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1. Introduction

In the past decade there has been an increase interest toward dermal and transdennal products which 

offer several advantages compared to traditional dosage forms U SA  data show that out o f  129 drug delivery 

candidates, 51 dermal or tratisdermnl products are listed There are 77 candidate products in preclimcal 

development o f  which 30% represent such drug delivery N ovel approaches and devices have been manufactured 

in recent years, parallellv with the development o f  in vitro and m vivo test methodologies and mathematical 

description o f the processes involved in skin delivery

These new  innovations (dosage forms, devices) made several active agents useful therapeutically, 

which couldn't serve as medicinal cures before, due to their sensitive structures (e g. peptides), or because a lack 

o f  suitable devices or methodologies to cany them through eg . the skin layers.

Paralelly with these new' possibilities, there is also an increasing demand from clinicians' side toward 

non-rnvasive therapies - like transdennal delivery - generally and also in the case of special patient groups, such 

as children

These abovementioned facts give drive to dosage form designers for creating novelties and making 

efforts do develop new-' dosage forms and widen their usage to incorporate more medicinal substances

This work was initiated by the clinicians’ side, as there was a need for a non-invasive technological 

delivery alternative o f  Ketamine for pediatric usage.

2. Aim

Clinicians for a while have been looking for an alternative for the induction o f  anesthesia This 

procedure has been normally prefomred by inhalation or injection which being uncomfortable for adults, is 

painful for children, and can have long-term psychological side effects A technological alternative is very much 

in demand I have chosen Ketamine a dissociative anesthesia for the induction o f  anesthesia by the transdennal 

route Ketamine hydrochloride is a water-soluble salt, which has difficulty in penetration o f  the skin to he able to 

have systemic effect

My project was to take 4  different vehicles hydrogel, organogel, liquid crystals and emulsions (w o, 

w\o\w) to use for the application o f Ketamine The result will be to see which vehicle will provide the best 

penetration for the drug to be able to formulate the right design for transdennal application in the form o f  a 

transdennal patch as an end result 

Ihe process will include

1 In vitro experiments with the Hanson Vertical Di ffusion Cel I Apparatus with

a) Phosphate soaked membrane,

b) I PM soaked membrane

This is to see i f  the drug can pass the artificial membrane to determine the feasibility to proceed to in vivo 

experimentation

2 In vivo experiments with the application o f  the vehicle on the skin o f  Wistar rats

To observe the actual amount o f  the drug and the effect the drug has on the physiological functions

3 Blood will he taken to measure plasma levels o f  Ketamine, with an HPLC apparatus to assest the 

actual penetration effect each vehicle has on the skin



3. L iterature Survey

1. General overview o f transilennal drug deliver}'

There have been large studies in topical delivery research during the past 60 years The years between 

the 1940's to 1980 have been formative years for current understanding o f  transdermal delivery. Part o f  the 

difficulties was in accessing the information from the databases In the 50’s and the 60's there was research to 

identify- the barrier properties o f  the skin, m the 60's Higuchi introduced mathematical modeling o f percutaneous 

penetration, m the late 60's thermodynamic activity (or chemical potential) was studied in terms of 

supersaturation, and in the 70’s when the structure o f  the Stratum Comeum (SC) was found to be like a brick and 

mortar wall they understood that intracellular route vvas the transport route for the drug in the SC and it is this 

structure that gives the skin a rate controlling membrane Finally it  was in the mid 70' that Franz invented the 

Franz diffusion cell for in vitro analysis and during this time various membranes started being used for testing 

like cellulose acetate

The concept o f  a transdermal patch was introduced in the 1970’s The first transdermal patch 

manufactured was used for systemic effect with the active ingredient scopolamine to treat motion sickness. It 

was made in 1981 by Ciba-Geigy using the name Transderm V (It is now sold as Transderm Scop) Walters and 

Roberts defined the basic interests in the dermal absorption o f  drugs and compounds, such as: local effect 

(corticosteroids), systemic effect (nicotine patch), surface effect (sunscreens, cosmetics), and deeper effect 

(N SA ID 's agents for muscle inflammation), which gave the basis also for patch designers to develop this 

possibility for various drugs that now are available on the market in the form o f  a transdermal patch, They 

include Nitroglycerine (angina), Scopolamine (motion sickness), Fentanyl (pain). Nicotine (smoking cessation). 

Estrogen (hormone replacement therapy). Testosterone (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 o f  shingles in Herpes Zoster), Methylphenidate (attention deficit 

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

2. Vehicles

Emulsions and creams ate 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 oils and new types o f  surfactants e.g. POE free, and also new emulsion types are used as well One o f  

the most popular new emulsion types is  the water-in-oil-in-water (W/OAV) multiple emulsions; where small 

water droplets are entrapped within larger oil droplets that in turn are dispersed in a continuous water phase. 

Multiple W.OAV emulsions contain both W/O and OAV simple emulsions and requires at least 2 emulsifiers to 

be present m  the system

Lyotropic liquid crystals are fairly new members o f  topical dosage forms, formed by amphiphilic 

m olecules and exhibit a phase o f  matter that has properties between those o f  a conventional liquid, and those o f  a 

solid crystal
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In contrast to emulsions, gels generally do not comprise two immiscible phases o f  opposite 

lipophilicitv Therefore, the polarity and solubility charactenstics o f  the incorporated substances are either 

hydrophilic in hydrogel 01 lipophilic in organogel The consistency o f  gels is caused bv gelaling agents, who 

belong mainly to polymers (but they can be emulsifiers as well) These polymers build up a three dimensional 

network Intermolecular forces bind the solvent molecules to this polymeric network and thus, due to the reduced 

mobility o f  these molecules in structured systems with increased viscosity, exhibit viscoelastic properties The 

most important and already well-known polymers for forming hydrogels are polyacryhc acid derivatives like 

carbomers, different cellulose derivatives like hydroxyethyl cellulose, hydroxypropyl cellulose and 

croscarmellose-sodium etc

These above mentioned dosage forms can be used in their semisol id form, but also their incorporation 

into transdermal patches is a common process. In this case these patches have their own device specific parts, as 

follows, the basic design of a transdermal patch is a release liner, pressure-sensitive adhesive, and a backing 

layer There are 3 basic transdermal delivery systems that can be desenbed by their basic design

1 Drug in  adhesive -  The drug is incorporated into the adhesive

2 Drug in matrix -  The drug l s dispersed in a polymeric matrix

3 Dmg m  reservoir (membrane patch) -  There is a rate-controlling membrane between the reservoir 

and the skin

This work does not detail these devices, as the basic aim was the development and testing o f  the dosage form 

itself

3. Skin factors relevant to transdermal absorption o f active agents

The skin being the largest organ o f  the body covers an area o f  2m2 and is on the average 0 3 mm thick 

The skin as a barrier can withstand vanous degrees o f  temperature and water content The skin is composed o f  

three layers and several appendages, which contribute to the homeostasis function o f  the skin According to the 

different skin layers each has unique charactenstics witch influence the penetration o f  the drug into the body

The stratum comeum (SC) is the outermost membrane o f  the skin that consists o f  a heterogeneous 

membrane with lipids and proteins in a "Brick and Mortar” morphology- giving it its barrier function. The lipid 

concentration yvill give the SC a lipophilic environment and it is through this barrier that the drug has to partition 

first The first layer is the epidermal layer It senses damage caused by substances that pass the SC and either 

metabolizes it or causes an inflammatory response. This layer has an aqueous environment and acts as a 

hydrophilic layer o f  which lipophilic drugs have difficulty partitioning into The following layer is the dermal 

layer, which supplies nutritive and immune support to the epidermis This is due to the neural and blood supply 

o f  the demus. When the drug reaches this layer it is distributed to the body bv the blood supply for elimination 

or systemic effect Finally the last layer subcutaneous tissue and is composed o f  a network o f  fat cells, which 

carry the vascular and neural systems for the skin. Depending on the state o f  the vascular supply it yvill 

determine the taiget of the drug. In a vasodilated state the drug w ill remain local and in a vasoconstricted slate 

the drug will be transported to the systemic circulation

According to  Sarber and Davis there arc vanous factors that influence the absorption of a drug from 

topical preparations which include skin microflora, skin pH. cutaneous blood floyv, surface lipids, anatomical 

site o f  application, and influence o f  appendages 'Ihere are also other factors that have been studied rvhich are
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diseased or damaged skin, skin metabolism, age o f  skin, variation o f  races, variation ol species and reservoir 

capacity o f  the skin

All these facts are to be taken into consideration when formulating such products

4. Development o f  transdermal drug delivery systems

According to Kalia etal and Morganti et a l , the path that the drug follows is (a) release o f  the drug 

from the formulation, (h) partition into the SC, (c) diffusion through the lipophilic environment o f  the SC, (d) 

partition into the aqueous environment of the epidermis, (e) diffusion through the epidermis to the dermis, and 

finally (f) taken up by the capillars- network to the systemic circulation. When examining the route the drug has 

to take to penetrate the skin we have to take into consideration the polarity o f  the SC (lipophilic) and the 

epidermis (hydrophilic) when choosing a drug as a candidate for transdermal delivery. The drug must possess 

both lipoida! and aqueous solubility A  drug that is too hydrophilic will not transfer into the SC and if  it is too 

lipophilic it will remain in the SC

Transdermal diug delivery can be optimized by various methods These methods vary from changing 

the drug parameters, choosing the proper vehicle and/or application o f  special additives called enhancers 

(chemical and physical) in order to modify- the barrier function o f  the skin

5. Medical needs fo r  non -  invasive Ketamine products

The need for transdermal Ketamine delivery was initiated from the clinicians' side it is well known, 

that induction o f  anaesthesia by inhalation or injection is a stormy procedure in children In addition, painful and 

frightening experiences may cause long-term psychologic complications and make subsequent contacts with 

health professionals more difficult As a result, a variety o f  premedications administered via various routes have 

been introduced, e.g rectal administration o f  Ketamine It has been shown that rectally administered Ketamine 

alone produced dose-dependent sedative effects in children Only a few studies reported about the 

antinociceptive potential o f  the transdermal Ketamine, but nobody has investigated the hypnotic effects o f  this 

drug afrer local administration Quan et al have shown that topical Ketamine reduced pain in patients with no 

systemic side effects, indicating negligible or no generalized absorption Azevedo et al. have found that a 

controlled transdermal delivery o f  Ketamine prolonged the time to first rescue analgesic medication without 

adverse effects after minor gynecological surgery

6. Possibilities fo r  enhancement o f Ketamine absorption through the skin

As Ketamine hydrochloride is a hydrophilic drug, the possibility for enhancement is either ( l )  the hydration o f 

the skill ex. with urea or (2) by the addition o f  penetration enhancers ex surfactants and (3 ) the use of special 

vehicles ex. organogel, hydrogel, liquid crystals Some o f  these possibilities are used in the experimental part o f  

this work
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4. Materials

The active agent was Ketamine hydrochloride |Ketamine] a dissociative anesthetic (chemical name 

(•t)-2-(«-C.’hlorophcnyl)-2-(rncthvlarnino) cyclohexanone hydrochloride, molecular formula CnHitClNO MCI. 

Molecular weight 274 19) Ketamine was used in solution form (Calypsol*. Richter Ltd ) .Another agent used 

was Ephednne hydrochloride a sympathomimetic (chemical name (-)-alpha-(l-methylaminoethy])benzvl 

alcohol, molecular formula Ci0HisNO HCI, Molecular weight 165 24) (Richter Ltd )

The following materials were used as components for organogel, o w  cream, hvdrogel. referencegel and 

liquid crvstal liquid petrolatum, isopropyl mynstate, amphiphilics cetoslearyl alcohol, Polysorbale 80, Brij 96 \' 

(poly-oxyethylene-10-oleyl ether) (IC1 Hungary' Ltd, Budapest), Carhopol 940, 971P (S& D  Chemicals Ltd ) 

Miglyol 812 (fractionated coconut oil), Irmvrtor 900 (Dynamit Nobel Huls AG Witten, Germany), other 

additives' triethanolamine, carbamide, sodium hydroxide, glycerol (Hungaropharma Co , Budapest).

The materials for w/oAv (multiple) emulsions were as follow 2.2,4,4,6.6,8- heptamethylnonane 

Isohexadecane/ (Arlamol HD, Uniqema, Umqcma grade) and vegetable oil derivatives avocado oil Persea 

Gratissima/ (Symrise, Cosmetics grade), com germ oil /Zea Mays (Nalurol, Cosmetics grade), polyoxyethylene 

(30) dipolyhydroxystearate 'PEG-30 Dipolyhydroxystearate' (Arlacel PI35, Uniqema, Uniqema grade), block 

copolymer o f  polyethylene oxide and polypropylene oxide Poloxamer 407 (Synperomc PE F  127, Uniqema. 

Uniqema grade) caibomer (Carbopol Ultrez-10, BF Goodrich, Ph Eur4th)

(he polymer for the representative hydrogel systems for rheological evaluation was Hostacenn PK 73 

(polyacrylate sodium-polyacrylamid copolymer) m concentrations between 1-3% (Hoechst)

All components used were o f  Ph Eur 4th grade

Preparation o f developed products

Hvdrogel type forms were formulated as follows reference gel was a Carbopol 940 gel, neutralized bv 

means o f  sodium hydroxide, m case o f  the hydrogel, Carbopol 971P was used and n was added First to distilled 

water Then carbamide and 1% Ketamine was dissolved, followed by adding triethanolamine for neutralization 

In case o f  the hydrogel, Hostacenn Gel, Hostacenn PN 73 lo (he water and let it sit for 10 minutes Then 

carbamide and 1% Ketamine was dissolved.

The organogel was prepared by heating a mixture o f  Miglyol 812 and Imwitor 900 to 70 °C The melt 

was left to cool down at room temperature under continuous stirring, while the aqueous solution o f  Ketamine 

was added drop wise

The lyotropic liquid crystal samples were produced by healing the mixture o f  the liquid petrolatum, the 

glycerol and o f  Brij 96V to 80 °C Distilled water was heated up to the same temperature and was added during 

constant stirring at 500 r s  (Ikamag RET-G magnetic stirrer) Stirring was continued until the mixture cooled 

down to room temperature

Ihe preparation o f  the o'w cream was performed as follows Polysorbate 80. cetostearvl alcohol and 

isopropyl mynstate were melted together and mixed The aqueous phase containing carbamide was (hen heated 

up to similar temperature Finally the phases were mixed

Multiple W '0 . 'w  emulsions were formulated with the two-step technology The two-step technology was 

started as follows the simple w yo emulsion was prepared bv adding the w , aqueous phase to the oil phase



containing the hvdrnphnbic surlaclant Both phases were heated separately to 75 °C and then mixed After the 

homogenization pioeess 15 minutes at 1000 - 13500 ipm), the emulsion was cooled down to room temperature 

with gentle stirring This w, o  emulsion was dispersed - at a low stirring rate o f  500 rpm (BIOMIX LE- 

402 LABORMIM Hungarv. Dl 25 1KA-YERK.H GmbH Germany) - in the w. aqueous phase at room 

temperature Ketamine was dissolved in the water o f  both phases

5. M ethods

/. Evaluation o f  rheological parameters o f  different dosage forms

A Haake Rheostress 1 rheometer ( fhennoElectron. Germany) was used to measure the rheological 

properties o f  the creams The flow curve test (increased shear rate at constant shear time and temeperalure) and 

constant stress test were earned out as viscosity measurements Cone-plate (CP4.40 and 1/35° TI) combinations 

was used as measuring system The. temperature o f  the sample was 25 q 0 1 °C The tests were performed at least 

in triplicate Relative standaid deviation was 1 5-6 0%

'Hie cone-plale measuring device was used also for the oscillatory measurements of the systems The 

cone angle was I degree, and the thickness o f  the sample was 0 048 mm in the middle o f  the cone. The 

measurements were perfonned at room temperature The samples were kept in a space saturated with water 

vapour during measurement in oidei to prevent evaporation The linear viscoelashc range was determined in the 

first step by examining the complex modulus as the function o f  shear stress at a given frequency (1 Hz). Based 

on these experiments, the value o f  shear stress was set at 2 5 Pa during the dynamic test as this value was always 

within the linear viscoelastic range, then the values o f  the storage and loss moduli were examined as the function 

o f  frequency 2

2. In vitro drug release studies

Franz Diffusion Cell System (Hanson Research Co.) containing 6 cells, and equipped with autosampler 

(Hanson Microette Autosampling System) was used for the measurement o f drug in vitro drug release and 

penetration The area for diffusion was 1,767 cm', and the receptor chamber volume was 7 ml Cellulose acetate 

membranes (Machenerey-Nagel, Germany) with an average pore size o f  0 45 pm were used. Pretreatment o f  the 

membrane was achieved by soaking in ihe receiving medium for the drug release studies. The receptor medium 

was phosphate buffer (pH - 5 4) The experiments run at 32 ±  0 5 °C 0 40 g samples o f  different compositions 

were placed evenly on the surface ol the membrane, and 800 p i samples were taken after 0 5; 1 ,2 , 3; 4; 5; and 6 

hours and replaced with fresh receptor medium The absorbance was measured by UV-spectrophoiomeier 

(Unicam U Y-Y is Speetroibtometer) at 269 nm in the case o f  Ketamine, and at 256 nm. m the case o f  Ephedrme 

hydrochloride Tire blank vehicles without active agents served as references. Results o f  a 6  hours time period 

were plotted according to the diffusion model o f  Higuchi The results were expressed as the mean i  S D o f  four 

experiments
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In vitro penetration experiments

All the experimental conditions were similar to that o f  the in vitro drug release studies, except the fact 

that the synthetic membrane used was soaked m isopropyl myristate ( 1PM)

4. In vivo studies o f physiological changes after drug administration

After institutional approval had been obtained from the animal care committee, male Wistar rats 

weighing 240 ±  4 8 g were studied The animals were kept on a 12 h light 12 dark cycle with food and water ad 

libitum All experiments were carried out in the same period o f  the day (1 to 4 p m.) to exclude diurnal variations 

in pharmacologic effects Each rat was tested only once One day prior to the application o f  the cream, the back 

o f  each rat was carefully shaven and the skin was cleaned by wiping with water-containing cotton under 

seduxen-xylazin anesthesia On the day o f  the experiment, the animals were anesthetized with the intraperitoneal 

injection of Seduxen® and xylazine ( 1 mg'kg and 10 m gkg intraperitoneal, respectively). Each cream (1 0 g) 

was applied onto the dorsal skin o f rat (about 15 cmVkg) 5 nun after 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 to the placebo cream (vehicle without active agent) in the same amount The cream and 

the overlay were removed after the termination o f  the experiment

Loss o f  the lighting reflex was used to determine the presence o f  anesthesia, and its length in minutes 

was referred to as the duration o f  hypnosis. This technique is widely used for the assessment o f  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 in which an animal could be placed on its back without righting 

itself During the anesthesia the breathing was also determined in every 5 minutes (breathing frequency) 90 min 

after the Ketamine administration the animals were overdosed with Phénobarbital and 2ml blood sample was 

taken for HPLC study

The rats were treated randomly according to one o f  the following protocols controls received vehicle 

(n= 10), experimental animals were exposed to different vehicles (hydrogel, liquid crystal, o.w cream) (n=4-7) 

containing 1% wAv Ketamine Data are presented as means ± S EM  'Ihe statistical analysis o f  difference 

between different treatments was performed with the Student t test A probability level less than 0 05 was 

considered as significance

5. Evaluation o f systemic absorption o f Ketamine

Sample preparation involved extraction into diethyl ether and back extraction to 0 025 M sulphuric acid 

as reported by Adams el al The aqueous phase was dried and reconstituted in 0 01 M sodium 

dihydrogenphosphale and loaded onto the chromatographic column Separation o f  Ketamine was performed on 

the method described by Gross ct al. The HPLC (Knauer, Berlin. Germany) compnsed a single pump isocratic 

system connected to a flow-through UV detector measuring absorption at 215 nm Chromatograins were 

collected and evaluated using Eurochrom 2000 software The analytical separation was earned out on a reversed- 

phase Ultremex 5 ,um CN column (250 4 6mm) (Phenomenex, Torrance. CA, USA) The mobile phase was
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methanol-ncctonitril-ortnphnsporic acid-0 0 1 M sodium dihvdrogenphosphate (200 80 2 718) adjusted to pi I of 

2 34 All chromatograph) was performed at ambient temperature, and the flow rate was 1 mbmin

6. R esults and discussion  

I. In vitro drug release studies

The release process from different vehicles was measured first through a synthetic membrane, which 

was soaked in the acceptor phase Fig 1 shows the cumulative released Ketamine amount plotted against square 

root o f  lime ( vt) for the determination o f  the release rale from the lines

y~ 204,93x + 318.15 
Rr = 0,9589 

y = 65,07x + 178,13
R* = 0,9537 

y= 80.286X- 253.64
R! = 0,91

y = 5.0801X + 38 225 
R ' = 0,9627

A hydrogel > reference gel > liquid ervstai > o'w cream order was set based on the fluxes measured 

from the developed products Differences between these rates are mainly due to the differences in the rheological 

parameters o f  the systems as both the dispersed state o f  the drug (dissolved), and its concentration were constant 

in 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 is through a hydrophilic environment

fable I Released Ketamine amounts alter 0 5, 1, and 2 hours o f  treatment through buffer soaked membrane 

under in vitro conditions

C om positions In vitro released drug 

am ount after h a lf hour 

o f  treatm ent (pg/cm 2)

In vitro released drug 

amount after 1 hour o f  

treatment (pg/cin2)

In vitro released drug 

am ount after 2 hour o f 

treatment (pg/cin2)

Reference gel 43 6 3 7 702 88 964.22

Hvdrogel 1141.31 1998 20 2748 90

Liquid crystal 196 88 382 90 7643

O w cream 69 78 76 43 90 02
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2. In vitro penetration experiments

When impregnating the membrane with IPM, the following changes were detected ( f ig  2). the 

parameters o f  the data presented here are listed in Table 2

Figure 2 Cumulative released Ketamine through synthetic membrane soaked in IPM

Table 2 summarizes the slopes representing the diffusion rates and also the released diug amounts alder 2 hours, 

are compared when the penetration is  through a lipophilic environment

Table 2' Released Ketamine amounts alder 0.5, 1, and 2 hours o f  treatment through IPM soaked membrane 

under in vitro conditions

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

amount after h a lf hour amount after I hour o f amount after 2 hour of

of treatment (pg/cm 2) treatment (pg/cm !) treatm ent (pg/cm 2)

Reference gel 63 62 111 45 168 98

1 lydrogel 11404 429 94 756 14

Liquid crystal 0 79 S3 309 54

O/w cream 0 13.81 25 4

Reference gel and hydrogel fluxes decreased significantly when the membrane was soaked in 1PM, 

while the liquid crystal svstem with high surfactant content did not show a significant change The presence o f 

penetration enhancers in the developed products is well manifested, which is promising and shows ability to alter 

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

the rheological properties o f  the vehicles, diffusion ability through IPM membrane is the consequence o f  

enhancer present in the formulations
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1 useu an emulsion type dosage form as a vehicle m this experiment and I wanted to see if  it would be 

better to use a simple or a multiple emulsion As seen in figures 3 and 4 the multiple emulsion had a higher 

release rate compared to the simple emulsion

Figure 4  Concentration o f  Ketamine release from emulsions plotted against square root of time (\'l)

At the end o f  the in vitro experiments T decided to use the hydrogel, organogel, liquid crystals, and a 

simple w/o emulsion as vehicles 1 decided not to use the w/oAv multiple emulsion because it was found to be 

unstable as there was seperation o f  the components and as a result liquified

We investigated the in vitro release and in vitro penetration o f  Ketamine vs viscosity o f  matrices relationship, 

but there was not a significant conelation between biopharmaceutical data (eg released drug amount, rate of 

release, rate o f  penetration) and the rheological data o f  matrices with different chemical composition

3. In vivo studies o f  physiological changes after drug administration

Products containing 1% Ketamine, selected on the basts o f  the in vitro experiments were evaluated by 

different physiological tests Fig. 5 shows the effect of Ketamine containing products on breathing frequency, on 

the asleeping time and on the duration o f  sleep The time needed for the appearance o f  the first urine was also 

detected

10



120

n
I :1 control (n=l fl)
I H  ketamine developed product (n=7) 
h-yij reference product (n=4)

*
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n
i

Asleeptn? time (min) First urine (min) Breallilns rate (per min) Duration of sleep (min)

Figure 5 The in vivo effect o f  Ketamine on the different physiological parameters in anaesthetized rats * = 

significant difference

There were no significant differences betw een the groups in respect o f  the onset o f  hypnosis, how ever 

the duration o f the hypnosis significantly increased in the Ketamine developed products compared to the 

reference product. lire breathing frequency significanllv decreased in the Ketamine developed product group 

compared to the other two groups

My results show that the developed products (hydrogel, liquid crystal and o'w  cream) containing 

Ketamine m 1%, have a significant potency in in vivo circumstance, while the reference gel does not have any 

potentiating effect on the duration o f the hypnosis nor significantly influence in the breathing frequency

4. Evaluation o f  systemic absorption o f Ketamine

Tire plasma levels o f  Ketamine were determined 90 minutes after topical application o f  various 

formulations by Hl’LC with U Y detection (Fig 6. 7)
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Figure 6: Representative chromatograms of ketamine (K) detected by UV
absorption at 215 mil.
(A) Drug-free plasma with externally ketamine (K: 100 ng-ml); 
Chromatograms of plasma samples after application of
(B) hydrogel, and
(C) liquid crystal.

B
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K
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The retention time o f  Kctanune was s 0  mm Measurable amount o f  Ketamine was detected, but there 

was no sign: ficant differences between the hydrogel and the liquid crystal products Significant differences in the 

breathing rate and the duration o f  sleep measured, made necessary to investigate the blood lew  I in time course 

Fig, 8 shows the results o f  these experiments After the application o f  Ketamine containing preparations, the 

diug appeared in the blood, while it did not occur in the control group The lowest level was 75 ng'ml while m 

some animals it reached 550 ngftnl (not shown in graph) The lowest level could be observed with oAv cream, 

while the highest level with the hydrogel, but the difference was not significant between the two groups 

400-,

£
g  300

.1 250 
75
|  200 
c
8 150

I 100
S 50 

0
c c o lr d  o/w crganoge l hydrogel

Fig. 7: Ketamine blood concentrations from different vehicles (*• significant differences from the control group), 

taken 90 minutes after topical application

control 
ketumlnc l"/o 
ketamine 4°/o

<iO

' I ' l t n c  (min)

Fig. S Ketamine plasma levels from preparations containing l and 4% Ketamine taken 30, 60, and 90 minutes 

after topical administration o f  a hydrogel

My results show that Ketamine diffused through the skin and it appeared in the blood All the 

developed products might be good for this drug administration, however, the l % Ketamine cream in this volume 

is a low dose. Even when I used 4% concentration there was a negligible difference between the two

It can be also concluded, that the in vitro evaluation method was more sensitive and the difference 

among the vehicles was overestimated in these cases Further studies should be performed with higher dmg 

concentrations for the characterization o f  the differences in the pharmacodynamics o f  the drug with different 

vehicles and to evaluate the correlation between the in vitro and in vivo absorption

n



7. Sumntarv

A technological alternative lor the induction o f  anasthcsia has been long sought after bv clinicians to 

reduce or eliminate the pain occured bv this procedure It is even more bemficial in the situation o f  children 1 

hate chosen Ketamine, a water soluble salt to be administered transdennally The ideal method for 

administration would be a iransdermal patch, which contains a semisolid dosage form As a result 1 have chosen 

4 vehicles hydrogel, organogel, liquid crystals, and emulsion 'Hie vehicles were tested by the Frans Diffusion 

Cell System which contains 6 cells (2 cells contained the vehicle onlv and the other 4 had the vehicle with 

Ketamine) The experiment took 6 hours during which samples were taken at 0 5, 1 ,2 , 3, 4, 5, 6 hours The first 

lime the membrane was soaked in buffer solution to simulate hydrophilic conditions and the second the 

membrane was soaked in IPM to simulate lipophilic conditions In both situations all the vehicles showed 

significant penetration through the membrane It was high in the buffet soaked membrane due to the fact a 

hydrophilic drug was used, and it was lower m the IPM soaked membrane but there still was significant 

penetration enhanced effects from the vehicles

1 chose hydrogel to compare the influence of viscosity on the release o f  the drug because it had the 

highest penetration rate Two hydrogels were prepared, one with Carbopol and the other Hostacerin PN73 as 

polymers with concentrations from 1-3%. The Haake Rheostress 1 Rheometer was used to measure the 

rheological properties. It was shown as the polymer content increased the viscositv also mcerased but the release 

o f  the drug decreased accordingly It was also shown that there was a difference o f  the two polymers in regards 

to the release o f  the drug The drug release was higher in the case where the chains were flexible and had more 

o f  a tendency for alignment.

Because o f  the positive results for the in vitro experiments in vivo experiments were preformed by- 

applying the vehicles on VVtstar rats and the sleeping lime, first urine, breathing rate, and duration o f  sleep were 

observed There were no significant differences between the groups in respect o f  the onset of hypnosis, however 

the duration o f  the hypnosis significantly increased in the Ketamine developed products compared to the 

reference product The breathing frequency significantly decreased in the Ketamine developed product group 

compared to the other two groups After 90 minutes o f  the vehicle application blood was taken to measure the 

concentration o f  Ketamine in the plasma by the use o f HPL.C with UV detection The result showed me there 

was penetration o f  Ketamine through the skin into the blood Another series o f  tests was preformed where blood 

was taken at 30, 60, and 90 minutes after application o f Ketamine with two different concentrations (1% and 

4%)

In conclusion the use o f  vehicles showed a promising effect on the transdennal delivery o f  Ketamine in 

both in vitro and m vivo situations

The aim o f  developing Ketamine containing setmsohd dosage forms from which the drug reaches the 

systemic circulation -  was achieved however further studies should be preformed with higher dmg 

concentrations to evaluate the pharmacodynamic correlation between the in vitro and in vivo permeation

14



A cknow ledgem ents

I would like to thank
Prof. Dr. Habit. István Erős, Ph.D., D.Sc.

University o f  Szeged, Department o f Pharmaceutical Technology
for allowing the opportunity to do my Ph D studies in the 

Department o f  Phramaceutical Technology

I would like to thank
Prof. Dr. Habil. Piroska Révész , Ph.D ., D.Sc. 

University o f  Szeged, D epartm ent o f  Pharmaceutical Technology
for guiding in my last stages of my dissertation

I would like to thank 
Dr. H abil Ildikó Csóka Ph.D

University o f  Szeged, Department o f  Drug Regulatory Affairs
for the many times she helped me the past years o f my studies 

and in the completion o f  this work



Publications

I 1 Csóka, E Csányi, G. Zapanlis. G Horváth, G Blazsó, I Eros' In vitro and m vivo percutaneous 

absorption o f topical dosage forms. Farm. Vestn 54, 347-348 (2003)

II I Csóka. E Csányi, G, Zapantis, E Nagy, A Fehér-Kiss G Horváth, G Blazsó, I Eros, In vitro and in 

vivo percutaneous absorption o f  topical dosage forms case studies. Ini J. Pham  291 , 11-19 (2005)

If: 2.156

III G- Zapantis, I Csóka, E Csányi, G Horváth, I Erós Evaluation o f  Ketamine systemic absorption from 

topical preparations. Acta Biológica Hungarica, 57, 387-389 (2006)

If: 0.636

Abstract

1 G. Zapantis, I Csóka. G Horváth, M  Bamai, G Kékesi, E Csányi, T  Pénzes. I Erős, Ketamm klorid 

tartalmú transzdermális gyógyszerformák fonnulálása és vizsgálata. Gyógyszerészet 6S (2003)

Congressus Phamiaceticus Hungancus XII. Budapest. Hungary May 8-10, 2003

16


