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1. Introduction

In the past decade there has been an increase mterest loward dermal and transdermal products which
ofter several advantages compared to traditional dosage forms USA data show that out of 124 drug delivery
candidates, 51 dermal or transdermal products are hsted There are 77 candidate products in prechmeal
development of which 30% represent such drug delivery Novel approaches and devices have been manufactured
1 recent years, parallelly with the development of 1n vitro and m vive test methodologies and mathematical
deseription of the processes involved in skin delrvery

These new mnovations (dosage forms, devices) made several active agents useful therapeutically,
which couldn’t serve as mediemal cures before, due Lo thewr sensiive structures (2.g. peptides). or because a lack
ol sullable devices or methedologies to carry them through e g, the skin layers.

Paralelly with these new possibiliies, there 1s also an increasing demand from climcians™ side loward
non-invasive therapies - like transdermal delivery - generally and also m the case of special patient groups, such
as children

These abovementioned facls give drve to dosage form designers {or creating novelties and making
efforts do develop new dosage forms and widen their usage to incorporate more medicinal substances

This work was imtiated by the clmicians' side, as there was a need for a non-nvasive technological

dehvery altematve of Ketamine for pediatric usage.

2. Aim

Clinicians for a while have been looking for an altemative for the mduction of anesthesia This
procedure has been nomally preformed by nhalation or wyection which being uncomfortable for adulis, 1s
painful for children, and can have long-term psychological side effects A technological altemative 1s very much
in demand T have chosen Ketarine a dissociative anesthesia [or the induction of anesthesia by the transdermal
roule Ketamine hydrochlonde is a water-soluble salt, which has difficulty in penetration of the skin to be able to
have systemic effect

My project was 1o take 4 diferent vehieles hydrogel, organogel, higmd crystals and emulsions (w'o,
wiow) o use for the application of Ketamme The result will be to see which vehicle will provide the best
penetration for the drug to be able o formulate the right desipn {or transdenmal appheation in the lorm of a
transdlermal pateh as an end result
The process will melude

1 Invilro experiments with the Hanson Vertical Diflusion Cell Apparatus with

a) Phosphate soaked membrane,

b) TPN soaked membrane

This is to see if the drug can pass the artificial membrane to determine the feasibility o progeed o in vivo
expenmentation

2 Invivo experiments with the application of the vehicle on the skin of Wistar rats
“T'o abserve the actual amount of the drug and the effect the drug has on the physiological functions

3 Blood will be taken o measure plasma levels of Ketamine. with an HPLC apparatus Lo assesl the

actual penetration effect each vehicle has on the skin



3. Literature Survey

1. General overview of transdermal drug delivery

There have been large studies o topical delivery research during the past 60 years The years between
the 1940°s to 1980 have been formative years for current understanding of transdermal delivery. Pant of the
difficulties was 1 aceessing the nformation from the databases In the 50°s and the 60’s there was research to
identifi the barrier properties of the skin, in the 60's Higuchi introduced mathematical madeling of perculaneous
penetration, 1 the late 60°s thermodvnamic actuvity (or chemical potential) was studied in terms of
supersaturation, and mn the 70's when the structure of the Stratum Comeurn (SC) was found to be like 2 brick and
mortar wall they understood that intracellular route was the transport route for the drug in the SC and it 15 this
structure that gives the skin a rate controlling membrane. Finally it was in the mid 707 that Franz invented the
Franz dilfusion cell for in vitro analysis and dunng this time vanous membranes started being used lor lesting
like cellulose acetate

The concept of a transdermal palch was mtroduced m the 1970's The first transdermal patch
manufactured was used for systerme effect with the active mgredient scopelamine to treat motion sickness. It
was made m 1981 by Ciba-Geigy using the name Transderm V (It 1s now sold as Transderm Scop) Walters and
Roberts defined the basic interests in the dermal absorption of drugs and compounds, such as: local effect
(corhzosteroids), systemic effect (mcotine patch), swface effect (sunscreens, cosmetics), and deeper effect
(NSAID’s agents for muscle mfammation), which gave the basis also for patch designers to develop this
possibility for varous drags that now are available on the market m the form of a uansdermal patch. They
include Nitroglveerine {angina), Scopolamine (motion sickness), Fentanyl (pain), Nicotine (smoking cessation),
Estrogen (hormone replacement therapy), Testosterane (male hypogonadism), Clonadine (hypertension),
Lidocaine (local anesthesia)

There are also new transdermal patches that are now available or will be available soon on the market
They include medicated: Lidocaine (pain of shingles in Herpes Zoster), hethylphenidate (attention defieit
hyperactivity disorder ADHD) and non-medicated thermal and cold patches, weight loss patch, nutrient patch,
therapeutic and cosmetic patches, aroma patch for appetite suppression, and a patch to measure sunlight

exposure,

2 lehicles

Emulsions and creams are very popular among the dosage forms used in topical delivery, where the
main components are lipids and water, stabilized by emulsifiers Developments within this field are the usage of
vegetable orls and new types of surfactants e.g. POE free, and also new emulsion types are used as well. One of
the most popular new erulsion types 1s the water-in-oil-in-water (W/O/W) multiple emulsions; where small
water droplets are entrapped within larger o1l droplets that in tum are chspersed 1n a continuous water phase.
Muluple W.OAV emulsions contam both W/O and OAV simple emulsions and requires at least 2 emulsifiers to
be present m the svstem

Iyotropie hquid erystals are farly new members of topical dosage forms, formed by amphiphilic
molecules and exhibit a phasce of matter that has properties between those of a conventional Liquid, and those of a

solid crvstal



In comrast to emulsions, gels generallv do nol comprise two mmuscible phases of apposite
lipophilienty Therefare, the polanty and solubility charactenstics of the mcorporated substances are cither
hydrophilic i hydrogel or hpophilic in organogel The consistency of gels 1s caused by gelating agents. who
belong maimly to polymers (but they can be emulsifiers as well) These polvmers build up a three dimensional
nelwork Intermolecular forces bind the solvent molecules to this polymene network and thus, due to the reduced
mobility of these melecules in structured systems with increased viscositv, exhibit viscoelastic properties. The
most important and already well-known polymers for forming hvdrogels are polvacrylic acid dernatives like
carbomers, different cellulose denvatives like hydroxyethyl cellulose, hydroxypropyl cellulose and
croscarmellose-sodium elc.

These above mentioned dosage forms can be used in their senusolid form, but alse ther incorporation
into transdermal patches 1s a common process. In this case these patches have their own device specific parts, as
follows: the basic design of a transdermal patch 15 a release liner, pressure-sensitive adhesive, and 2 backing
layer There are 3 basic transdermal delivery svstems that can be desenbed by their basic design

1 Drugin adhesive - The drug 1s incorperated into the adhesive

2 Drugin matrix — The drug 1s dispersed in & polymenc matnx

3 Drug in reservor (membrane patch) — There 15 a rate-controlling membrane between the reservorr

and the skin
This work does not detail these devices, as the basic aim was the development and {esting of the dosage form

iself
3. Skin factors relevant to transdermal absorption of active agents

The skin being the largest organ of the body covers an area of 2m* and 15 on the average 0 5 mm thick
The skin as a barrier can withstand vanous degrees of temperature and water content The skin 1s composed of
three lavers and several appendages, which contribute to the homeostasis funcuion of the skin According to the
different skin layers each has umque charactenstics watch mfluence the penetration of the drug into the body

The stratum comeum (8C) 1s the outermost membrane of the skin that consists of a heterogeneous
membrane with Lipids and proteins in a “Brnick and Mortar™ morphology grving it its barrier function. The hpid
concentration will give the SC a lipophihe environment and 1t 1s through this barrier thal the drug has to partition
first The first layer 1s the epidermal layer It senses damage caused by substances thal pass the SC and either
metabolizes 1t or causes an nflammatory response. This layer has an aquecus environment and acls as a
hydrophilic layer of which lipophihic drugs have difficulty partittoning mto The following laver 1s the dermal
laver, which supplies nuntive and immune support to the epidermis. This 1s due 1o the neural and blood supply
of the dermus. When the drug reaches this layer it 1s distnbuted to the bedy by the blood supply for ehmmation
or systemic effect Finally the last Javer subcutancous lissue and 1s composed of a network of fat cells, whieh
carry the vascular and neural systems for the skin. Depending on the state of the vaseular supply 1t wall
determune the target of the drug. Tn a vasodilated state the drug will remam local and m a vasoconstricted state
the drug will be transported to the systemic circulation

According to Sarber and Davis there are vanous factors that mfluence the absomtion of a drag from
topical preparations which mclude skin meroflora, skin pH, cutaneous blood flow, surface hipids, anatormcal

site of application, and influence of appendages There are also other (actors that have been stydied which are



diseased or damaged skin, skin metabohsm, age of skin, vanation of races, vanation ol species and reservoir
capacity of the skin

All these Tacts are 1o be Laken into consideration when [ormulating such products

+. Development of transdermal drug delivery systems

According to Kalia etal and Morganti et al . the path that the drug [ollows is (a) release of the drug
from the formulation, (b) partiion nta the SC, () diffusion through the hpophilic environment of the 5C, (d)
partition into the aqueous environment of the epidermis, (¢) diffusion through the epidermis to the dermis, and
finally (f) taken up by the capillary network to the systemic curculation. When examiming the route the drug has
10 take 1o penetrale the skin we have Lo take into consideration the polarity of the SC (lipophulic) and the
epiderms (hydrophilic) when choosing a drug as a candidate for transderrnal delivery. The drug must possess
both lipoidal and aqueous solubility: A drug that 1s too hydrophilic will not transfer into the SC and il 1t 15 too
lipophulic 1t will remain in the SC

Transdenmal diug delivery can be optimized by various methods These methods vary from changing
the drug parameters, choosing the proper vehicle and/er application of special additives called enhancers

(cherical and physical) 1n order Lo modify the barner functien of the skin

5. Maedical needs for non - invasive Keramine products

The need for transdermal ketamme delivery was mutiated from the chinicians” side It 15 well known,
that induction of anaesthesia by inhalation or injection 15 a stormy procedure in children In addition, panful and
frghtening expencences may cause long-lerm psvchologic complications and make subsequent contacts with
health professionals more difficult As a result, a vanety of premedications administered via various routes have
heen introduced, e.g rectal administration of Ketamine It has been shown that rectally admimstered Ketamune
alone produced dose-dependent sedative effects m children Only a few studies reported about the
antinociceptive patential of the transdermal Ketamine, but nobhody has investigated the hypnotic effects of this
drug after local admimstration Quan et al have shown thal topical Ketamine reduced pain n patients with no
systemic side effects, indicating neghgible or no generahized absorption Azevedo el al. have found that a
controlled transdermal delivery of Ketarmmne prolonged the time 1o first rescue analgesic medication without

adverse effects after minor gynecelogical surgery

6. Possibilities for enhancement of Ketamine absorption through the skin

As Ketamune hvdrochlonde 15 a hydrophihe drug, the possibihty for enhancement s either (1) the hydration of
the sk ex. with urea or (2) by the addition of penetration enhancers ex. surfactants and (3) the use of special
vehicles ex. organogel, hvdrogel, liqud crystals Some of these possibiliiies are used in the experimental part of

this work



4. Materials

he active agent was Ketamine hvdrochlonde [Ketamine] 2 dissociative anesthetie (chamical name
(# }-2-{o-Chlorophenyl)-2-(methviaming) eyvelohexanone hyvdrochlonde. molecular Tommula CyHeCING HOL
hiolecular weight 274 19) Ketamine was used 1n solution form (Calvpsol®, Richter Ltd ) Another agent used
was Ephednine hvdrochlonde a sympathomimetic (chemical name  (-}alphad{ l-methviammoethv])benzvi
alcohol. molecular formula CiHisNO  HCL Molecular weight 165 24) (Ruchter Ltd )

The follewing matenials were used as components for organogel. o'w cream. hvdrogel. referencegel and
liquid ervstal hquid petrolatum, 1sopropyl mynstate, amphiphilics cetostearyl aleohol, Polvsorbate 80, Bryj 96V
(polv-oxvethylene-10-levl ether) (ICI Hungary 1.td . Budapest), Carbopol 940, 971P {8&D Chemicals Ltd )
Miglvol 812 {fractionated coconut c1l), Imwitor 900 (Dynamit Nobel Huls AG \Witten, Germamv), other
additives® tnethanolamine, carbarmde, sodium hydroxade, glveerol (Hungaropharma Co . Budapest).

The matenals for w/o'w (multiple) emulsions were as follow 2.24,4,6,6,8- heptamethvinonane
{lsohexadecane’ (Arlamel HD, Umgema, Unigema grade) and vegetahle ol derivatives avocado o1l Persca
Gratissima’ (Symnise, Cosmetics grade), com germ o1l /Zea Mavs (Naturol, Cosmetics grade), polyoxyethvlene
(30) dipolvhvdrexystearate 'PEG-30 Dipolyhydroxystearate’ (Arlacel P133, Unigema, Unigema grade). block
copolymer of polvethvlene oxide and polypropylene oxide ‘Poloxamer 407 (Synperomie PE F 127, Unigema.
Umigema grade) carbomer (Carbopol Ultrez-10, BF Goodrich, Ph Eur 4th)

The polymer for the representative hydrogel systems for rheological evaluation was Hostacerin PN 73
(polvacrylate sodivm-polyacrylamud copolymer) 1n concentrations hetween 1-3% (Hoechst)

All components used were of Fh Eur 4th prade

FPreparation of developed products

Hvdrogel lype forms were formulated as follows relerence gel was a Carbopol 940 gel, neutralized by
means of sodium hydroxide, m case of the hvdrogel, Carhopol 971F was used and 1t was added tirst to distilled
water Then carbamide and 1% Ketamine was dissohved, followed by adding tmethanolamine for neutralization
In case of the hydrogel. Hostacerm Gel, Hostacenn PN 73 1o the water and let 1t sit for 10 mmutes Then
carbamide and 1% Ketamimne was dissolved.

‘The organogel was prepared by heating a nmxiure of hhiglvol 812 and Imwiter 900 © 70 °C The melt
was lefl to cool down at room temperature under continuous stirng, while the aqueous solution of Ketamine
was added drop wise

The lystropre hquid ervstal samples were produced by healing the nuixture of the hiquid petrolatum. the
glycerol and of Brip 96V 10 80 °C Distlled water was heated up 1o the same temperature and was added dunng
constant stimng at 500 r s (Tkamag RET-G magnetic stirer) Stiming was contmued unti] the mixture cooled
down to room temperature

The preparation of the o'w eream was performed as (bllows Polysorbate 80, cetosteary] alcohol and
sopropyl mynstate were melted lopether and mixed The aqueous phase containing carbamude was then heated
up to smular temperature: Finally the phases were mixed

Muluple wow emulsions were formulated with the two-step technology The tno-step technology was

started as follows the simple wi'o emulsion was prepared by addmg the wy agueous phase to the ol phase

th



contaimning the hvdrophiobic suractant Both phases were heated separately to 75 °C and then mixed Afler the
homogenization pracess (5 munutes at 1000 - 13500 mpm), the emulsion was cooled down (o room temperature
with gentle stuning This wy o emulsion was dispersed - al a low stiming rate of 500 mpm (BIOMIX LE-
JO2LABORKINL Hungane, D1 25 IKA-VERKE Gmbll Germany) - in the w; aqueous phase at room

temperature Eetamine was dissolved in the water of both phases

5. Methods

1. Evaluation of riveclogical parameters of different dosage forms

A Haake Rheostress | rheometer (ThenmoElectron, Germany) was used lo measure the rheological
properties of the creams The flow curve test (increased shear rate al constant shear ime and lemeperature) and
constant stress lest were carned oul as viscosity measurements Cone-plate (CP4/40 and 1/35° TT) combinations
was used as measurmg systern The temperature of the sample was 2530 1 °C The tests were performed at least

in trniphicate Relative standard devianon was 1 5.6 0%

The cone-plale measunng device was used also for the osaillatory measurements of the systems The
cone angle was | degree, and the thickness of the sample was 0048 mm in the middle of the cone. The
measurements were performed at room temperature The samples were kept 1n a space saturated with water
vapour dunng measurement i urder 1o prevent evaporation. The linear viscoelastic range was determuned in the
first step by examiming the complex mudulus as the function of shear stress at a piven frequency (1 Hz) Based
on these expeniments, the value of shear siress was set at 2 5 Pa dunimg the dvnamic test as this value was always
within the hnear viscoelastic range, then the values of the storage and loss maduli were examined as the function

of [requency

2 In vitro drug release studies

Franz Diffusion Cell Systemn {Hanson Research Co ) contaning 6 cells, and equipped with autosampler
(Hanson Mheroctre Autesampling System) was used for the measurement of drg in vitro drug release and
penetration The arca for diffusion was 1,767 em’, and the receptor chamber volume was 7 ml Cellulose acetate
membranes (MMachenerey-Nagel, Genmany) with an average pore size of 0.45 im were used. Pretreatment of the
membrane was achieved by soaking 1 the recenving medium for the drug release studies. The receptor medium
was phosphate butfer (pH= 54) The experunents runat 32 £ 05 °C 040 g samples of dillerent compositions
were placed evenly on the surface ol the membrane, and 800 pl samples were taken afler 05, 1,2, 3;4; 5. and 6
hours and replaced wath (resh receptor medium The absorbance was measured by UV-spectropholometer
(Umgam UV-V1s Spectrofbtometer) at 269 nm 1n the case of Ketarmine, and at 236 nm. in the case of Ephednne
hydrochlonide The blank velieles without active agenis served as references, Results of a 6 hours time penod
were plotied aecording to the diffusion madel of Higuehs  The resulls were expressed as the mean 4. 812 of Tour

experiments



3. In vitro penetration experiments

All the expernmental conditions were similar o that of the i vitro drug release studies, except the fact

that the synthetic membrane used was soaked 1in 1sopropy] mynstate ( [PA)
4. In vivo studies of physiological changes after drug administration

Alter nstitutional approval had been obtained from the animal care commttee, male Wistar rats
weighing 240 + 4 ¥ g were studied The anmals were kept on a 12 h Light/12 dark evele with tood and water ad
hibitum: All experiments were carmed out in the same period of the day (1 1o 4 pm.) to exclude diurnal variations
m phamacologic effects Each rat was tested only once One day prior to the application of the cream, the back
of each rat was carefully shaven and the skin was cleaned by wiping with water-containing cotton under
seduxen-xylazin anesthesia On the day of the experiment, the animals were aesthetized with the intrapentoneal
mjection ol Seduxen® and xylazine (1mgrkg and 10 mg'kg intrapenitoneal. respectivelv). Each cream (1.0 g)
was applied anto the dorsal skin of rat (about 15 cm*kg) 5 mun afier the injection, and covered with a protective
overlay, an elastic adhesive bandage The nonwoven PE cloth was fixed with Coban® adherent wrap Control
animals were exposed 1o the placebo cream (vehicle without active agent) m the same amount The cream and

the overlay were removed afler the lermination of the expenment

Loss of the nghting reflex was used (o determine the presence of anesthesia, and 11s length in minutes
was referred to as the duration of hypnosis. This technique 15 widely used for the assessment of anesthesia in
rodents, and good agreement has been observed between the results with general anesthetics presented in various
papers  Hypnosis was regarded as the state m which an animal could be placed on 1ts back without nighting
usell Duning the anesthesia the breathing was also determined in every 3 munutes (breathung frequency) 90 min
alter the Ketamine adnumistration the animals were overdosed with Phenobarbital and 2m) bload sample was
taken for HPLC study

The rats were treated randomly according to one of the following protacols controls recerved vehicle
(n=10), expenimental ammals were exposed to different velucles (hvdrogel, Lquid erystal, 0w cream) (n=4-7)
containmg 1% wiw Ketamme Data are presented as means + S EN The staustcal analysis of difference
between different treatments was performed with the Student 1 test A probability level less than 005 was

considered as significance

5. Evaluation of systemic absorption of Ketamine

Sample preparation mvolved extraction into diethyl ether and back extraction to 0 025 M sulphuric aeid
as reporled by Adams et al The aqueous phase was dred and reconstituted m 001 M sodium
dihvdrogenphosphate and loaded onto the chromatographic columin Scparation of Ketanune was performed on
the method described by Gross et al. The HPLC (Knauer, Berlin, Germany) compnsed a single pump 1secratic
system connected 1o a flow-through UV detector measurmg absorption at 213 nm  Chromatograms were
collected and evaluated using Eutachrom 2000 soflware The analviical separation was camied out on a reversed-

phase Ulremex § n ON eolumn (2504 tmm) (Phenomeney, Torrance. CA, LUSA) The mobile phase was



methanol-acetonitnl-ortnphospornie acid-2.01 A sodium dihvdrogenphosphate (200 80:2 718) adjusted 1o pH of

2 34 All chromatography was perlormed at ambient temperature, and the {low rate was | mlmin

6. Results and discussion
1 In vitro drug release studies
The release pracess [rom different vehicles was measured first through a svnthetie membrane, which

was soaked 1n the acceptor phase Fig 1 shows the cumulative released Ketanine amount plotted against square

root of time (\t) for the determuimation of the release rate from the lines
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Fig. 1. Cumulative released Ketamne through svnthetic membrane soaked i buffer solution

A hydrogel » reference gel = hquid crvstal > o'w cream order was set based on the fluxes measured
from the developed products Differences between these rates are mainly due to the diferences n the rheological
parameters of the svstems as both the dispersed state of'the drug (dissolved), and its concentration were constant

n this study

Table 1 summarizes the slopes representing the diffusion rates and also the released drug amounts after 2 hours,
are compared when the penetration 1s through a hydrophihic environment
lable | Released Ketamine amounts after 05, 1, and 2 hours of treatment through bulfer soaked membrane

under mn vitro conditons

Compositions In vitro released drug|In vitro released drug|In vitro released drug

amount after hall hour | amount after 1 hour of | amount after 2 hour of

of treatment (p.gt'cmz) treatment (j.lgfcmz) treatment (ug.’cml)

Reference gel 48637 70288 964.22

Hyvdrogel 1141.31 1998 20 2748 90 ]
Liquid ervstal 196 88 38290 =i 7643

Ow cream 6978 I TEE T Te00z |




2. In vitro penetration experimenty

When mmpregnating, the membrane with [PhL the

parameters ol the data presented here are histed in Table 2
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Fagure 2 Cumulatrve released Ketamine through synthetic membrane soaked in [PM

Table 2 summartzes the slopes representing the diffusion rates and also the released drug amounts after 2 hours,
P! P! 2 2

are compared when the penetration 1s through a hpophihe environment

Table 2- Released Ketanune amounts aller 0.3, 1, and 2 hours of treatment through TPM soaked membrane

under 1 vitro conditions

Compositions In vitro released drug|In vitro released drug|In vitro released drug
amount after half hour [amount after 1 hour of | amount afler 2 hour of
of treatment (;Jgfcm‘) treatment (p.glcmz) treatment (;Jgﬂ‘cmz)

Reference gel 63.62 11145 168 98

Hydrogel 11404 42994 756 14

Ligud crystal 0 79 83 309 .54

Ohw cream 0 13.81 254

Reference gel and hydroge! fluxes decreased significantly when the membrane was soaked mn IPAI

while the hquid crvstal system with high surfactant content did net shew a sigmificant change The presence of

penetration enhancers in the developed products 1s well manitested, which 1s promusing and shows abihty to alter

skin permeability properties as well While drug release through synthetic membrane was mamly influenced b

the rheclogical properties of the vehicles, diffusion ability through IPM membrane 15 the consequence of

enhancer present im the formulations



1 used an emulsion pe dosage (orm ax a vehicle i this expeniment and [ wanted 1o see 1l it would be
better to use a simple or a multiple emulsion As seen i figures 3 and 9 the muluple emulsion had a higher
release rate compared to the simple emulsion

Parcentage of Katamine release from emulsions
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IFigure 4 Concentration of Kelamine release from emulsions plotted against square rocot of iume ()
At the end of the in vitro expeniments [ decided to use the hydrogel, organogel, liquid crystals, and a
simple wro emulsion as vehicles I decided not to use the w/o/w multiple emulsion because 1t was found to be

unstable as there was seperation of the components and as a result hiquified

We mvestigated the 1 vitro release and in vitro penetration of Ketanune vs viscosity of matnces relationship,
but there was not a signuficant correlation between biopharmaceutical dala (eg teleased drug amount, rate of

release, rate of penetration) and the rheological data of matnces with different chemical composition

3. In vivo studies of physiological changes after drug administration

Products contaning 1% Ketamune, selected on the basis of the m vilro expenments were evaluated by
different physiolopical tests Fig, 5 shows the effect of Ketamine containing products on breathmg frequency, on
the asleeping ume and on the duration of sleep The ume needed for the appearance of the first unne was also
detected
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Figure 5 The in vivo effect of Ketamme on the dilferent physwlogical paramieters in anaesthetized rats * =

significant difference

There were no signiticant differences between the groups i respect of the onset of hypnosis, however
the duration of the hyvpnosis significantly increased i the Ketamune developed products compared 1o the
reference product. The breathing frequency sigmificantly decreased i the Ketamine developed product group
compared to the other lwo groups

Wy results show that the developed products (hvdrogel. liquid crystal and o'w cream) contlaung
Ketanune m 1%, have a sigmficant potency m in vivo circumstance, while the reference gel does not have any

potentiating effect on the duration of the hvpnosis nor significantly influence in the breathing frequency

4. Evaluation of systemic absorption of Ketamine

The plasma levels of Ketarmne were determined 90 minutes after topical appheation of varnous

formulations by HPLC with UV detection (Fig 6. 7)



TV

Representative chromatograms of ketamme (K) detected by UV
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The retention Lime of Ketanune was 5 0 min heasurable amount of Ketanmne was detected, but there
was no signilicant differences between the hvdrogel and the higuid crvstal products. Significant differences in the
breathing rate and the duration of sleep measured, made necessaty to investigate the blood level 1 ime course
Iig. 8 shows the results of these expenments Afler the apphication of’ Ketanmine contaimng preparations, the
drug appeared 1n the blood, while 1t did not oceur in the control group The lowest level was 75 ng/ml while n
some animals 1t reached 550 ng/ml (not shown i graph) The lowest level could be observed with o'w cream,
while the hughest level with the hydrogel, but the difference was not significant between the two groups

400

*
350 4

150

100

Ketamine concentration (ng/mi)
8
e

50

contrel ofw arganogel hydrogel

Fig 7: Ketamine blood concentrations from different vehieles (* sigruficant differences Irom the control group),

taken 90 minutes afler topical application
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Fig 8 Kelamine plasma levels [rom preparations contaimng | and 4% Ketamine taken 30, 60. and 90 minutes

afler topical admmstration of a hvdrogel

Ny results show that Ketamme diffused through the skin and 1t appeared m the blood All the
developed products might be good for this drug administration, however, the 1%s Ketamine cream in this volume
15 a low dose. Even when | used 4% concentration there was a neghmible diflerence between the two

It can be also concluded, that the m vitro evaluation method was more sensitive and the difference
among the vehicles was overestimaled in these cases [urther studies should be perormed wath higher drug
concentrations [or the characterization of the differences in the pharmacodvnamics of the drug with different

vehicles and to evaluate the eorrelation between the m vitro and in vive absamption



7. Summary

A technologieal alternative for the nduction of anasthesia has been long sought after by chimerans 1o
reduce or elummnale the pam occured by this procedure 1t 15 even more benuficial m the situation of children 1
have chosen Ketamune, a water soluble sall to be admimstered transdermally The ideal method for
adrmuimistration would be a transdermal patch, which contains & semusolid dosage form As a result | have chosen
+vehicles hvdrogel, organogel, liqud crystals, and emulsion The vehicles were Lested by the Frans Diffusion
Cell Svstem which conlamns 6 cells (2 cells contaned the vehicle only and the other 4 had the vehicle wath
Ketanune) The experiment took 6 hours during which samples were taken at 05, 1, 2, 3, 4. 5, 6 hours The first
ume the membrane was soaked i buffer solution to simulate hydrophilic conditions and the second the
membrane was soaked i IPM to simulate lipophilic conditions In both situations all the vehicles showed
sigmficant penctration through the membrane [t was high i the bulfer snaked membrane due (o the fact a
hvdrophilic drug was used, and it was lower m the I[PM soaked membrane but there still was significant

penetration enhanced effects from the vehicles

I chose hydrogel to compare the influence of viscosity on the release of the drug because 1t had the
highest penetration rate. Two hydrogels were prepared, one with Carbopol and the other Hoslacerin PN73 as
polymers with concentrations from 1-3% The Haake Rhenstress 1 Rheometer was used to measure the
theological properties, [t was shown as the pelymer content increased the viscosity also meerased but the release
of the drug decreased accordingly 11 was also shown that there was a difference of the two polvmers in regards
to the release of the drug The drug release was higher m the case where the chains were flexible and had more

of a tendency for alignment.

Because of the positive results for the m vilro experiments in vivo cxperiments were preformed by
applying the vehicles on Wistar rats and the sleeping time, first urine, breathing rate, and duration of sleep were
observed There were no sigmificant differences between the groups in respect of the anset of hypnosis, however
the duratich of the hypnosis significantly increased n the Ketamme developed products compared to the
relerence product The breathing frequency significantly deereased n the Ketamine developed product group
compared to the other two groups  After 90 minutes of the vehucle application blood was taken to measure the
coneentration of Ketamine in the plasma by the use of HPLC with UV detection The result showed me there
was penetration of Ketamine through the skin mto the blood Another serieg of tests was preformed where blood
was taken at 30, 60, and 90 munutes afler application of Ketarmine with two different concentrations (1% and
405)

In conclusion the use of vehicles showed a promising effect on the ransdemnal delivery of Ketamine m

both i vitre and in vivo situations

The aim of developing Ketamune contaming sermisolid dosage forms from which the drug reaches the
systemie cwreulation — was achieved however (urther studies should be preformed with higher drg

coneentralions to evaluate the pharmacodynamic correlation between the 1n vatro and n vivo permeation.
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