.9576.
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