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1.1 Introduction

Biopharmaceutical drugs have gained more and more importance in the field of pharmaceutical
researchl] [2]. Being able to cure severe and rdiseases, the development of pharmaceutical
products for the delivery of peptides and proteins became an important task in recej®] years
[4]. Challenges within the development, manufacturing, production and storage of these
products are, that especially proteins are sensitive to a variety of external factors, like shear
stress, temperature and |p5] [6]. Due to poor oral absorption, peptide and protein drugs are
typically administered panterally. Furthermore a short héfe in the body causes a high
frequency of administration via the parenteral route, which negatively impacts the patient
compliancel2]. For this reason, the development of sustained release delivery systems is of
high importance to achieve sustained blood levels with reduced side effects and improved

patient acceptandé].

In the field of veterinary medicine, the focus is set on faciligatimerapy for owners and
veterinarians and to reduce distress and potential side effects for the treated &nifa
livestock breeding, the application of biopharmaceutical drugs opens new doors with respect to
wait-times and residuals in animal products. With the application of biopharmaceutical drugs
in a sustained release delivery system, their maintzhek, the short halffe can be overcome

[9]. As strict rules for wait times concerning milk and meat exist for smdkeules due to
accumulation, this problem is not given for peptides, e.g.-B-fhe] in Gonvétveyx (Veyx
PharmaGmbH) [10]. Consequently, sustaineelease formulations entered the marketplace in
veterinary medicine. ProHe&r6 by Zoetis, an injectable sustained delivery system for
protection against the canine heartworm disease, based on lipid microparticles is FDA approved
[11]i[13]. Another example is the application diet GnRHagonist deslorelin via the
subcutaneously injected lipid implant Suprel8tay Virbac for the chemical castration in male,
mature dog§l4] [15]. Supreloriff was recently also investigated for taint removal of boars and
for suppression of sexual function in male da®)] [17]. Bovine somatotropin (recombinant
bovine growth hormone, BST, rBGH) is the active ingredient formulated in an oily zinc
suspension in Posil@8¢Elanco Animal Health)The controled release induces an improved
lactation in dairy cow§3] [18] [19]. For livestock animals, the requirements are to provide an

acceptable and effective therapy with low costs, facilitating the already existing treatment.
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1.2 Drug Delivery Systems for the Sustained Release of Peptides and

Proteins

A variety of drug delivery systems can be utilized to sustain the release of peptides and proteins.

1.2.1 Implants

Implants usually have a cylindrical shape and can be manufactured by compression, molding
or extrusion20]i [22]. A distinction between biodegradable and+baodegradable implants

is commonly made literature. Advantages of biodegradable implants are the lack of surgical
removal and the high biocompatibilif®] [23] [24]. Release is mainly controlled by diffusion,
which takes place in both degradable and -degradable implants. Furthermore, for
biodegradable implants also matrix erosion, swelling and osmotic effects need to hiattaken
consideratiorj25] [26].

Poly (actide-co-glycolide) (PLGA) derived implants

The delivery of proteins via PLGRased mplants was extensively studied, revealing
outstanding biocompitility and degradation properti¢d7]i [29]. A disadvantage concerning
implants based on PLGA is the formation of an acidic microenwigstt within the implant,
leading to an enhanced degradation of the protein and potentially covalently modified peptide
and protein27] [30] [31]. Nevertheless, PLGMased implants delivering the peptide drugs
goserelin (Zolade% Astra Zeneca)32] and buserelin (ProfdetDepot, Sanofi Aventis
Deutschland GmbH33], as well as an isitu forming implant containing leuprolide (Elig&d
Astellag [34] are approved for breast and prostate caneatrirent, whereas Zoladeis

further approved for the treatment of severe endomet(@aj$35].

Solid lipid implants

The manufacturing of biodegradable implants made from solid lipids, like triglycerides) als
combination withmonoglycerides and cholesterol for the delivery of therapeutic proteins is of
high interest in the field of controlled delivdB2] [26] [36] [37]. An advantageous production
system is the twhscrew extrusion process, allowing to treat the lipid excipient slightly below
the melting point which Hps to avoid polymorphic changé&?] [37] [38]. Drug release can

be managed in time frames from weeks to mofi38$ [40]. The addition of additives like
polyethylene glycol (PEG) can enhance and complete the release, due to the formation of an

intercomected pore netwoiR6] [40] [41].
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1.2.2 Suspensions

Oily suspensions are suitable delivery systems for peptides and proteins intended for controlled
releasd2]. The sustained delivery is due to the formation of a depot after injection in the tissue,
which slowly releases the drd@]. In human as well as veterinary medicine oily suspensions
are of high interest. In veterinary medicine, e.g. the products EXeeakeExcené RTU by

Zoetis containingeftiofur and its hydrochloride, a cephalosporin against infecti@esases in

cattle, is applied via an oily suspens[8h[42] [43] .

1.2.3 Nanoparticles

Nanoparticles ranging from 10 to 10061 can e.g. be produced by spray drying and emulsion
based preparation methods, like hot or cold homogenization techijdgijeglt7]. Natural or
synthetic poymers, like gelatin, PLGA, or triglycerides can be used for their prepafdépn
[48]i [51]. Triglycerides, like tristearin, trimyristin or composed lipids like Coitop® 888
ATO are commonly used as lipid bases upon manufactufs®ii[54]. Regarding
biopharmaceutical drugs, proteins like BSA and peptides like caleitord gonadorelin have

been entrapped successfully into nanoparti&g§ [58].

1.2.4 Microparticles

Microparticles from natural and synthetic polymers, fearaple solid lipidg[1] [59] [60],
PLGA [61]i [63] and poly lactic acid (PLA)64], aresuitable for parenteral drug delivery.
Various microparticulate sustained release systems are described for biopharmagd#jticals
[65]i [68].

Pdy lactic acid (PLA) and Poly lactic eglycolic acid(PLGA) microparticles

PLGA is described as suitable polymer for the preparation of microparticles, also for protein
and peptide deliverj24]. Recombinant human erythropoietin (rhEPQO), vascular endothelial
growth factor (VEGF) and the peptide somatostatin could be successfully entrapped into PLA
and PLGAbased particle$3] [69] [70]. Problems arising from PLGA are changesthe
microclimate which afford a special stabilization of the encapsulated pr{2dir{31] and the

high costs which explain the only few available veterinary products. The drug deligegynsy
SMARTshof Bi12Prime Lamtby Virbacdelivers vitamin Bzin a PLGA suspension in an oily
vehicle for suckling lamb¢§8] [72]. For diabetes treatment, the PL&Ased microparticle

system Byduredhby AstraZeneca is approved deliveregnatide[73].
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Solid lipid microparticles

Solid lipid microparticlesare of particulainterestfor the delivery of bioparmaceuticals due
to several advantages compared to other polymers like P1[367] [74]i [76].The solid lipids
are highly biocompatible and degraded by endogenoasdgb] [23] [77]. A pH shift, which
may destabilize peptides and proteins, cannot be obsgf8edThe peptides somatostatin,
insulin, thymocartin, desmopressin and the GnRH antagantidehave beetoaded into solid
lipid microparticles[1] [68] [74]i [76]. The sustained delivery of proteins like BSA has also

been realized with incorporation into lipid micropartidiés] [80].

1.3 Preparation Techniques for Lipid-Based Microparticles

Lipid-based microparticles are often produced by emulsas®ed methodqd81]i[83].
Furthermore, preparation techniques with presence of organic solvemisnamor{75] [76].

Ideally, the manufacturing technique works without an additional watase, which may
induce degradation or aggregation processes at the interface, and without organic solvents to

avoid the problem of solvent residuals in lipid microparticles.

1.3.1 Hot emulsion

This method is preferably applied for preparation of small maddoalded lipid micropatrticles.

Lipid excipients are melted together and mixed with a hot aqueous phase containing emulsifier
to obtain a O/W emulsion, potentially via phase inversion. Upon cooling, the lipid droplets

solidify which leads to the formatiorf microparticleg84] [85].

1.3.2 Double emulsion

In the double emulsion method, the drug is dissolved in an aqueous phase, whéarivarddt
emulsified into a lipid melt. Often stabilizers such as gelatin or poloxamers are used.
Subsequently, this primary emulsion is transferred into a second aqueous phase. Upon stirring

and cooling, the micropatrticles solidify and can be removed togtidn[81] [86].

1.3.3 Solvent evaporation

The solvent evaporation method was also reported as suitable for the encapsulation of peptides
into microparticle$68] [74]. The underlying principle is, that the solid triglyceride is dissolved

in methylene chloride or anothemganic solvent and the grinded peptide afterwards added. The
suspension is subsequently added to an agueous solution, which might be cooled, and stirred to
allow the evaporation of the organic solvent leading to the formation of the micropditdles
Another technique deriving from this process is the so called solvent stripping method used for

the entrapmenof the GnRH antagonist antid@6]. Other researchers also successfully
5
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incorporated hepatitis B surface antigen (HbsAg) and somatostatin via a modified emulsion

solvent evaporation method into lipid micropartidies] [75].

1.3.4 Spray drying

Spray drying is an efficient dryingrocess in a preheated airstream. Although the contact of the
liquid phase with the hot air is quite short, this drying technique leads to a considerably higher
thermal stress than freedeying [87]i [89]. For this eason, the courrent preparation method
should be favored compared to the counter current method, as the air of the lowest temperature
is getting in contact with the drug solution, e.g. as describag@dombinant methionyl human
growth hormone (hGH) antissuetype plasminogen activator-tA) [87] [88]. To achieve a
sustained release, atomization can either occur out of an organic solution, an emulsion or a
suspension, whereas the removal of one phase commonly leads to the formation of
microparticleq3] [90]i [92]. Used lipids for the spray drying process are usually triglycerides
also in combination with emulsifiers like lecithi@l]. But also the use of other polymers like
PLGA[90] [61], PLA[64], cellulose derivativef®3] or chitosarj94] is described in literature.

Thus, this preparation method is used for the preparation of microparticles loaded with

biopharmaeutical drugs, like erythropoietin and insul8j [95].

1.3.5 Spray congealing

Spray congealing is related from spdiying using a similar apparatus setup with installation

of additional partsKigure 1-1) [1]. The lipid melt with suspended peptide ootein particles,

is sprayed into an air stream, which is either kept at room temperature or cooleld J@6ti

[99]. Atomization typically occurs with the use of a tflid nozzle whereas compressed air

is commaly used to disperse the m§li00] [101]. Furthermore, the use of atomization via
ultrasound102]i [105] and rotating discs or whed86] [106] [107] is described. The contact

with the air of lower temperature leads to solidification of the produced droplets. The separation

in different size fractions occurs inanogy to the spray drying procegd98].
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Air pressure inlet
Heatblock

Reservoir container
Liquid valve
Heat supply

Thermosensor

Swirl nozzle

Figure 1-1: Schematic image of the spregngealingzquipment basedn the Bichi B290 Mini gray

dryer[1]

In literature, the successful incorporation of a variety of small molecule drugs, like
indomethacin[102], verapamil HCI[97] and aminolevulinic acid101] is described. The
encapsulation of proteins via spray congealing may be critical due to thermal stress affecting
the ternary and quaternary structure. Nevertheless the peptides jdguomatostatirf75]

and thymocartirf74] as well as proteins like BSA were successfully incorporated into spray
congealed lipid microparticlgg9] [109]. Major benefits of the spray congealing process are,
that nofurther agueous phase is needéich helps to avoid peptide or protein aggregadn

[110].

1.4 Estrus Synchronization

The term estrs synchronization describes the simultaneous aefment of the fertile state in
female animals by the help of pharmaceuti§hld ]i [113]. It is a suitable tool to reduce costs
and efforts for veterinarians and farmers, due to termination of separation of the female animals,
as well as littering and weanifgl4] [115]. Species treated to achieve astsynchronization

are mainly swine, but protocols do also exist for cattle, sheep, goats and/I&ijegL23].

Over decades, the application of synthetic gestagens turned out to be higtignteffi
synchronizing the esis in swine, whereas the treatment is successful for both gilts and sows
[111][113] [117]. Moreover, gestagen treatment leads to absence cfegponders and no
severe side effecfd13]. These advantages made this thgrto the goldastandard in esfis
synchronization in recent years. Drawbacks of this therapy arise from therengimtal entry

of the gestagens by the produced marjligd] [125]. Analysis of the surroumag runoff to

large agricultural holdings evidenced the presence of gestagens in levels abdaemioh
concentrationg126] [127]. Gestagens exhibit toxicity for water organisms by leading to

reproductive disorders or even inféty, further discussed it.5[128][129].
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1.4.1 Hormonal regulation mechanisms

To understand theode of action underlying es synchronization, the hormonal regulation

of sex hormones in femalmammalians is briefly discussed. Under control of luteinizing
hormone (LH) and follicle stimulating hormone (FSH) progesterone and estrogen are released.
LH and FSH release again is controlled by the decapeptide gonadettgasing hormone
(GnRH), alsaeferred to as luteinizing hormomeleasing hormone (LHRH), with the sequence
p-Glu-His-Trp-SerTyr-Gly-Lew-Arg-Pro-Gly-NH2  [130]i[133]. A single or pulsatile
application of GnRH or its analogues results in an increase in LH and FSH levels. If applied
continuously, these hormones are down regulated due to a negative feedback mechanism taking
place in the gonadddituitary-hypothalamic axis and a following receptdown regulation
[132][133].

1.4.2 Therapeutic regimen and pharmaceutical products

Estrogens and gestagens

Altrenogest also referred to as allyl trenbolonis, the gestagen mainly used for asir
synchronization in swine. It is usually fed in amounts eR05mg per day over a time period

of 14-18d [111] [113] [117]. Besides, also norgestometgestagen used in goats for astr
synchronizatior[121]. Melengestrol acetate is used in postpartum beef cattle and heifers in

combination with prostaglandin derivatives to synchronize ttrasgf434] [135].

GnRH and its analogues

GnRHhas a halflife of approximatelyl h in the blood plasma and is released physiologically
inapulsatiemanngt36 Gn RH anal ogues, or sbigheraffintyed 0 s
to GnRH receptors and a higher stability in vivo were devel@i#0] [137]. GnRH analogues

are widely applied in both human and veterinary medicine for a variety of indicafiabke (

1-1). Gonadorelirf6-D-Phe] is one analogue, reported to have a higher affinity to GnRH
receptorg[130]. Other related substances are buserelin, goserelin and triptorelin, which are
indicated in human medicine for different cancer types, endometriosis and inf¢Bi]ty
Recently, goserelin was also tested as@ultb conventional medication to protect the ovarian
function against aggressive chemotherapy in breast cancer-mepr@pausal femalg438]

[139].
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Table 1-1: Structural changes in amino acid sequence of GnRH analogues compared to GnRH

Substance  Amino acid sequence

GnRH p-Glu-His-Trp-SerTyr-Gly-Leu-Arg-Pro-Gly-NH- [133]
G [6-D-Phe] p-Glu-His-Trp-SerTyr-D-Phe-Leuw-Arg-Pro-Gly-NH; [10]

Triptorelin p-Glu-His-Trp-SerTyr-D-Trp -Leu-Arg-Pro-Gly-NH- [136]
Buserelin p-Glu-His-Trp-SerTyr-D-Ser (tBu)-Leu-Arg-Pro(NHELt) [35]

Goserelin p-Glu-His-Trp-SerTyr-D-Ser (tBu)-Leuw-Arg-Pro(NEt}YAzaGly-NH: [140]
Peforelin pGlu-His-Trp-SerHis-Asp-Trp -Lys-Pro-Gly-NH; [141]
Leuprolide  p-Glu-His-Trp-SerTyr-D-Leu-Leu-Arg-Pro(NHELt) [142]

In veterinary medicine, G [®-Phe] (Gonavé&t Veyx, Veyx Pharma GmbH), goserelin
(Fertilar®, Bremer Pharma) and peforelin (Mapré&liveyx Pharma GmbH) formulated in
immediate releasing formulations are commonly used for a successful induction of ovulation in
sows and gilt§123][143] [144]. According to the professial information of Gonavétveyx,

G [6-D-Phe] should be administered approx.h8@espectively after the administration of
PMSG or peforelin to giltELO]. In sows, the new esis should be induced with the application
of PMSG 24h after weaning. Depending on the duration of the suckling period, G8nayst
should be administered 56 to BGfter peforelin or PMSG. Artificial insemination should be
performed twice, 2426 and 4042 h after application of @-D-Phe][10]. Furthermore, the
application of GnRH analogues in astined release delivergystemwas successfully
introduced into the market with the implant Suprel®rifvirbac) leading to a chemical

castration in male mature dogs as alternative to surgical cas{itidi45].

Betahuman chorionic gnadotropin( WCG) and equine horionic gonadotrophin(eCG)/

pregnant mare serum gonadotropin (PMSG)

b-hCG, another gonadotropican usually be found iblood plasma of pregnant females,
regonsible for the sustaining of pregnarjty6]. ECG, also called PMSG, is obtained from
blood of pregnant mares. It is the active compound in Fekftigigva Santé Animale) and
Suigonaff (MSD Animal Health) in combination with hC{347] [148]. Intergonafi (MSD
Animal Health) contains only eC[&49]. For induction of estrs, hCG is used successfully for
treatment of weaned sowW$43]. In 1982, von Kaufmann and Holtz already reported the
successful treatment of gmebertal gilts coming into esis by a single injection of hCG and
PMSG[150].
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Prostaglandin F¥) (PG 2

PGF2U, a p r oderivirgdromethedetalolisnof arachidonic acid, is reported to have
positive effects on artificial insemination in swifis1] [152]. Due to local effects on the
myometrium, they are able to enhance the success of artificial insemination (Al) by induction

of local uterus contractions with positive effects on synchnogithe ovulatiorj122] [153].

1.5 Problems arising from Estrus Synchronization

Meat and milk consumption is very high in western countries and is continuously increasing in
developing countries which makes an effective livestock breeding nec¢$5dty Estus
synchronization by gestagens is one element to achiev®ttasdo et al. reviewed problems
going hand in hand with high doses of gestagens getting into the ground water, as side products
of large agricultural facilitiefl26]. Collecting samples from a cattle runoff in the US revealed
high amounts of gestagens and their metabolites in the manure and dry feedlot surfake soil
authors assume, that excretes of large agricultural holdings play an important role in the
environmental entry of steroid hormones reaching levels over the predicteffeaio
concentratiof127]. High steoid concentrations of up to 3g/l were found in the melt water

in the neighborhood of large agricultural holdings in Wisco[id4]. Possible armful effects

on reproduction are reported for the fathead minnow and zebrafish, as well as for alligators and
frogs[124] [128] [155]i [158].

1.6 Aim of the Thesis

The present thesis was performed to develop an environmentallyiyraternative for estrs
synchronization in swine. Treatment with gestagens isctheent gold standard for egs
synchronization. But substantial entry into the environment has been shown dikely ihat
gestagens negatively influence reproduction of water orgarjis?6$[128] [129]. This work

should focus on the development of a delivery system for the decapeg@e@-Bhe], which

is ableto guarantee a sustained release over two weeks. The delivery of the peptide via
triglyceride microparticles seems to be the best choice for our purpose based on costs and
tolerability. The system should guarantee a drug release in an effective doséroegperiod

of 15days, followed by a more or less immediate drop to allowithel&neous onset of a new

estus in all treated animals for a fixéne insemination program.

Chapter Twodescribes the first tests to establish a spray congealing prfocesing on the
impact of melt viscosities and apparatus settings on particle size and yield. Furthermore, lipid

microparticles are evaluated for polymorphism.

10
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In Chapter Threethe incorporation of model substances, like dn@no acid tryptophan and
the dpeptide aspartame with focus on yield and drug content is studied. First release
experiments from pure triglyceride matrices and in combination with emulsifiers and sugars

were performed.

Chapter Fourfocuses orthe optimization of thepray congealingrocesswith respect tgield
and encapsulation efficienciylaterial distribution during the spray congealing process and
evaluaion of possible sources for high material loss are studi®&bssibilities for the

optimization of the process are discussed.

In Chapter FiveG [6-D-Phelloaded microparticles obtained via the spray congealing process
were tested. Factors influencing the release behavior, like surface morphology, water uptake
upon incubation and polymorphic behavior are investigated. The wettalfilifyid matrices

is determined, also in combination with surfactants, by contact angle measurements using the
sessiledrop method.The addition of different emulsifier types at various concentrations is

screened to achieve a release over two weeks.

Chapter Six shows the results of a particle and drug distribution study in carcasses after

application in the lateral neck muscles.

Chapter Sevesummarizes the results of the two performeddghirécal studies. The first study
focuses on the dose finding of a future delivery system by application of two different
G [6-D-Phe] doses via two different formulations. The second study evaluates fiewertif
formulations using only the low dose of the first study. Treaethe are investigated
concerning biocompatibility of the tested formulations and possible adverse reactions. Most
important is the effect on cycle blockage and onset of folliculavtiyaas well as determination

of ovulation. Furthermore, the side effect of ovulatory cysts is discussed.

Chapter Eightdescribes the results of a loteym stability studyerformed over a Xthonth
time at 28, 25 and 40C. Microparticles arenvestigated concerning drug content, peptide
stability, particle morphology and size, suspension in the reconstitution medium and release

profile. Possible instabilities arising from the storage are explained.

11
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2 DEVELOPMENT OF A SPRAY CONGEALING PROCESS FOR

TRIGLYCERIDE MICROPARTICLES
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2.1 Abstract

A spray congealing process for the manufacturing of solid triglyceride microparticles was to be
developed. The instrument 8egs, like product flow, spray pressure and spray flow were
evaluated with respect to their effect on particle size and yield. Spray flow was identified as the
most important factor with a moderate effect on yield and mean particle size. An improvement
of yield and size reduction was obtained with higher spray flow. Particles of approximately
50 um were obtained at 20 to 80 yield. Upon spray congealing, the triglycerides crystallized

in the metastable-polymorph. Transition into the thermodynamicallgiseb-form could be

achieved by an additional tempering step.

2.2 Introduction

Microparticles are widely used delivery systems for both small molecules and biopharmaceutic
drugs[1]i [3]. Polymerbased microparticles, especially based on lipids are of particular interest
[4]7[9]. Different preparation techniques exist for lipid microparticles mainly based on
emulsion or spray techniqug0] [11]. Molten lipids can be emulsified into an aqueous phase

at higher temperatures forming solid, spherical microparticles upon c¢blihgrhe solvent
evaporation technique is based on an organic solution of lipid dispersed in an aqueous phase
followed by solvent removal resulting in the formation of partifl@$[13]. The disadvantages

of these techniques are problems arising from residual organic solvents and a high loss of water
solubk drug due to partitioning into the aqueous pha8g Alternatively, a solution of lipid

in organic solvent can be sprdgied[14].

Spray congealing, in literature also referred to as spray cooling or spray chilling, is a process
without the use of organic solvents characterized by the atomization of a lipiflLBjdL6].
Typically, the small droplets are formed by the use of internal mixingflvidh nozzles using
compressed air or nitrogen as spray ¢d¥] [18]. Depending on the lipid's
melting/solidification point, e droplets are sprayed into a chamber, which is kept at room
temperaturg19] or below([7]. In some cases a subsequent fralrzeng step is appliefi7].
Alternatively, atomization othe lipid melt is performed with a Venturi effdeased wide
pneumatic nozzle (WPN2O0]. Furthermore, by the use of an ultrasolnaged system, molten

lipid can be split up into small droplets upon contact with the sonotrode followed by
solidification at room temperatuf@1]i [25]. In addition, centrifugal whedR6] [27] and

rotating disc atomize8] aredescribed.
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In the first steps of development of ligdhsed microparticles for sustained release o
G [6-D-Phe] by spray congealing, the influence of different process parameters irflaitwo
nozzlebased process was evaluated. Additionally, the use of different triglycerides was

assessed. The results with placebo particles should form the bake gubksequent studies

with model substances and the peptide drug.
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2.3 Materials and Methods

2.3.1 Materials

Dynasan 116 tfipalmitin, D116), Dynasan 118tr(stearin, D118) and Dynasan 120
(triarachidin, D120) were kindly provided from Cremer Oleo (WitteBermany). The
thickening agent aluminum stearate was supplied from Fluka (Fluka, Sigmeh,
Taufkirchen, Germany).Ultrapure deionized water with aowductivity of less than
0.055uS/cm (Milli-Q Water systemsMillipore, MA, USA) was usedthroughout &l
experiments. Polysorba®® (PS20) was purchased from Merck KGaA (Darmstadt, Germany).

2.3.2 Preparation of triglyceride microparticles by spray congealing

Sample Container
with molten lipid

PEG 400 Heating

/ Medium

| Pump

Spray Gas Entry ‘

Figure 2-1: Schematic depiction of the spray congegequipment additionally talled on top of aB
290 Mini praydryer

Nozzle

«d

12g of triglyceride was melted on athplate and transferredto the sample container of a
B-290 Mini spray dyer with an additional spraghilling setup(Buchi, Flawil, Switzerlandas
visualized inFigure 2-1 . The whole system was pecenditionedfor 1.5 hours prior tparticle
production(samplecontainer 90C for D116 andl10°C for D118 and D120spray tower
temperature 15 °CY.he original sample container with a plane bottom by Blchi was used for
production of microparticles. Additionally, a custanmade sample container with a coned
bottom (tilt 13°) to minimize materibloss was tested for flowut studies. The coned bottom
container was made by the LMU fine mechanics department at the same dimensions as the
original flat bottom container.fie connedr passage between sample container and nozade

heated to 70C with a selfmaderesistance wirdasedheating The spray tower was fed with
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pre-cooledair via an additional dehumidifier Deltathefnl. T (Deltathern®® Hirmer GmbH,
Much, Germany). The lipid melt was sprayed using nitrageapressurdetween 4and 6 bar.
A high-performance cyclone was used to separate the microparticles. Resulting microparticles

werestored at 2B °C until further analysis was performed.

2.3.3 Determination of yield
Yield was determined by weighing the product container before and after mialtgparti
production. Only microparticles collected in the product container were taken into account for

yield calculation.

2.3.4 Evaluation of the product flow using different sample containers

The product fow into the nozzle depends on the temperature as weikessity ¢ the used
melt. D116 was usedas lipid material The valvewasopened and the resulting product flow
within 20s collectedand the flow calculated iml/min. Both the flat bottom sample container

as well as the coned bottom container were evaduat

2.3.5 Determination of particle size
Approximately 20mg of micioparticles were suspended inh0of an aqueous solutioof
0.02% PS20. Thesample was analyzed in the laser diffracsgatem Horib@articaLA-950

(Horiba, Kyoto, Japan) while stirring.

2.3.6 Investigations on polymorphic behavior usingdifferential scanning calorimetry
(DSC)

Microparticles were analyzed using a Mettler DSC 821e (Mettler Toledo, Columbus, OH,
USA). 515mg were weighed o aluminum cruciblesnd analyzed & heating and cooling

rate of 10K/min from Oto 110°C in two cyclesagainst an empty crucible as referente.
determine polymorphic behavior upon tempering, particles were stored in glass 8|24t 2
and 45°C for 24, 48 and 78, respectively.

2.3.7 Characterization of particle morphology using scanning electron microscopy
(SEM)

Surface characteristics of lipidionoparticles were assessed by SE&8/Mhg a Jeol JSM500F
SEM (Jeol, Tokyo, Japan) withoatditionalcoatingat 150,900and 1506fold magnification,
after attaching on aluminum sample holders with double adhesive(Rdmeo, Wetzlar,

Germany)
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2.4 Results and Dscussion

2.4.1 Evaluation of the product flow into the nozzle using different sample containers

As the product flow into the nozzle dapls on the used melt and temperature as well as valve
opening, the product flow in ml/min was determined experimentally for D116°& @y both

the flat bottom container, as well as the coned bottom container. A turnable metal screw
controlled the flowout of the container into the nozzEigure 2-2 shows the product flow

depending on the valve opening out of the sample container.

10

--0-- Flat Container
—m— Cone Container

Product Flow [ml/min]

.
.
.
/

%7 l/i
e
3 _ _Q%B
T T T T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25

Valve Opening [Turns]

Figure 2-2: Product flow out of the sample container for D116 at@@mean and Sh = 3)

Flowing of the melt started at 0.7i&rns with 0.23nl/min (flat bottom) and 0.381/min (coned
bottom)respectively. In general, both container configurations showed a similar flow rate. At
a valve opening of 1.7&urns, the flat container showed a deviating product flow ofr/&in
compared to the coned bottom container withr@alnin. Increasing the Wae opening to
2.0turns, maximum flow rates of 7rhl/min (flat bottom container) and 7m6l/min (coned
bottom container) were reached. Thus, the flow from the sample container was only minimally
affected of the container shape. The product flow increalsedst exponentially with turning

of the valve.
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2.4.2 Preparation of drug-free lipid microparticles by spray congealing

Subsequently, microparticles were prepared by spray congealing using the triglycerides D116,
D118 and D120Table2-1 summarizes the tested settings, as well as yields and particle sizes.
The attempt to generate larger particles by additior6faluminum stearate via increasing the

viscosity led to valve blockages and was not further pursued.

X000 T0pm WD S| 2.0kV X900

MONC

Figure 2-3: SEM images of triglyceride microparticles basedD116 (A), D118 (B) and D12T)

Particles showed a sphericgthiape and the use of D116 led to a flaky surface appearance
whereas D118 and D120 particles obtained a very smooth surigoee(2-3).

Spray presseris reported to be a factof major influenceon particle characteristics gpray
congealing[29] [30]. Yield was determined as 390 (4 bar), 43.2%6 (5 bar) and 42.%

(6 bar). Particle size did not change upon varying the spragymesThus, spray pressure did

not have major influence on product characteristics, as the actual spray gas volume (or spray

flow) getting into the nozzle was regulated separately.

Another important parameter is the lipid feed rate. The feed rate wag vaag&ange between
0.75 and 2.0 valve turns, corresponding to an effective product flow rate between 0.23 and
7.1ml/min. With application of a product flow abover8/min corresponding to 1.7dirns, an
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irregular spray cone and a high material losk@tpray tower wall could be monitored, which

reasoned slightly lower yields.

Table 2-1: Overviewof placebo microparticle batches produeéth varied apparatus settings.

TG Spray Temp. Spray flow Valve Yield Mean
pressure [°C] [Normlitres/h]  opening [%] particle size
[bar] [Turns] [um]
D116 4 90 473 0.75 39.0 40.4 (+ 12.0)
D116 6 90 473 0.75 42.9 66.7 (+ 28.8)
D116 5 90 473 0.75 43.7 40.2 (+ 15.5)
D116 5 90 473 0.75 43.7 40.2 (= 15.5)
D116 5 90 473 1 53.2 45.1 (= 14.8)
D116 5 90 473 1.125 51.3 42.9 (= 8.0)
D116 5 90 473 1.25 46.0 48.5 (= 10.9)
D116 5 90 473 15 43.7 40.0 (= 6.0)
D116 5 90 473 1.75 37.8 40.8 (= 5.5)
D116 5 90 473 2 38.3 47.4 (= 2.6)
D116 5 90 301 1 23.3 43.3 (+ 3.4)
D116 5 90 357 1 211 45.6 (+ 7.0)
D116 5 90 473 1 53.2 28.9 (+ 16.3)
D116 4 90 473 1 42.2 49.3 (x12.1)
D118 4 110 473 1 34.6 35.5(+14.1)

The spray flow, a factor with high influence on particle size, was assessed between 246 and
4731/h [31]. At a spray flow below 30h spray congealing was not possible because of
inadequate diplet formation. At 301 and 33/h, yields of 220 with particle sizes of
approximately 4um could be achieved. The increase of spray flow tol4/&sulted in the

highest observed yield of about ¥ and the size of the collected particles was redtced
28.9um, indicating a more effective atomization and the formation of smaller droplets.
Consequently, the spray congealing process was rather robust over a wide range of process
settings. The strongest influence regarding yield and particle size s&wveth for the variation

of spray flow.
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2.4.3 Evaluation of polymorphic behavior

The lipid modification of the microparticles plays a crucial rjdg [13]. After the spay
congealing process, D116 microparticles were present ib-gadymorph as indicated by the
melting endotherm at 48 in the first and the second heating sdaigyre 2-4 A) [32]. This
hexagonal modification with only minor and unspecific chaiaininteractions is
thermodynamically unstable upon storgge[33]i [35]. According to Lutton, it is only stable

for several weeks at room temperatui@]. Upon further heating, the exothermic
recrystallizatiorto the higher meltin§ -polymorph occurref32]. This orthorhombi@arrayed
polymorph is also metastable and not always detectable in[B&B37]. Further energy led

to the formation of the most stalibeform, which should be favored for reasons of lbegn
storage. In this triclinic modification, the carbon chains are parallel to each other with a high
potential of interactiofi33] [38]. The observed polymorphic behavior went in accordance with
the behavior of spray congealed microparticles manufactured with different natural or synthetic

lipids as well as lipid implants and solid lipid nanoparti¢&g19] [39]i [42].

Tempering at B°C and room temperatureiddnot lead to changes in the polymorph.
Incubation at slightly increased temperatures induced a transition of the micropatrticles to the
b-polymorph with only one single melting endotherm af65already after 24 (Figure 2-4

E). Storage at 45%C, which is slightly over the distinct melting point of tbidorm, induces
crystal lattice formation to the more densely padkdorm. Thistempering of theipid matrix

is a suitable tool tonduce formation n t he t her mo d-modificatiordoahighey st
stability of the drug delivery systes{32] [39] [43].
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Figure 2-4: Polymorphic behavior of freshly prepared D116 microparticles (A) and aftesitized at

room temperature (B), after 72 h at 7(1Q, after 24nh at 45°C (C), after 4& at 45°C (D) and 72 at

45 °C (E). Representative heating scans are depicted of the first and second heating each. Curves are
displaced along the ordinate for better visualization
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2.5 Conclusion

It was possible t@roduce triglyceride micimarticles by the means of spregngealing.The

choice of sample container had no pronounced influence on the product outflow, but could
possibly minimize material loss inside the contaifidre evaluation of process parameters
showedthat the proceswasrather robust against their variatiofhe apparatus settingpray
pressureproduct flow and spray floware reported to have the highest influence, which could
only be partly confirmed in our experimehbw product and spraydiv ledto insufficiert
atomization which causehigh product loss in the spray dry€&he spray flow was evaluated

to be the most influencing factor on particle size and yiBBIC measurements shed that
microparticleswere crystallnei n  tpblymomh directly after productiomvhich did not
changeuponstorage at B and 25°C over 72h. Storage at 48C induced thdransformation

to the thermodynamically stable and desirdbferm after 24h.
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3 |INCORPORATION OF HYDROPHILIC MODEL SUBSTANCES INTO

SPRAY CONGEALED SOLID LIPID MICROPARTICLES

Parts of this chapter are intended for publication

Data of amino aciloaded microparticles was collected and evaluategdtgn Mayer during
hermaste t h e s i Bevelopnemt ant imittlo evi@luation of parenteral lipidbased depot

formul ationso (2014)
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3.1 Abstract
Two different hydrophilic model substances, @m@ino acid tryptophan and thepdptide

aspartame, were incorporated into spray congdgdetdmicroparticles as a surrogate for the
decapeptide -D-Phe]. Aspartame was lyophilized to mimic the properties of the freeze
dried drug. The spray congealing process as well as the release behavior from the obtained
microparticles were evaluatesing different triglycerides, also in combination with release
modifying additives, such as emulsifiers and sugars. Additionally, the influence of lipases on
drug liberation from the particles was investigated. The addition of emulsifying agents led to
beter spray performance. A slow and incomplete release resulted for pure triglyceride
microparticles. Using tryptophan as model substance, a releasedoiDAd6 + 5% GMS)

with an initial burst of less than 26 could be achieved. The formulation of D80 % GMS

resulted in a sustained release fod24vhereas the initially released drug could be kept below
25%. The addition of lipase to the release medium led to matrix changes visible in SEM images
also leading to a faster release when GMS concenmisahigher than % were used. The
released aspartame was different compared to tryptophan and could be controlled over approx.
10d by the addition of Span 40 and Span 85.
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3.2 Introduction

The incorporation of drugs into biodegradable matrices for paednégplication is an
important field within pharmaceutical researdji[3]. Lipid drug delivery systems, like
microparticleg4], solid lipid nanoparticlefs] and implant$6] [7] are suitable tools to prolong
and control the delivery of drugs. Hydrophilic proteins and peptides, like somatd8iatin
insulin [4], thymocartin (TP4) [9], ovalbumin[6], bovine serum albumifiL0] and lysozyme
[11] have successfully been loaded into lipid m#goeres. The spray congealing process,
technic#ly evaluated in the previous chapter, has been reported to be a suitable technique for
the production of lipid microparticl¢4] [10] [12]. The absence of organic solvents, high yields
and encapsulation efficiensieare benefits arising from this technique compared to other
emulsionbased methodgl] [9] [13].

Widely used excipients for lipid matrices are for example solid triglycerides of different chain
length[14]i [17] and waxe$18]. Additionally, the application of composed fats, consisting of
mono, di- and triglycerides in variable amounts, like Compfit@88ATO [19] [20] or
Gelucir€ -qualities, combining glycerides and hydrophilic polyethylene glyai$[22] are

common.

Release kinetics achieved with lipid delivery systems range from several minutes up to months
[23] [24]. With the use of spray congealed microparticles consisting of GEl&dI&3 loaded

with diclofenac a complete dissolution belowrhhutes was achievg@4]. A sustained release

was reported in case of implants consisting of tmygiting triglycerides for over three mast

[14] [25]. The modification with partial glycerides improves surface wettability, as well as
increased matrix swelling which enables drug dissolufg#j [26]. The addition of pore
formers, like polyethylene glyc§27] [28], sucros¢14] or trehalos¢29], induces the formation

of a connected pore network above a certain concentration. Test conditions, such as temperature
[23] [30], addition of emulsifiers to the mediudil] [32] and the presence of lipad8] [34]

are important variables influencing release rates.

As a delivery system for release of[&D-Phe] over a 18 aysdé ti me fr ame
developed, lipid microparticles produced by spray congealing were selected. The following
study focused on the dgorporation of model substances as a surrogate for the peptide drug.
Surfactants, like monostearates, sorbitan esters and fat alcohols, as well as sugars like sucrose,
were added to influence release rates and to adjust the formulation to the requasel rele
profile. Furthermore, suitable release conditions with or without the presence of lipase and a
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suitable release method were evaluated based on previously reported dialysis membrane models
for oily suspensions and other colloidal syst¢&ts [36].

3.3 Materials and Methods

3.3.1 Materials

The peptide drugspartame (ASPyasobtainedfrom Sardoz AG, Nuremberg, Germanyhe
amino acid typtophan (TRP) was purchased from Sigfidrich (Taufkirchen, Germany).
Triglycerides Bynasanl12 trilaurin, D112), Dynasari14 (trimyristin, D114), Dynasan 116
(tripalmitin, D116) and Dynasatil8 tristearin D118) were kindly provided from Cremer Oleo
(Witten, Germany)Glycerol monostearatgsMS) with a monoester content of-86 % was
purchased from Caelo (Caegatoretz, Hilden Germany)Cetylstearyl alohol (CSA,
Lanetté O) and Poloxamer 18§Lutrol® F 68) werepurchased from BASH.(idwigshafen,
Germany). an40, 65 and 85 were kindly provided from Croda (Nettetal, GermdPizi>
24-glyceryl stearate (PE@4 GS), tradename Cutiha&E 24, was a kind gift from BASF
(Ludwigshafen, Germany). Colloidalicium dioxide (Aerosi®) was prchased from Evonik
Industries Essen, GermanySucrose was purchased from Siddzucker (Mannheim, Germany).
Ultrapure deionized water with a conductivity of less than O&Bm (Milli-Q Water
systems, Millipore, MA, USA)was used for preparation of buffers in this study. Visking
dialysis tubirgs with a diameter of.&mm and a cubff of 12-14kDa for performance of
release widies were sourced fronserva Electrophoresis GmbHHdidelberg, Germany).
Centrifuge tubes weraupchased fronVWR International GmbHDarmstadt, GermanyLipase
isolated fronrhizopus oryzaavas purchased from Sigafddrich (Taufkirchen, GermarnyAll

other chemicals were of analytical grade.
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3.3.2 Lyophilization of ASP
ASP was bulk lyophilized in a concentration of 0.5 % (w/v) on a tray without addition of further
stabilizers usingan Epsilon 26 D freeze dryer Nlartin Christ Gefriertrocknungsanlagen

GmbH, Osterode, Germany) atiae following cycle:

Step Ramp [°C/min] Temperature [°C]  Pressure Hold time

[Torr] [min]
Freezing 1 -50 750 60
Annealing 1 -20 750 240
Freezing 1 -50 750 60
Primary drying 0.5 -20 0.0675 2100
Secondary 0.1 30 0.0675 720
drying

3.3.3 Cryogenic ball-milling of ASP

Prior to the milling step, ASP waslended with 0.86 (w/w) Aerosif to enable particle
separation during the milling process. The cryogenic milling was conducted with the Cryomill
(Retsclf Technologies GmbH, Haan, Germany) usirsjaanlessteelbeaker and two milling
balls with a diameteof 10mm. A precooling time of 1nin at 5Hz was applied, followed by

two milling cycles of 2min each at a frequency of B{x. The milled mixture was aliquoted

and stored at-8 °C until spray congealing was performed.

3.3.4 Mortar grinding of TRP for suspension in the lipid melt

Approximately 7g of lipid components consisting of triglycerides (D116, D118) and the
additive (GMS or sucrose) were ground together with h80(1%) or 260mg (2%) TRP
manually for 30min using mortar and pestle without heatiddne remainder of the lipid
components (total batch volume @Bwere added and the mixture heated up on a water bath to
90°C. The mixture was homogenized formin using an Ultraturrax -LO basic (IKA

Laboratory Technology, Staufen, Germany).

3.3.5 Preparation of model substancdoaded microparticles by spraycongealing

For preparation off RP-loaded microparticles, the lipidispersion was filled in the sample
container ofthe B-290 Mini spray dyer with additional spray chilling setu{Buchi, Flawil,
Switzerlard), which was preconditioned for 1.% prior to the production stefsample
container 96110°C, spray tower temperature 16). The additional equipment consisted of a
sample container, surrounded by a bath filled with polyethylene glycol (PEG) 40Beatsay

the nozzle. The connection between nozzle and sample container was heated externally by a
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resistance wirdased heating, generating a temperature of approximat€l.70he spray
tower was fed with precooled air produced by aadditional dehumidier Deltathern® LT
(Deltaherm® Hirmer GmbH, Much, Germany)The lipid melt wasatomizedusing nitrogen as

spraygasat a pressure oflar and a modified nozzle with an inner diameter oh2n.

ASP-loaded micropatrticles were prepared by melting limchponentsand adding the milled
ASP under high shear mixing using an Ultraturrax fomi@. The suspension was fed into the
sample container of the spray dryer and atomized in analogy to amindoadeti

microparticles. The theoretical drug load was 2P&7

3.3.6 Determination of particle size

Approximately 20mg of micioparticles were suspended inh0of an aqueous solution of
0.02% PS 2Qorior to analysisThe dispersion was analyzed using ldmer diffractionsystem
HoribaParticaLA-950 (Horiba, Kyoto, &pan) while stirring.

3.3.7 Characterization of particle morphology using scanning electron microscopy
(SEM)

Particlecharacteristics of lipidnicroparticles were assessed using a J&6500 FSEM
(Jeol, Tokyo, Japan) withowidditionalcoating of theparticles after attaching on aluminum
sample holders with double adhesive tdptano, Wetzlar, Germany)Cross sections of

particles were prepared by cutting the particles with the use of a surgical scalpel by hand.

3.3.8 Determination of encapsulation efficiercy

30 mg of TRRIoaded micropatrticles were dissolved in &10of methylene chloride and 20l

of PBS pH 7.4 were added. Prior to analysis of the water phase, thghase system was
shaken vigorously for Bin and let stand afterwards for anothem@@. The aqueous phase
was analyzed using the NanoDrop 2000 spectrophotometer aun2887] (Thermo Fisher
Scientific, Waltham, MA, USA). Each batch was extracted in triplicate.

50mg of ASP-loaded microparticles wemdissolved in 0.5nl of methylene cldride and the
same amount of highly purified water was added. The mixture was incubatedifamlihe
GFL 3031 horizontal shaking incubai@esellschaft fir Laortechnik, Burgwedel, Germany)
at a temperature of 3 and 60pm. All microparticular battes were extracted in triplicate
and measured using an Agilent BXis spectrophotometer 8453 (Agilent Technologies, Santa
Clara, CA, USA) at 258m [38].
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3.3.9 Development of a suitable release model drevaluation of TRPand ASP release
behavior

Forrelease studies of TRIBaded microparticle$00mg with 2% and 200ng with 1% drug
load were weighed intalialysis tubings After addition of 0.5nl (100mg microparticles) or
1.0ml (200mg microparticlesPBS pH 7.4 with 5% NaNs and 0.0246 Poloxamer 18&he
tubings were closed at both ends and placed in-anlBentrifugetube release medium was
added to a total volume of 58l. Samples were incubated on a horizontal shaker & 2&d
60rpm. Additionally, the sameexperiment was carried out with addition of lipase from
rhizopus oryzaein a concentration of 1.0/mg microparticles (corresponding to a
concentration of 20 or 40/ml, respectively)n the dialysis membrane. All release studies were
performed in tripli@ate. Samplesof 1001 per t i me ,rpptaced witHresbreleaset a k e
medium and analyzedusing aNanoDrop 2000 spectrophotometeat 280nm. 100 mg of
microparticles without amino acid weused as control. A solution ofrhg/ml TRP in PBS
was filled into the membrane as positive contiol proof the permeability through the

membrane

100mg of ASRloaded microparticles were filled in dialysis tubings amdl®f PBS buffer pH
7.4 were added, tubings wes®sed with threadat both ends and placed in-8 centrifuge
tubes. 3nl of release medium was added and samples were treated according ltmad&dP
microparticles. Each sample was performed and analyzed in triplicate. SamplegubiviE0®
taken for measurement of raked drug using an Agilent spectrophotometer 8453 at a

wavelength of 258m.
3.4 Results and Discussion

3.4.1 Preparation and characterization of model drug-loaded lipid microparticles by
spray congealing

All TRP-loadedbatches could be spraysdccessfully resultig in different yield and particle

size {Table3-1). An increased spray flow of 47® compared to 41#h did not influence the
microparticle sizeBoth concentrations of TRP could be sprayed without affecting yield.
Microparticles were obtained at yields in a range between(DA.86) and 29.06 (D118) with

particle sizes between 30.2 and 53r8. Addition of GMS resulted in slightly larger particles

With addition of GMS, yield was not affected for Dt&&sed microparticles, but slightly
increased for the formulations based on D116. The emulsifier GMS is reported to enable a more

effective encapsulation, which may result in larger partidek
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Table 3-1: Overview of TRPloaded microparticle batches sprayed wlifferentapparatus settings and
with additionof GMS and sucrose

Model  Drug Load Spray TG Excipient  [%]  Yield Mean Particle
drug [%] (w/w)  Flow [I/h] [%] Size [um]
TRP 2 414 D118 - - 29.0 30.2

TRP 1 414 D118 GMS 5 22.9 49.7

TRP 1 414 D118 GMS 10 22.0 42.4

TRP 2 473 D116 - - 16.8 41.8

TRP 2 473 D116 Sucrose 1 25.5 39.0

TRP 2 473 D116 GMS 5 28.8 50.6

TRP 2 473 D116 GMS 10 25.9 53.9

The addition of sucrose as pore former resulted in an irregular spray cone and valve blockages
and was therefore not further investigatéidure 3-1 depicts SEM images of triglyceridsmsed
microparticles loaded with TRMicroparticles showed an overall smooth surface with small
crystals. Crossections confirmed a dense, compact matrix without noticeable cavities. The

incorporated TRP could not besuialized in contrast to other research2gg [40].

Figure 3-1: SEM images of TR#baded microparticles (D116: A, 118 + 1% sucrose: B, E,
D118+5 % GMS: C, F)

ASP lyophilisate could not be incorporated into spray congealed microparticles. Upon
homogenization using Ultraturrathe viscosity of the melt increased substantially and could
not be sprayed. For this reason, all other batches were prepared using cryomilled ASP. These

formulationscould be spray congealed successfullgle3-2).
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High yield of approx. 506 were obtained for D116 with addition of 5 andA%SA achieving
values of 5@% usable product. Span 65 and 85 caused a decrease in yield. With addition of the
low melting triglyceide D112 only 106 product wasobtained. This effect was less
pronounced when combinations of D112 WBMS were used. The highest product yield was
achieved with addition of 2% PEG24 GS. Particle size was exemplarily measured for
triglyceride particles with addition of twiatermediateand one very lipophilic emulsifiers. A
slightly higher particle size was observed with the use of emulsifiers with lowest HLB values
(Span85, HLB 1.8[41]) as well as the production with pure triglycerides. Using emulsifiers
with higher HLB values (8an40 and 65), particle size slightly decreased indicating a more
ineffective drug encapsulatiga2] [43].
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Table 3-2: Overview 0f1.67% ASPloaded microparticle batches{solid, | = liquid, ss= semisolid);
Threeemulsifieswith different HLB values were investigated concerning particle size exemplarily (data
shown mean and SD,m3)

Triglyceride Excipient [%6] Yield [%] Mean particle
size [um]

D116 GMS (s) 5 37.0 -

D116 GMS (s) 10 51.9 -

D116 GMS (s) 15 % 38.1 -

D116 CSA (s) 5 50.5 -

D116 CSA (s) 15 50.3 -

D116 Span 40 (s) 5 44.3 42.7 (£ 1.6)

D116 Span 40 (s) 10 48.1 33.3(x1.1)

D116 Span 40 (s) 20 43.7 -

D116 Span 65 (s) 5 28.9 25.0 £ 1.6)

D116 Span 65 (s) 10 43.9 32.4 (x2.3)

D116 Span 65 (s) 20 42.2 21.0 (x1.9)

D116 Span 85 (1) 2 7.6 84.6 ¢ 5.0)

D116 Span 85 (1) 5 23.9 62.5 (+ 12.9)

D116 Span 85 (1) 10 20.4 65.8 (+ 27.7)

D116 PEG24 GS (ss) 0.7 26.3 -

D116 PEG24 GS (ss) 10 48.8 -

D116 PEG24 GS (ss) 20% 74.3 -

D116 D112 (s) 10 10.4 69.6 & 3.2)

D116 GMS/D112 (s/s) 10/5 40.4 -

D116 GMS/D112 (s/s) 10/10 42.9 -

D114 GMS/D112 (s/s) 10/5 39.3 -

D114 GMS/D112 (s/s) 10/10 50.3 -

3.4.2 Invitro release behavior of TRFloaded microparticles

Figure 3-2 shows the release profiles of TRP from pure triglyceride microspheres and with 5
or 10% GMS. Pure triglyceride microparticles showed a very low initial burst rel€d<)

within the fird day, which was also stated by other researchers when investigating peptide and
protein release from triglyceride microparticles and cylin§@jr$44]. A high amount of drug
remained inside the particles and the total released drug after three weeks was @hMithS

addition of 5 % GMS to D116 the burst release increased to appré&.Agontinuous release
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phase followed until day 20 reachia§ % total release. With 1@ GMS, 40% of incorporated

TRP was released within the first day of the study and a steady release which slowed down after
approximately one week followed. The incorporated TRP was almost completely released.
McCarron and cavorkers also found enhanced release rates for lipid particles in combination

with emulsifierg45]. Penetration appears to be enhanced with the heghelsifier content.
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Figure 3-2: Release of TRP from D116 (A) and D118 (B) microparticles without and with 5% 10
GMS in PBS pH 7.4 (mean ai®&D, n=3)

Particles based on pure D118 exhibited an initial TRP burst of less tfamah8 total drug
release of approx. Z&. Addition of 5% GMS resulted in a higher burst of around%0
followed by further release ofB0% until day 6. In total, alut 50% of TRP was released.
With 10% GMS, the initial burst was low, followed by a lag time until day 10 and a continuous
release phase until day 24. The total amount of drug released WasTte incomplete drug
release might be due to, on the onedham insufficient emulsifier concentration to facilitate
the penetration of medium into the core of the particle or the adsorption to the lipid in solution
[8] [46]. Incorporation of cholesterol and merw diglycerideshas been described as suitable
means to tailor release kinetics from triglyceride matrif@8 [47]. The concentration
dependent emulsifier effect was also shown by other researchers who found enhanced release
of hydrophilic drugs, like diclofengd89]. Thus, the release can be adapted by the addition of a
W/O surfactant.

3.4.3 Influence of lipase addition to the release medium on TRP release
Lipases are preseint a variety of organs of the mammalian body and digest lipids typically by
cleaving fatty acids from the triglyceride backb@4&]. The activity in the human body differs
depending on the organ and is reported to be 0.01 U/ml in serum and subcutar{@8lisifat
this study, the lipase concentration was set ai/Al to see the effect during the @ay-study
periodmore clearly
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Figure 3-3: Release of TRP from D116 (A) and D118 (B) microparticles with 0, 5 afdd GMS in
PBS pH 7.4 containing 40/ml lipase (mean and SD,m3)

Lipase addition resulted in slightly enhanced drug release from-Bddéd microparticles
(Figure 3-3). Compared to the release in PBS buffer, thetbues increased by aboud %

and a continuous release coblel monitored until day 11. In total, 26 of incorporated drug

were released, approximately #more than in absence of lipase. For D116 particles with
GMS, a general trend to a faster release could not be stated. Slightly enhanced release profiles
could be observed regarding the pure triglyceride formulation and the combination %ith 5
GMS. The most pronounced effect was noticed for microparticles formed with@GMS. A

burst of 40% was followed by a continuous drug release until the end of the nmexhiine.

The addition of higher amounts of monostearates enhanced the digestion. Surface structure was
affected by the presence of lipaseglre 3-4). Whereas microparticles in absence of lipase

kept the initially observed smooth surface with slightly increased roughness potentially due to
swelling [26], particle surface became uneven with larger flaky strucfdidsand a more

porous surfacg33] [49] in presence of lipase. Keeping the lipase activity in the body in mind,

the effect of lipase in vivo is most likely only minimal.
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L] !
SEI 1.5k X900 10pm WD 10.6mm 1.5kV X900 10pm WD 10.Tmm

Figure 3-4: D118+ 5% GMSbasedmicroparticles after -8veeks incubation in PBS pH 7.4 without
lipase (A) and with 4Q/ml lipase (B)

3.4.4 Evaluation of lipid composition and additive concentration on in vitro release
behavior of ASP from lipid-based microparticles

In addition to the releassf TRP, particles containing thepeptide ASP were testeBligure

3-5 shows selected ASP release profiles. Specifically, the influence of surfaasargease

modifiers has been studi¢8l0]. Vilivalam and Adeyeye showed, that the addition of stearic

acid led toan enhanced release of dicloferfismn waxy microspheref89]. Furthermore, the

hydrophilic and Ipophilic properties of the drugfluence the abilityto be released from the

matrix. More hydrophilic drugs are dissolved easier out of a lipid matrix than more lipophilic

ones[20]. We studied the effect of both W/O or OMkhulsifiers on the ftease behavior.
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Figure 3-5: Release of ASP from D114 and D116 microparticles blended with emulsifying additives
and/or low melting triglycerides in PBS pH 7.4 (mean and SB3n

The addition of GMS to D116 did not result in an improved relpesi#e but only a burst of
15-25 % without further release. The use of CSA with a lower HLB value showed a comparable
effect at both tested concentrations as a sustained release profile could not be obtained. To
achieve a more complete ASP release, coatlins of GMS and D112 were tested using the
base lipids D116 and D114. Again, the desired profile could not be obt&B&R4 GS, an

O/W emulsifier, led to a more complete drug release at higher concentrations, but did not render
a sustained release fite. Khan and cewvorkers investigated the Geluciréamily, consisting

of glycerides in combination with PEEsters. Depending on the composition, a swelling and

enhanced water penetration could be achieved leading to a faster drug[Edlpase
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Most promising results could be obtained with the use of sorbitan fatty acid esters. Span 40,
with an HLB value of 6.741], resulted in promising profiles with a release up ta 1hen

added in concentrations of 5 and%@o D116. 5 and 1% Span 85, with an HLB value of 1.8

[41] rendered a sustained release profile ford1®ith an initial burst of 15 and 3@
respectively for the 5 and 26-addition. Thus, with ASP as model compound, no adequate
release profile ovet5d could be achieved. Comparing the TRP and ASP release profiles led
to the assumption, that the release behavior of-B-Fhe] is hard to predict. Drug properties
appear to play an important role. Having been able to find the required releaseysiafile

TRP in a triglyceride formulation using GMS, this approach seemed most suitable for
G [6-D-Phe]. An addition of Span 40 and 85 could form a promising base for further

development.

3.5 Conclusion

The spray congealing process was determined as suitatilectiom process for the preparation

of TRP- and ASPRloaded microparticles. In general, microparticles with a spherical shape and
smooth surface could be produced. Variation of process parameters did not result in pronounced
changes regarding yield and pelg size, confirming an adequate robustness of the process.
Exclusive use of triglycerides D116 and D118 did not result in adequate release profiles, as a
preferably low burst was not followed by a sustained release. With addition of 5 &&n G5

to D116 and D118, release profiles over@0ould be obtained for TRP. The addition of lipases

to the release medium led to a slightly accelerated and more complete release, but the enzymatic
degradation is expected to have little influence in vivo. None dfested formulations using

ASP as model substance showed the aspired release profile. In most of the cases, a continuous
release could not be observed. Formulations which could provide a springboard for the
following study using G [@-Phe] could be basexh D116 and D118 with 1% GMS.
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4 OPTIMIZATION OF THE SPRAY CONGEALING PROCESS WITH
FOCUS ONYIELD AND DRUG LOAD

Parts of this chapter anetended for publication

Data shown in this chapter was collectedlay Uwe Kraft during his Bachelor thesis entitled

AOptimization of the spray con2&ali ng proce
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4.1 Abstract

The spray congealing process was evaluated concerning material loss, yield, particle size of
different fractions deposited in the spray dryer and drug load wespgrtame as model
substance. The apparatus settings spray flow, aspirator power, melt tenepend installation

of an additional stirrer were varied. Viscosities of lipid melts were determined using a rotational
viscometer. Viscosity was mainly influenced by the temperature of the melt and only marginally
by the lipid composition. At a sprayoflv of 414l/h, a product yield of approximately 25
resulted with substantial material loss in the spray tower and the melt container. Other
components like higiperformance cyclone, filter and connection between spray tower and
cyclone were not identifae as critical parts. Increasing the spray flow to BBXIesulted in
higher product yield of approx. 46 whereas a decrease in spray flow to [3®&nd a reduction

of the aspirator capacity reduced the yield. Melt temperature reduction (yield appfé¥. 40
and installation of a stirrer within the sample container (yield apprd%)3tad positive effects

on product yield. Mean particle size changed with spray flow, from 70I{80bver 45
(4141/h) to 20.7um (601l/h). Highest encapsulation efficieesi in the product could be
achieved with reduction of the spray flow to 301, as well as with the reduction of the melt

temperature from 90 to 7&.

4.2 Introduction

The spray congealing process is a widely used techsigjtegblefor encapsulation of drugs

[1]7 [3]. Having been able to develop a method suitable for the encapsulation of the amino acid
tryptophan as well as the mkptide apartame, the process and influencing parameterddsh

be further investigated. A lot of experimental data and knowledge is available on the influence
of different nozzle types on the process and the product, but only little research has been done
with the focus on yield distribution and material 1Y% [7]. Particle size is typicallyfluenced

by spray flow and temperature difference between the melt and {8vén general, for the

spray congealing process rather high yieldsreperted[4], [9]i[11]. Additionally, the drug

load depends on the apparatus settings. In general it is stated, that a faster solidification of
microparticles leads to a desirably high entrapment efficigtiz}{13].

This chapter deals with the adjustment of the process with focus on the reduction of material
loss, improvement of yield,lomogenous drug distribution within the melt, as well as particle

sizes adequate for veterinary i.m. injection.
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4.3 Materials and Methods

4.3.1 Materials

Triglycerides Dynasan 114rimyristin, D114) and Dynasan 11@ripalmitin, D116) were

kindly provided from Cemer Oleo (Witten, Germany)spartame (ASP) was purchased from
Sandoz AG (Nuremberg, Germany). Glycerol monostearate (GMS) with a monoester content
of 40-55% was supplied from Caelo (Caegatoretz GmbH, Hilden, Germany). Colloidal
silicium dioxide (Aerosil®) was purchased from Evonik (Hanau, Germany). Sorbitan
monopalmitate (fan 40) was purchased from Croda (Nettet@ermany). Polysorbate 20
(PS20) was supplied frorMerck KGaA Qarmstadt, Germany). All other chemicals were of

analytical grade.

4.3.2 Cryogenic milling of ASP

ASP was blended with 0% of colloidal silicium dioxide prior to being loaded into stainless
steel milling beakers of the Cryomill (Ret§cfiechnologies GmbH, Haan, Germany). The
powder was milled using two stainless steel milling ballth a diameter of 18hm. A
precooling time of 10 min at 5 Hz was followed by the actual milling step %o ghin at

20 Hz.

4.3.3 Preparation of triglyceride -basedmicroparticles by spray congealing

Lipid components wereelted on a hot platd 00 mg (0.836 drug load) or 200ng (1.67%
drug load ASP were added and homogenized usingX0 Dasic Ultraturrax (IKA, Staufen,
Germany) for 2min (total batch volume 1§). The melt was transferreitito the sample
container ofthe B-290 Mini spray dyer with additional spraxhilling setup (Btichi, Flawil,
Switzerland), which was preonditionedfor 1.5 hours prior to the production stégample
container75-90°C, spray tower 18C), monitored with a PeakTech infrared thermometer
(PeakTech Prafund Messgechnik GmbHAhrensburg, Germanyf modified nozzle with an
innerdiameter of 2.5nmwas used to avoid nozzle blockagelse Tonnecting passage between
sample container and nozzkas heated with a resistance wiasedheatingto 70°C. The
spray towemwas fed with precooled air producedia an additional dehumidifier Deltathefm
LT (Deltathern® Hirmer GmbH, Much, Germany). The lipid melt was sprayed using nitrogen
at apressuref 6 bar.A high-performance cyclone was ustedseparate the micropartisle
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4.3.4 Determination of material distribution in the spray dryer

The formulation D116 + 5 Span40 with an ASP load of 0.8% was sprayed as described in
4.3.3 After the manufacturing process, the dryer was dismounted and the solidified material
removed using a flexible sofulbber scraper. Higherformancecyclone and filter were

weighed before and after the experiment. Sampling points are depi€tigmina 4-1.

Figure 4-1: Schematic planf thespray dryerParticles were sampled@f) sample containef2) spray
tower, (3) spray tower vessdld) connection(5) high-performance cyclon€6) product container and
(7) filter

4.3.5 Determination of particle size

Approximately 20mg of micioparticles were suspended inh0of an aqueous solution of
0.02% PS20and analyzed using the laser diffraction syskbonibaParticaLA-950 (Horiba,

Kyoto, Japan).

4.3.6 Determination of encapsulation efficiency

Depending on theoretical drug load, &0100mg microparticles were dissolved in Irld of
methylene chloride and the same amount of water was added. The tubes were incubated
overnight on a horizontal shaker GBQ31 (Gesellschaffiir Labortechnik, Burgwedel,
Germany) at a temperature of 39 at 60rpm. Each sample was extracted in triplicate and
measured using an Agilent Spectrophotometer 8453 (Agilent Technologies, Santa, Clara, CA,
USA) at a wavelength of 258n [14].
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4.3.7 Determination of lipid-melt viscosities

An MCR 100 rheometer (Physica, Anton Paar, Ostfildern, Germany) was used for
determination of viscosity of the melt using the cone/plate method and tHsO AP
measurement system at a Idtanic shear rate from-100 st. The plate was preheated at the

desired temperature of 75 or 90.
4.4 Results and Discussion

4.4.1 Viscosity of the lipid melt

The viscosity of lipid melts can have an influeoocghe properties of the spray congealed solid
lipid microparticles and the procefd [9] [15]. In particular particle size of the generated
sphereg$4] [16], yield[9] and their time for solidificatiofiL7] are affected. Recently, Wong et

al. investigated the temperattatependent viscosity of lipids suitable for spray congealing, and
revealed that viscosity of the melt decreases up to a ceei@perature, above which the
viscosity does not decrease any more with furtieating[15]. Furthermore, the viscosity of
triglyceride melts increases with longer side chdit®]. Consequently, the viscosities of
differently formulated lipid melts at 75 and 90 were tested. D114 and DZtbésed
formulations with addition of 0% GMS and $an40 showed viscositielsetween 10 and
25mPas measured at 9C. With temperature reduction to 76 the viscosity slightly
increased to 3mMPas Figure 4-2), according to terature[15] [19]. When spraying was
performed under a certain temperature, an increase in particle size upon spray congealing can
be obsered [15]. Fomulation effects on the melt viscosity were not detectable during our
experiments. Higher viscosities compared to pure lipid melts, as well as shear thinning are
reported in literature for lipid suspensidgs].
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Figure 4-2: Viscosity ofdrugfree lipid melts (D11&ndD114) with emulsifiers at 90C and 75°C at

ashear rate of 1’'s(Mean and SD, r 2)
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4.4.2 Yield distribution and material loss during the spray congealing process

Due to low yields of 20 to 5% in the previously performed spray congealing experiments, it
was necessary to evaluate where the high material loss occurred. Other researchers reported
yields of over 900 with the use of spray congeali@ [9] [21]. With the standard condins

(inlet temperature 90C, spray pressure 6 bar, aspirator ¥0spray flow 414/h) a yield of

26 % was exemplarily achieved during implementation of our spray congealing priéicess (

4-3 A). Highest material loss occurred in the spray tower itsel#9vhereas only % ended
directly in the spray tower vessel. The material found in the tower was not completely solidified
when getting in contact with the glassware. Another critical parngaterial loss is the sample
container. Having a plane bottom and being construed for volumes of up tol 322}, the
container is prone for residual melt remaining inside when working witiller batches. All

other parts, like the connection, the higgrformance cyclone, as well as the filter did not have

a critical influence on material loss. A low material loss indelonewas also reported by
Scott et al[6].

The aspirator, generally responsible for drying of particles, is known to influence total batch
yield in spray drying[23] [24]. The speedvith which the droplets follow the airstream
determines their contact time with the tempered air and thus the drying or solidifi@atjon
Reduction of aspirator power from 100 to%0ed to a marginally reduced yield as observed
with spraydried insulin[26]. The material found in the spray tower was reduced t%,36
whereas the particle amount found in the spray tower vessel increased. Obvioustydkd re
aspirator force enabled a more effective solidification in the tower. Thus, the amount usually
found in the spray tower was transferred to the spray tower vessel, also confirming the theory
of a more effective solidification. Other parts of the sghaper were only of minor importance
(Figure 4-3 B).
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Figure 4-3: Material distribution after spragongealing experiments using standard condsti@pray
flow 4011/h, aspirator 100 %, 90C) (A), reduced aspirator power of 70 % (Biduced spray flow of
301 I/h (C), increased spraydiv of 601 I/h (D) melt temperature 78 (E) and installation of an
additional stirrer (F)ii Ot h iactudesfilter, high-performance cyclonand connection tube between

tower and higkperformance cyclone
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An important factor in both spray drying and congealing is the spray flow, responsible for the
effectiveness in atomizatiof27]. Reduction of sprayflow to 301l/h led to a remarkable
reduction inproductyield (Figure 4-3). Material loss in the spragwerwasincreased tabout

60 %, whereasnore than 86 of the powdemwerefound in the spray tower vessindicating

the formation of larger droplets and incomplete solidificatAlso, a high amount ofresidual

lipid materialwas foundin the sample containeApplication of highe spray flow of6011/h
resulted in an increasedagluct yield of 43%. Compared to standard conditions, the material
lost in the spray tower was reducedfiproximately6 % andabout 16% of the materiatould
becollected from the spray tower vesstlrprisingly, gain ahigh residual melt could be found

in the sample containefA higher spray flow causes the formation of smaller droplets, which
solidify more rapidly{9] [28]. Reduction bspray flow led to larger spheres, which could be
responsible for lower yields, due to insufficient hardening and collision with the tower wall.
Furthermore, larger spheres generated at lower spray flow valyasotbeable to follow the

air streanf29].

Another approach to influence spray propertisghe modification ofthe melt viscosity by
changing theemperaturéFigure 4-3 E) [4] [15]. A higher product yield of #% was reached
with a reduction of the melt temperatdrem 90 to 75°C. The amountcollectedin the spray
tower could be reduced &pprox.6 %, due to a more effective solidification, as the temperature
differencebetween liquid and solidtate of thdipid was reduced. This also caused a higher
amount of solidified product in the spray tower vessel. As a downside, a higher avhount

residual melof about27.35% resulted

For an effective and homogenous spray congealing process an additional géwire was
installed. Thestirrerled to an increase iproduct yieldto about51 %. Moreover, the material
lost in the spray tower coulok reduced tapprox.9 %, whereas thenaterial collected in the
spraytower vessel wamcreased to abo®l %. Theresidual melt could be minimizdxy the

stirrerto approx.6 %, as less material gathered at the sample container.

The tested parameters showed that material loss in spray congealing was sensitive to production
parameters. Substantial loss of material ddag noticed in the spray tower, as well as in the
sample container. The most positive effect resulted from an increase of spray flowlto 601

and the installation of an additional stirrer.
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4.4.3 Investigations on particle size of drugoaded particles

Particle size is another critical parameter in the development of a spray congealing process. The
size of the generated spheres affects drug release and encapsulation [&3481}. For this

reason, particle fractions from the spray tower, spoaser vessel and product container were

collected and analyzed for mean particle siagure 4-4).
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Figure 4-4: Mean patrticle size of samplesllectedin the product container (A), spray tower vessel (B)
and spray tower (Cptandard settings were definesispray flow 414h, spray pressure 6 bar, aspirator
100%, melt temperature ST (blad arrows)

Most important was the particle size of the product. The largest partt@ésim) were formed

at a reduced spray flow of 30h. When applying standaspray flow of 414/h the achieved
particles were about 45m in diameter. Increase of spray flow to 80iled to reduction of the
particle size to approx. 38n. This effect was reported for both spray drying and spray
congealing processg9] [27] [32] [33]. Besides the product, also the particles found in the
spray tower and the spray tower vessel were affected by the spray flow, with larger particles
found at a reduced spréow. The reduction of aspirator power affected the size of the particles
collected in the product and spray tower vessel only margjrialigontrast to Esposito et al.
during spray drying. Aemarkable increase in size of the particles from the towsmobserved.
These observatiomsightbe explained by a longer residence time in the airstream, which allow

the solidification of larger droplef&5]. Thus, a possible reduced deposition of droplets on the
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chamber wall can be achieved. Nevertheless, product size was barely affected. Generally, the
product showed a smaller diameter compared to fractions collected in the spray tower and spray
towervessel. Due to their bigger size, particles were not able to follow the airstream and were

deposited in the spray tower vessel.

A reduction of the melt temperature did not lead to an increase in particle size of the product,
but the particle size of mataticollected from both the spray tower and the spray tower vessel

was substantially reduced to under 100 pm.

The installabn of an additional stirreslightly reduced the product particle size to approx.
30um. Particles collected in the spray tower shdveereduced particle size, whereas the
particles in the spray tower vessel wémeger. These findings indicatbat the additional

vibration of the stirrer caude slightly inhomogeneous atomization.
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4.4.4 Evaluation of drug distribution and encapsulation eficiency

Ideally, the final product should show an encapsulation efficiency o#d.G0ommonly, high
encapsulation efficiencies are reported for spray congealed delivery systems, especially in
comparison to emulsiebased methods, where problems in drugagsulation occur due to
migration into the aqueous phg8¢[11] [34] [35].
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Figure 4-5: Drug load of collected sampldsom the product container (A), spray tower (B) and spray
tower vessel (C)Standard settings were defined as spray #dwl/h, spraypressure 6 bar spirator
100%, melt emperature 90C (black arrows)

The application of standard conditiofsgure 4-5 A) led to an encapsulation efficiency of 38

in the productind higher values of 460 % were obtained in the spray tower and spray tower
vessel. Reducing the spray flow to 301resultedin a considerable increase in drug load to

80 %, which might go in accordance with the simultaneous increase in particle size, possibly
enabling a better encapsulatif81] [36]. Spheres collected from the sprayver and vessel

were not affected. Applying a spray flow of 601 reduced the drug load in all sampled
fractions. The reduction of aspirator capacity to 70 ofB@espectively, affected drug

encapsulation only marginally.
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Melt temperatureeduction to75instead of 90C increased the loading efficiency compared
to standard conditions in the product as well as in the material collected in the spray tower
vessel and the spray tower. The expectation of achieving better results with the installation of

anadditional stirrer were not fulfilled, all three fractions showed drug loads bel&&. 40

In brief, with variation of apparatus settingiswas possible to influence particle size and
encapsulation efficiency to a certain extent. Generally, the spray alonggerocess can be
regarded as complex process, with a variety of parameters having an influence. The reduction
of spray flow was a suitable means to increase particle size, which also had positive effects on
the encapsulation efficiency. On the othendhaan increase of spray flow affected the drug
content negatively, due to the decreased particle size. Acceptable results concerning particle
size and encapsulation efficiencies could be reached with the reduction of the melt temperature.
Particle size mmained constant with slightly enhanced encapsulation efficiencies in all sampled
fractions. The installation of a vibrating stirrer led to opposite effects as expected, as an
inhomogeneous atomization resulted and the product showed less encapsulatdhealrug.

aspirator capacity did not affect the particle size and encapsulation efficiency substantially.
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4.5 Conclusion

The spray congealing process was investigated concerning yield and material distribution,
particle size and encapsulation efficiency. The ipatars spray flow, aspirator power, melt
temperature, as well as the influence of an additional stirring device were evaluated. Our
investigations showed, that the highest material loss can be found in the spray tower, spray
tower vessel as well as in tlsample container. Filter, high performance cyclone and the
connection between tower and cyclone were not evaluated as critical parts for material loss.
The most pronounced effect on yield of the useable product could be determined by the increase
of the spay flow to 601 I/h and by the melt temperature reduction tt&C7/ Al other variations

led to lower yields and a higher material loss. Evaluating particle size of the product, the
variation of spray flow was determined as the most influencing factog. dstribution, which

was an issue during previously performed experiments, could be improved by the reduction of
melt temperature to 7%, as well as the reduction of spray flow. Viscosity measurements
revealed, that the melt temperature was the maifluancing factor, indicating that the
decrease in melt temperature to °@5resulted in increased viscosity. Overall, the spray
congealing process is influenced by a variety of parameters. Our results showed, that an increase
in particle size is going hdnin hand with a better encapsulation efficiency, which can be
achieved by the reduction of spray flow. The increase in spray flow implemented the formation
of smaller particles with considerably lower drug loadings. Increasing viscosity by the means
of temperature reduction increased encapsulation efficiency due to faster solidification. Thus,

a compromise needs to be found to assure an acceptable drug loading and process yields.
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5 |INCORPORATION OF GONADORELIN [6-D-PHE] INTO SPRAY
CONGEALED SOLID LIPID MICROPARTICLES AND EVALUATION

OF RELEASE M ECHANISMS

This chapter is intended for publication
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5.1 Abstract

The decapeptideogadorelin [6D-Phe] was incorporated into spray congealed microparticles
consisting of triglycerides of different chain lengths. As a continuous release in the desired time
frame of 15d cauld not be achieved with the exclusive use @fiyierides, different additives

like GMS, CSA and Spans were applied to modify the release behavior. To investigate the
underlying mechanisms influencing the release profile, polymorphic behavior, surface
morphologyand wettability,as well as water uptake were investigated. Crystallization of the

U o r -forin and entrance of water were determined to be influenced by the emulsifier type and
its concentrationWettability of lipid surfaces was low regardingrputriglycerides and was
increased when surfactants, especially monoglycerides, were added to the formulation. SEM
images showed a particle breakdown upon incubation when liquid emulsifiers were used. It was
possible to achieve a sustained release fon@l222d with the addition of 1806 GMS to D116

and D118. Release duration of @@vas obtained with the addition o6 Span40 to D114.

Thus, twoformulations for subsequent wmivo studies in swine could be identified. The
challenge of a high burst releagould be minimized by suspending the particles in a

thermosensitive poloxaméiased gel.
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5.2 Introduction

Thetreatment withpeptidesor proteins ften comes with frequent injectiofd]i [4]. This can

be a problem and limitation for application in human and as well veterinary medicine, due to
compliance, efforts and cost issues compared to orally applied small molecule drugs. To
circumvent these problems, sustained release systems for pepittiproteins are sought after
[5]1[12].

One example for an immediate releasbigpharmaceutical formulation in veterinary use is
Virbager? Omega (Virbac), delivering interferon omega for the feline immunodeficiency virus
(FIV) and feline leukemia virus (FeLV) in cats, as well as parvovirus in §bgjs[16].
FurthermoreGnRHanalogues are currently used for induction of ovulation in swine, cattle and
mares[17]i [20]. Gonadorelin [6D-Phe] (G [6-D-Phe]) active compound in Gona@&teyx

(Veyx Pharma GmbH) with a molecular weight of 1@4) is a GhRH (LHRH) agonist with

a higher affinity to GnRH receptof1]i[24]. Other commonly used GnRH dogues for

estus ontrol are liserelin (Receptd) MSD Animal Health]25] [26], lecirelin (Dalmareliff,

Fatro) [27] and forelin (Mapreliff, Veyx Pharma GmbH]28]. Besides the veterinary
importance, GNRH analogues are used in several indications in humans, for example breast and

prostate cancer, endometriosis and feytdisorder429] [30].

In 1985, one approach for a sustndelivery was the application of nafarelinsubstance
relatedto GnRHI for estrus suppression in female dogs an osmotic pump syste[h?2].
Current, sustained release delivery sys used in veterinary medicine are injectable
suspensions, solid implants;situ forming implants and microparticles mostly based on lipid
compoundg12] [31] [32] [33]. Lipid excipients inherit several advantages compared to other

polymers, as biodegradability, high biocompatibility and low cfst$[35].

The lipic-based implant Suprelofir(Virbac), containing deslorelin acetate, is approved for the
noninvasive castration in male dof36] [37]. The implant consists mainly of hydrogenated
palm oil and is biodegradable, which omits surgical rem@#! Besides the use in male dogs,
a deslorelircontainingimplantwas also testeh female dog$36] andwas able to achieve a

suppession of estrus fd&7 monthgd38].

Estrogen and progestercloaded, polymebased microparticles have lneavestigatedn
terms of estrs synchronization in maref89]. Additionally, ProHeaft6 (Zoetis) is a

microparticular delivery system based on tristearin for the antibiotic substance moxidectin,
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which has the FDA approval in the USA and provideswo@th protection against the canine
heartworm diseaqd@2] [40] [41].

Consequently, we developed an injectable sustained release system based on triglyceride
microparticles for G [@-Phe] via spray congealingh® incoporation of the drug @&-D-Phe]

and the adaption of the process was the focus oitbris. Additionally, the invitro release of

G [6-D-Phe] was to be investigated to achieve a sustained releasdévay weeks suitable for

estus synchronization in swa{42]. In order to understand the underlying release mechanism,

lipid polymorphism, surface wettability and water uptalerevevaluated.
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5.3 Materials and Methods

5.3.1 Materials

Lyophilized G [6-D-Phe]was donated by Veyx Pharma GmbH (Schwarzenborn, Germany).
Triglycerides Dynasaf14 (trimyristin, D114), Dynasan 116 (tripalmitin, D116) dyhasan
118 tristearin,D118) were kind} provided from Cremer Oleo (Witten, Germany). Glycerol
monostearatd GMS) with a monoester content of 5% was purchased from Caelo
(Caesa& Loretz, Hilden Germany).Cetylstearyl alohol (CSA,Lanett€ O) was purchased
from BASF (udwigshafen, Germanygpan40, 60, 80, 85 were kindly provided from Croda
(Nettetal, Germany)Poloxamer 407 and ydranaf for Karl-Fischer titratiorwere purchased
from SigmaAldrich (Taufkirchen, GermanyUltrapure deionized water with awductivityof
less than 0.05aS/cm (Milli-Q Water systemsMlillipore, MA, USA) was usedhroughout all
experimentsCentrifuge tubes were purchased from VWernational GmbHDarmstadt,
Germany. Visking dialysis tubings with a diameter of Iném and a cubff of 12-14 kDafor
performance of releaseuslies were sourced froi8erva Electrophoresis GmbHédidelberg,

Germany)All other chemicals were of analytical grade.

5.3.2 Cryogenic milling of G [6-D-Phe]

G [6-D-Phe] was milled using a Ret§tB8ryomill (Retsch Technalgy, Haan, Germany)

equipped with twastainlesssteel milling balls (diameter 1@m) with a precooling time of

10 min at 5Hz followedby the actual milling step of éin at 20Hz. The obtained powder was

aliquoted under nitrogen atmosphere.

5.3.3 Preparation of G [6-D-Phe}loaded microparticles by spraycongealing

Lipid compounds wremelted on a hot plate at 9C, the peptide was added amamogenized
using a F10 basic Ultraturrax (IKA Laboratory Technology, Staufen, Germany) for 2/in.
BilichiB-290 Mini spray dyer (Buchi, Flawil, Switzerlandyvith additional spray chilling setup,
waspre-conditionedor 1.5 hours prioto the production step (sample containef©AL10°C,
spray tower 1315 °C). Additional equipment consisted of a sample doetasurrounded by a
polyethylene glycolREG 400bath. The connection between sample container and nozzle was
heated externally by a resistance wiased heating to approximately 0. The spray tower
was fed with precooled air produced by an additandehumidifier Deltatherfh LT
(Deltahern® Hirmer GmbH, Much, Germany)The lipid melt wasfilled into the sample
container andprayed using nitrogeand a modified nozzle with a channel diameter oh2%

using he following apparatus settings:
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Spray parameter Value

Spray pressure [bar] 6

Aspirator power [%] 100

Valve opening [turns] 1.251.5

Temperature oil bath €] 90 (D114, D116), 110 (D118)
Inlet temperatur [°C] 1317

Pressure filter [mbar] 92

Spray flow [I/h] 414

All producedmicroparticle batches had a theoretical drug loading o¥il.8

5.3.4 Determination of particle size

20 mg of micioparticles were suspended inh0of an aqueous solution @.02% PS20 and

measured with the laser diffraction systeleribaParticaLA-950 (Horiba, Kyoto, Japan).

5.3.5 Investigations on polymorphic behavior using differential scanning calorimetry
(DSC)

Microparticles, triglycerides and lipid mixtures were analyzsthg a Mettler DSC Ble
(Mettler Toledo, Columbus, OQHUSA). 5-15mg sample wereweighed io aluminum
crucibles and analyzeataheating and cooling rate of Xdmin between 0C to 110°C in two

cycles Incubated particles were dried on a4irge cloth for 1h at room temperature.

5.3.6 X-Ray powder diffraction (XRPD) of lipid microparti cles

XRPD measurements were conducted with 2 different systems:

1 Small sample quantities were analyzed witRANalytical Empyrean (PANalytical,
Al mel o, the Netherlands) equipped with a
2=0.154 nm) and a P1Xcel3Betector betweeh to 50° 2-Theta withastepof 0.039°.

1 To analyze multiple samples and to benefit from an autosampler, samples were scanned
between 10 and 402-Theta ata step size of 0.05 with a XRD 3000 TT (Seifert,
Ahrersburg, Germany) equippedi t h a copper nmMokd,80nAp= 0. :
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5.3.7 Karl -Fischertitration

10mg microparticles were weighed intoR2glass vials, closed with rubber stoppers and
analyzed with an Aqua 40.00 titrator (Analytik Jena, Jena, Germany) with a headspace module
at 100°C. The analysis of incubated particles in PBS was performed after drying offradint

cloth for 1h at room temperature.

5.3.8 Characterization of particle morphology using scanning electron microscopy
(SEM)

A Jeol JSM 6504 SEM (Jeol, Tokyo, Japanyas used for SENImages at a voltagef 2 kV.
Microparticles were fixed on aluminum sample holders with bladyble adhesive tape
(Plano, Wetzlar, Germangnd analyzed without an additional graphite coating. After release
studies particles werevashedfive times and dried for 4B in avacuum dryer (Memmert
GmbH Schwabach, Germany) at har and 25C.

5.3.9 Contact-angle measurements for pediction of lipid surface wettability

Contact angle measurements were performed using the Kriss Drop Shape AnalyZ%s DS
(Kruss, Hamburg, Germany).5 g oflipid componentsveremeltedat 80°C, poured onto glass
microscopy slides antboled for solidificationA drop volume of 2ul waterwasplaced on the
lipid surface at speed of inl/s. Measurements were performadriplicate after a wait time

of 20s (mean values of left and right contact angle). The ellipsgentl fit was used for

calculation of contact angles.

5.3.10 Determination of drug-content using RRHPLC after extraction

20mg microparticles weraveighed into 30ml-centrifuge tubes, dissolved in 210l of
methylene chlorideand the same amount wfater was added The tubes werglaced on a
horizontal shaking incubator GRA031 (Gesellschaftir Labortechnik Burgwedel, Germany)
at 39°C for 12h. Samplesof 1 ml weretaken from thewvater phase and analyzed using RP
HPLC. Extractions were performed in triplicate. RFPLC analysis was performed using an
Agilent RRHPLC system (Agilent, Santa C&ICA, USA), supplied with a 250 x 4n6m Luna

(5 um) C-8 column(PhenomenexAschaffenburg, Germanyand aSecurityGuard KJG4282
C-8 pre-column(5 pum) (Phenomenexschaffenburg, GermafyColumns were maintained at

40 °C using the following gradient:

78



CHAPTERFIVE

Time [min] A [%] B [%]
0 65 35
1 65 35
21 65 35
22 10 90
26 10 90
35 65 35

Mobile Phase A 1000ml highly purified water + Inl trifluoracetic acid
Mobile Phase B 800g Acetontrile + 200g water + 1.2nl trifluoracetic acid

5.3.11 In vitro release behavior ofG [6-D-Phe] from lipid microparticles

Approximately 50mg of microparticleswere transferred into dialysis tubing2.0ml of
phosphatéuffered saline®BS pH 7.4 preserved with 0.0% NaNs were added, followed by
the addition of glass balls which served as additional weightclbisedtubings were placed
in 50ml centrifugetubes, 15m PBS were added andhcubated on a horizontal shaking
incubatorat 39°C and 60 rpm. When poloxamer gels were used as suspension medium, the
centrifugetubes were prélled with PBS and incubated overnight at 0. Dialysis tibings
with an aliquot of microparticles andn® of poloxamer gels were closed and put into pre
heated surrounding buffeAt predetermined time points, samples afillvolume were taken
and removed solution was replaced by fre®@8 Samples were analydevith RRHPLC as
described ir5.3.10

5.3.12 Preparation of poloxamer gels
Poloxamer 407 (SigmaAldrich, Taufkirchen, Germanyvas dissolved in water in a refrigerator

at 28 °C overnight.

5.3.13 Temperature-dependent viscosity measurementssing a rotation viscometer

For analysis of temperatuteependent gelling behaviornaMCR 100 rheometer (Physica
Anton Paar, Ostfildern, Germany) with a plate/plate systerf@3d&hda temperature ramp from
4 to 34°C was used at a shear stress Bal Eah measurement was performed in triplicate.
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5.4 Results and Discussion

5.4.1 Preparation of drug-loaded lipid microparticles by spraycongealing

Based on previous spray congealing tests with placebo and model sulbstaleck
microparticles, a first set of spragngealing conditions and formulations fof@&D-Phe] was
selected(Table 5-1). Initial criteria for the performed prests were yield, particle size and

encapsulation efficiency (EE).

Table 5-1: First generation G fp-Phelloaded formulations produced by spngealing

TG Additive Concentration [%] Yield [%] EE [%]
D 118 - - 13.8 61.3
D 116 - - 20.6 56.7
D 118 GMS 10 17.8 61.4
D 118 GMS 20 16.6 404
D 118 GMS 40 3.1 15.9
D 118 GMS 60 4.9 23.5
D116 GMS 10 26.1 38.9
D116 GMS 20 30.6 37.0
D116 GMS 40 21.0 41.0
GMS - - o 1 23.5
D116 CSA 10 32.3 47.1
D116 CSA 20 19.1 56.8
D116 CSA 60 26.6 54.8

G [6-D-Phe}loaded microparticles could be sprayed in analogyplecebo and model
substancdoaded particlesCompared to the incorporation of model substances, the peptide led
to amore persistent and continuous specagie and less valve blockagébe use opureGMS
resultedn needlelike, inadequate particleshich showed pronouncedectricalchargng. All

other batcheshowed higher yields. Pure triglyceride formulations showed yields beléw 21
and GMSaddition led to slightly increased product yields. More tha®o30roduct could be
obtained with 1€20% GMS. Generally, obtained yields were lower asortgd in literature

[43] [44] [45], since we only considered the powder in the product vessel.

EE was about 6@ for pure triglycerides. The addition of ¥® GMS to D118 led to

comparable results whereas EE was slightly decreased when added to D116. Wéth hig

amounts ofmonoglycerides added to D118 the drug load decred3es addition of higher

amounts of GMS and CSA to D1-béased microparticles did not affect the drug load, which
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went in accordance with data reported by Eustaquio Mhatost al comparig hydrogenated

palm oil and glycerol monostearate partidis].

Table 5-2: Second generation G-[B-Phelloadedformulations produced by spragngealing

TG Additive Concentration [%]  Yield [%0] EE [%]
D114 GMS 10% 33.9 78.4
D114 GMS 5% 22.7 78.7
D114 Span40 5% 28.8 51.2
D114 Span 40 10% 12.1 21.1
D114 Span 40 30% 1.6 n.d.
D114 Span 85 10% 17.8 60.9
D114 Span 85 20% 16.2 46.5
D114 Span 80 10% 2.1 574
D114 Span 80 20% 16.4 21.9
D114 Span 85 30% 3.4 211
D116 Span 85 10% 15.9 71.9
D116 Span 85 20% 17.8 72.4
D116 Span 85 30% 7.6 71.4
D116 D112 10% 7.9 81.8
D116 Span 40 5% 15.6 29.9
D116 Span 40/D112 10% 4.1 14.4
D116 GMS/ D112 5%/10% 22.88 64.34
D116 GMS/ D112 10%/10% 18.22 65.30
D116 Span 80 10% 7.27 40.15
D116 Span 80 30% 10.59 43.56

Second generation of lipid microparticles was produced using-chairt triglycerides and a
broader spectrum of surfactants to achieve a faster r¢tsB114rendered adequate yields
between 23 and 3% upon spray congealingy combination with 5 and 1% GMS,
respectivelyThe encapsulation efficienayas raised to 7%. The addition of Spad0with a
HLB value of 6.7[47] [48] caused an irregulapray conedue tothe formation of foamalso
reasonindower yields and decreased EE. The use of surfactantdavithr HLB-values, Span

80 and 8447], also reduced process yield. EE was acceptabl&]ithen Span 85 was used
in combination with D116 and reduced when combined with D1146(®5b). Span 80 led to
lower EE. D112 was previously usas low melting component in the manufacturing of solid

lipid implants, where a faster degradation rate was obtgu@]d[50]. A lower yield but
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acceptable EE of 81.7 was achieved. Triple combination of D112 with GMS and Span 40
resulted in appropriate results regarding GMS, but both reduced yield and drug content when

Span 40 was added.

Sprayability, yield and EE are criit parameters in the production of spray congealed lipid
microparticles. The parameters yield and EE seemed to be influenced by the concentration and
state of emulsifier, also affecting solubility of the drug in the Ijpit]. In general, for spray
congealed lipid microparticles high yields and encapsulation efficiencies abdie &96
reported in literature, which could not be achieved during our experinetit§52]. No
pronounced effects regand EE were found by Mccarron et al., comparing different
emulsifiertriglyceride composition§53]. Possible approaches to enhance EE were achieved
by addition of Aerosf? and a followed increased viscosjBA], bigger particle sizef65] and

higher druglipid ratio [56].

5.4.2 Characterization of polymorphic behavior usingDSC and XPRD

The polymorphic behavior of theionoparticles was analyzed by DSC and XRPD. The heating
curve of D116 showed a melting endotherm with an onset 6€4érresponding to the-
polymorph[57] followed by an exothermic recrysliahtion and subsequent melting of the
thermodynamically stable-polymorph(Figure 5-1) [58]. Particles with 3 Span 40 showed
similar trace. A singl e-fosrhcauldpe ghsedd wieSpanr e s p
85, GMS or the lower miéhg D112 were added. The small endotherm afGlSor
microparticles of 8@6 D116, 10% D112 and 106 GMS was either due to melting of D112 or

t h eolythorph of D11657] [59]. For pure GMS, polymorphic transformation is also known

with the U-polymorph melting at 67.8 C  a-potymobph at 71.9C [60]. An event in this

temperature region couftbt be detected in the GM®ntaining microparticles.
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Figure 5-1: DSCthermograms o6 [6-D-Pheloadedmicropartices (n=2). Thermograms represent
the firstheating scan of one sample exeanipy andwere shifted on the dinate for better visualization

The addition of 5 and 1% Span 40, 80 and 85 to D114 resulted in crystallization of the
thermodynamically stablB-polymorph with a melting onset of 38 ard a melting peak of
55-58 °C [61] [62]. The instabld}form with a melting point of 32C [62] was notdetectedn

any sample. Whittam and Rosano observed that the transformationttonibdification was

already completed after 3iin at room temperatufé2].

To further investigate the crystallization behavior of lipldSC measurements were conddcte
after incubation in PBS. Dlidased sampleshowedthe b-polymorph with a melting
temperature of 57C [58] [63] after incubation, irrespective of the additiv@l16-based
microspheres with addition of GMS/D112 showed a small endotherm °&t pga}] prior to
incubation. Upon incubation,4&r y st al | i zaymorphmelting at 608 eccubred,
which is a slightly lower melting point compared to literafi@2]. Furthermore, a wider peak

wasobserved. When Span 85 was added, no changes were observed.
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Figure 5-2: RepresentativBSC thermograms of G {P-Phe}lloaded triglyceride microparticles before
and after incubation (4, 24h, n=3) in PBS bifer pH 7.4 at 39 °CScansvere shifted on the ordinate
for better visualization

XRPD measurements were conducted to further inagstitpe polymorphd=(gure 5-3). D114
raw material showed the characteristic triglyceride pattern di-gr@ymorphwith three peaks
at 18, 22 and 232-Theta[65]. This pattern was also visible upanalysis of spray congealed
particles of D114 with 106 Span 40 and D114 +% GMS. GMS raw material revealed two
peaks at 18 and 242-Theta also indicating thiepolymorph[66]. D116 raw material showed
the peaks of the stabtemodification[65]. Microparticles with 3% Spar40 addition as well
as pureéSpard0 showed one single peak?4t® 2-Theta, confirming differentcrystal structure
[57]. In contrast, D116 micropactes with 10% Span85 clearlyexhibited theb-polymorph.
As already indicated in DS@easurements, crystallizationtbe stable modification was not
completedn the microparticle formulation D116 + 10 % GMSAOD112.
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Figure 5-3. RepresentativekRPD measurements of lipid raw materials and spray congealed lipid
microparticles (r= 3). Diffraction patterns were shifted time ordinate for better visualization

Crystallization behavior of lipibased delivery systems is influenced by a variety of exogenic
factors, especially when manufactured at higher temperatures. Underlying principles are not yet
fully understood. In ourtady, the crystallizing polymorph depended on the used triglyceride
itself, as well as the emulsifier. The delay or promotion of crystallization in the

t her modynami c afbrin gepemds srithe sility bf the emiilsifier to interact with

the crysal lattice of the lipid67]. D114 with its shorter fatty acid side chains segtoehave

an enhanced pr op e r-golymotploupanispray toagedling,arespective df h e
theemulsifier. D116 showedp ar t i al ¢ omp | e tpelymbrphrimcambination o f
with 5% Spari0, as well asn combination with GMS and D11¢hich indicates a stabilization

o f -crydtal lattice with these emulsifiers.
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5.4.3 Dependency of water uptake of G [@-Phe}loaded microparticles from the lipid
composition

To evaluatemoisture of freshly prepared particles and their water uptake, the pbduc
formulations were investigated by the means of ¥kisther titration. Water uptake between 3
and 30% was reported for triglyceride cylinders depending on cholesterol content over six
months[68]. For triglyceride implants, a water uptatEmaximum 10% depending on the
chain length could be demonstra{é8]. The higher water uptake of microspheres compared
to cylinders can be explained by a higher surface to volume [&8jo Investigations on
Geluciré® 50/13 tablets reveald@dat a continuous water uptake ovér#® more than 806 was
possible [70]. In our case, particles showed an initial watemtent between 0.0%
(D114+10% GMS) and 0.196 (D114 + 20 % Spa80,Figure 5-4) after production.
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Figure 5-4: Water content of spray congealed microparticles consisting of D114 with different
emulsifying additives (mean and SD513)

After 24h of incubation, water content of D1-b@sed microparticles with Span 40 and 85
stayed below 36 (Figure 5-5). A higher water uptake between 10 and@8®as found when
D114 was combined with Span 80 and 85. A water content bel&\i8s obtained with %

Span 40, whereas the combination oPAGpan 40 with D112 increased the incorporated water
to more than 406. Vogelhuber et al. identified the chain length of triglycerides as possible tool
for swelling and release modificati§8]. Addition of GMS to D114 led to an increased water
uptake, whereas% GMS addition did not enhance water penetratiomeneral, D11based
microparticles showed higher water uptake especially in combination with liquid and low

melting emulsifiers compared to D116 microparticles.
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Figure 5-5: Water uptake of spray congealed lipid microparticles after incubation in PBS°@t 39
detemined by Kal-Fischer titrationilmean and SD, A 3)

5.4.4 Impact of lipid -composition on contact angle andurfacewettability

To understandelease behavidrom lipid matrices, surfacerettability can be a helpfuiool
[71][72]. In our case, the preparation of flat lipid surfaces veasiple wih all lipid mixtures.
Figure 5-6 shows the contact angle of highly purified waterformulations based only on
monao or triglycerides. Resulting cordct angles are complex results of different influencing
factors, like surfee roughness and surface tengi€2]i [74]. The hghest contact angle of 124
was observed for thieiglyceride with the shortest fatty acid chain, D1Tdpalmitin (D116),
tristeain (D118) and triarachid (D120) showedlower contact angkeand following better
wettability. Glycerol monostearate showdte bestvettability with a contact anglbelow90 °.
Koenrings et al. found out, thatettability of lipid matrices decreases with increasing chain
lengths[72]. This trend could not be observed in our experimédite reasomight be, that
the lipid was not casted out of anganic solution on the microscopy slide to achieve similar
conditions and contraction behavior comparethéspraycongealing process. This procedure
seemed suitable for our purposettss surface structure and the crystallization behavior affect
wettability [75]. This was also suggted by Del Curto et al., who reported improved wettability
of co-melted particles compared to those prepared by sebtepping[4].
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Figure 5-7 shows thecontact angles oD114-emulsifier mixtures.GMS addition led to
improved wettability at 10%, whereas the contact angle was increased at ofty 5
Corcentrations above 2% Span 40and 1020% Span 80reduced the contact angle

dramatically. No pronounced effect was visible for a Span 85 addition.
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Figure 5-7: Contact agle of highy purified water on D114€mulsifier mixturegmean and SD, a 3)

Replacing D114 bi{p116, no pronoured effect on contact angles wasserved in combination
with 5% Span40 and 10 % D112Kigure 5-8). A stepwise reduction was found when using
Span85. Formulation with thédow melting triglyceride D112thecontact anglevasraised to
123.61°. A remarkable reduction in contact angle was observed using GMSpam$0 as

well as Span 85 in higher concentrations.
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Admixing emulsifiers to triglycerides led to enhanced wettability depending on type of
triglyceride and emulsifier type and its concentration. Surface roughness and the so called
Abl oomingo of triglycerides needthewetiabiliye t a k
of I ipid surfaces. The -modifcationfr6]arekndwatoebtainr e p o
increased wettability compared to those of the platetdtakel i k e s ur fpdymapho f t F
[77] [78]. Consequently, polymorphic transformationsdch&z be taken into consideration, as

we showed that crystallization behavior also depended on emutsdigceride composition.

5.4.5 Invitro release behavior ofG [6-D-Phe] from lipid microparticles

Microparticles based on pure D116 and D118 were investigaincerning their G {B-Phe]
release behavior. In both cases a low burst between 10 étdr@dulted, followed by only
minimal release within the subsequent two weékgure 5-9), according to literaturg2]. This

goes in line with the fact that the pure triglyceride microparticles do not take up substantial
amounts of wier and G [6D-Phe] only dissolves at the surface. Comparable release profiles
from lipid microparticles were observed for desmoprefs8) [80]. Additionally, the used
theoetical drug load of 1.86 was insufficient to form a connected pore retw In literature,

drug load above 1@% are reported for implants to be sufficient for a formation of connected
pores and to achieve sustained protein relgHde
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Figure 5-9: G [6-D-Phe] release from triglyceride microparticles (D116 solid line, D118 dashed line;
mean and S[n = 3)

To enhance peptide release, combinations of triglycerides withonan emulsifiers were

tested. Glycerol mmo- and dstearatdnave been reported émhance peptideekease from lipid
microsphere$46] [79]. Figure 5-10 givesan overview on the influence of a CS&nd GMS

addition to triglycerides on G {B-Phe] release. The dition of CSA to D116 led to an
increased burst compared to pure D116 already &b.ldcreasing the CSA content above

20%, about 8%6 of the drug were already released as burst. Microparticles prepared from
10% GMS and 9@% triglyceride exhibited a hig burst release of 3%, followed by a
continuing release until day 14. In total, %0of the incorporatedrdg was released. With 20

GMS, the burst release was comparable and the sustained release could be monitored until day

12. An immediate release wabtained when 4% GMS were added.

SEM micragraphs of freshly prepared D1&@croparticles with 186 GMS showed particular
shape before and after incubation, with iased roughness after incubatiandicating
possible matrix c(higuesE)78]l i ke fAbl oomi ngo
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Figure 5-10: G [6-D-Phe] release from triglyceride microparticles with varied amounts of CSA (10, 20,
40%) (A). G [6-D-Phe] release from D116 (B) and D118 (C) microparticles with varied concentrations
of GMS (10 %, 20 %40 %, 60%), mean and SD, B 3

The use of D118 with 10 and 20 GMS was most promising, resulting in a burst release
between 45 and 6% anda continuous release over 14 to2&leasing more than 86 of the
incorporated drug. Further increase of GMS did not lead to a sustained release profile, possibly
due to a monoglycerideduced matrix instabilityFigure 5-10C) [79]. Incomplete drug
release (only 8@0%) is frequently observed for lipidased drug delivery systenji82],
possibly due to an incompleteter accessibility of theore[83] [84] or an adsorption to matrix
material[80] [85].
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D118 + 10 % GMS

Figure 5-11: SEM images of freshly prepared microparticles of D1 11®% GMS (left) and after a-4
week inabation in PBSt 39°C (right)

To generate particles with a shorter release thah&ftlitional mixtures of triglycerides with
emulsifiers were tested. Therefore, a variety of emulsifying substances with different HLB
values were introduced. Furthermore, the low mgllipid D112 was added to enhance release
rates as reported for solid lipid implaf49]. Figure5-12 gives an overview on release behavior

of screened batches.

Having achieved adequate results with the combination of D116 with GMS, this additive was
tested in combination with D114. Releaseni D114 microparticles ith as well 5 and 106

GMS was completed afterdBreleasing 706 to 90%. SEM images revealed that the GMS
containing microparticles still remained their shabgre 5-13 exemplarilyshowsdata of
D114+ 10 % GMS).An increased roughness upon incubation could be observed, indicating

swelling of the matrix followed by an enhanced porosity and water uf@8k{6].

The addition of the liquid emulsifielSpan80 and 85 with low HLB values did not show
concentration dependent effects. The faster and more complete release could be explained b
the liquid state oS5pan85 leading to a faster drug liberation and complete degradation of the
microparticles, independent of the added concentration as visualized by SEM ifigges (
5-13exemplarily shows D114 + 20 Span85). Overall, an almost complete drug release could

be observed in all three tested formulations.
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The addition of Span 85 to D116 instead of D114 resulted in almost complete drug release
within one day,whereas the particles were stable over two weeks exemplarily shown for
D116+ 30% Span 85Kigure 5-13). Addition of Span 60 and 8Figure 5-12 D), as well as

the combination of GMS and D11E)(also resulted in a high burst release of 80 to%dtom

D116 microparticles. Only in case of the S containing microparticles the high burst
release could be explainéy complete disintegration of the matrikhe dher combinations

resulted in microparticles which kegbteir shape

Adequate release until day 20 could be observed for D114 microesutitdh 5% Span 40.
Using D116 as base lipid, release was limiteddags.(Figure 5-12 C). Both particle qualities
remained intactKigure 5-13). A G [6-D-Phe] fraction remained inside the particles due to
insufficient interconnectivity of pores. The development of a rougher swifsmeincubation

reflects the enhanced water uptake into the core of the micropaj@8les
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D116 + 30 % Span 8(

D116 + 10% GMS/
10% D112

Figure 5-13: SEM images of freshly prepared (left) and incub@éd4 and D11éased particlesith
addition of Span 40, 60, 80, 858MS and D11Zor 2 weels in PBS buffer at3°C (right)

Consequently, pure triglyceride matrices did not lead to appropriate release profiles as they do
not allow substantial water uptake. Furthermore, the drug load is low and thus an interconnected
pore network cannot form upon drug dissolutionug, the addition of surfactamq&ays amajor

role [84] [87]. Mixing emulsifying agents witlriglyceride base materials led in general to an
enhanced drug release. Some emulsifiers$igan 40, GMS and CSA showed concentration
dependent effect$SMS is reported to either retdi@B] [84] or enhance drug relead?] [88]

from lipid-based microparticles. We noticed the latter in our study.

Furthermore, the parametevsttability, polymorphic state as well sagrface structure seem to
influence the release behavitm some test formulations, weticed particle breakdown as a
consequence of good wettability (D1+40% Span 60). In other formulations, the particle
collapsed despite insufficient wettability (D114 + 10S¢an85), indicating that incubation
time and temperature caused the mechabreakdown.

Crystallization processes occurring in lipid matrices upon accelerated temperatures are reported
to influence release behavil@7] [75] [78]. It is not fully understood, whether the polymorph

itself or the rearrangements of the crystaidatare responsible for changes in drug liberation

[44] [78]. The influence of the polymorphic state on release could be exglai different
mechani sms. On the one hand, motifitagionimaydesdta e n s e
an enhanced drug rel ease c dgamp[édi[@HOntthe otheh e mc
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hand, structural changes uponcrgstalization like blooming, are supposed to influence the
drug releasq78]. An appropriate release profile could be found throughout the study in
mi croparticl es c oy-siddidation. As shogn forthe BlilGMSeand U
D112composed particlegpon incubation at 3%C, a transition to the stable polymorjih
enabled. Appropriate release profile over two weeks could be achieved vitro with
microparticles containing either 20 GMS or 5% Span 40. These patrticles kept their shape

and had the ability to take up adequate amounts of water.

The ideal candidate for a potential sustained release delivery systenj@dp-8he] should
guarantee a sustained peptide release of 15 days to ensure cycle blockage in gilts. Based on this
requirement, in the first prelinical study we focused on the D116 and D118 formulations with
10% GMS which provided an in vitro release over 22 days witigla burst(Figure 5-14 A).

Taking the presence of lipases in the mammalian H60Y[91] and a possibly higher
degradation rate of the lipid microspherbedy movement and temperature into accoant,

longer invitro releaseghan 15d may reslt in apromising invivo effect[50] [92].
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Figure 5-14: Identified candidates for clinical studies. (A) Suitable microparticle batchssd on
D116 and D118 with 196 GMS applied in prelinical study | (Septembe2014). 8) Formulations
prepared of D114 and D116 with different amountSp&n40 and GMS used in p@inical study Il
(August 2015)

In the second prelinical study, microparticles with a faster release based on the combination
of D114 with 5 and 106 Span 40, 1066 GMS as well as D116 +% Span 40 were evaluated
(Figure 5-14 B).
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54.6 G [6-D-Phe] release from lipidbased microparticles suspended in threnosensitive
poloxamer gels

In order to cope with the problem of a high initial burst, suspensions of micropanices
thermosensitive poloxaméased gel were evaluated. Wenzebk reported the delivery of
deslorelinand GnRH in a thermosensitivelpxamer gel assuring delayed plasma peak levels

for the gel compared to the solutiafter injection in cattl¢93].
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Figure 5-15: Viscosity measurements of PG in water (A) and PBS pH 7.4 (B) using a tempexatpre
from 4 to 34 °Qmean and SD, r 3)

Viscosity measurements revealed a temperatapendent gelling behavior conteal by
poloxamer concentration, whereas gelling showed an earlier onset when PBS was &6ed (15
poloxamer 407Figure 5-15) confirming findings from literaturf94]. The formulation should
show a low viscosity at ambient temperature for application and a rapid gelling when brought
into the tisue. Thus, formulations with 18 and 20 % poloxamer 407 were thought not feasible
for our purpose, as they already showed an increased viscosity at 24 °C°anKetpwade

et al. found gelling temperatures 0f-32 °C for 18% and 26 °C for 206 poloxamegels[95].
Compared to the aqueous solution ofedD-Phe], the release through the gelsndelayed.
According to other studies, the in vitro release from poloxamer 407 gels is rather short in a
range of a few dayf®6]. 80% of rIL-2 was released within8from a poloxamer 407 gel in

vitro [97]. The prolonged release of G-[BPhe]from the gelobserved in our study may be
caused by protection of the gel from dissolution by the dialysis tubing and the incubation
temperature of 39C [98] [99]. As free fatty acids are reported to enhance mechanical strength
of poloxamer gels, possible interactions with lipid microparticles and surfactants cannot be
excluded[94].

The initial burst of microparticles could be reduced compared to suspension in PBS.
D114+ 5% Span 40 did not reveal a reduced burst, but an overall decelerated rfeigase (
5-16).
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5.5 Conclusion

The aim of this chapter was tovestigate whether it is possible toanporate G [6D-Phe] into
lipid-based microparticles to achieve a continuous releaseléwéays, as required for asir
synchronization. Based on previous results with dgbilic model substances, different
triglycerides and surfactants were tested concerning in vitro release behavior, wettability of the
lipid matrix as well as particle morphology before and after incubation. The use of pure
triglycerides did not result inppropriate release behavior. The addition of release modifying
substances was mandatory. With addition of emulsifiers it was possible to tailor the release
kinetics concerning burst and completeness of drug release. With the use of GMS and Span 40
it waspossible to achieve a release duration of 22 (D118) and(RQ14). The burst release
could be reduced by the use of suspensions of triglyceride microparticles in thermosensitive

poloxamer gels.

To understand the underlgrelease mechanisms from ligidsed microspheres, DSC and
XRPD measurements gave an insight into the crystallized polymorph. In additioifigGrér
titration showed that water uptake and swelling behavior of triglyceride matrices could not be
generalized for surfactant type or HMAlue and was more pronounced for stobrin
triglycerides in combination with liquid emulsifiers. Surface wettability of triglyceride matrices
was insufficient and could mostly be improved by addition of surfactants. The combination of
different triglycerdes resulted in higher contact angles compared to the individual triglyceride

formulation.
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CHAPTER SIX

6 EXVIVO PRE-EVALUATION OF PARTICLE - AND M ODEL-DRUG

DISTRIBUTION IN CARCASSES

Parts of this chapter are intended for publication

Investigationson swine arcasses were performed with the helpDof Haukur Lindberg

Sigmarssomat the University of Leipzigiecember 2013
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6.1 Abstract

In order to understand the distribution behavior of spray congealed lipid microparticles, dye
loaded microparticles were injected after suspension in a hydrophilic solvent into the neck or
caudal thigh muscles of swine carcasses. The injection was performed-usisgrihges with

16 or 18G needles and with an injection revolver for the application of multiple units. The
aqueous resuspension medium spread rapidly, confirmed by ultrasowadl as opening the
injection site by incision. The microparticles could be found at the injection site upon incision.

With the help of ultrasound, it was not possible to detect the microparticles in the muscle.

6.2 Introduction

Microparticulate drug delivgrsystems are typically applied subcutaneously or intramuscularly
[1] [2]. Aiming mostly for asystemic effect with a controlled or delayed reld@$g[5], it is
important to investigate the distribution of microparticles after injection. This includes whether
the microparticles are enclosed by a fibrous capsule, and if a local inflammatorgrreacti
transport takes place in viy6] [7]. A general problem arising from a depot formation may be

a hidh local concentrationf the residual drugg]i[11]. The injection of depot formulations
may also impair meat quality at thgection site on food producing animgl?]. The use of
biodegradable microspheres or liposomes may minimizeididesions in food producing
animals[11] [10].

Our purpose was the development of a delivery system, whalble to control the release of

the peptide Gnadorelif6-D-Phe] in the porcine muscle tissue and which is easy to inject. The
reconstituted microparticles are intended for application via a syringe with a 1&ondédle,

but for a more effective jaction for multiple animals, the use of an injecti@volver should

be preferred. This device is commonly used for veterinary products with a higher importance
of multipledose delivery systems, also mirrored in a variety of patéb®i[15].
Consequently, the distribution of microparticles was to be studied in carcasses in order to
understand the spreading behavior and to gain a preliminary insight into suspension
performance in the injection device for the upconpngclinical studies. Addionally, using

the dyeloaded microparticles, the dye distribution in the surrounding tissue was to be assessed.
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6.3 Materials and Methods

Hl Materials

Methylene blue and crystal violet, as well as polysorbate 20 (PS 20) were purchased from
Merck KGaA (Darmstadt, Germanypynasan 116tfipalmitin, D116) waskindly provided

from Cremer Oleo (Witten, Germany)The gelling agent Tylop&rC 300 (sodium
carbaxymethylcellulose, Na CMCyaskindly donatedrom Clariant (Muttenz, Switzerland).

The suspended microparticles were applied vianal 8yringe equipped with a 16 or 3

needle (B. Braun Melsungen AG, Melsungen, Germany) or an injection revolver HSW ECO
MATIC® (Henke Sass Wolf GmbH, Tuttlingen, Germany) with an injection volume ofR.0

The needle used in this study had a length ah#®and a diameter ofrAm.

Two swine carcasses used in this study were fully mature German Landrace x Piétrain and were

kindly donated by the Faculty of veterinary medicine of the University of Leipzig.

Preparation of dye loaded lipidmicroparticles by spray congealing
For preparation of % dyeloaded micropatrticles, the lipid dispersion was filled in the sample
containerof the B290 Mini spray dyer with additional spraghilling setup (Btichi, Flawil,
Switzerland), which was preonditioned for 1.5 h prior to the produari step.The additional
equipment consisted of a sample container, surrounded by a bath fillgublyétinylene glycol
(PEG 400, also heating the nozzle. The connection between nozzle and sample container was
heated externally by a resistance wigsed heating, generating a temperattia@proximately
70°C. The spray tower was fed with preoled airproduced by an additional dehumidifier
Deltathern? LT (Deltathern? Hirmer GmbH, Much, Germany)Lipid melt was sprayedsing

nitrogen as spragasandthe following apparatus settings:

Spray-parameter Value
Spray pressure [bar] 5

Spray flow [I/h] 357
Aspirator power [%] 100
Valve opening 1.25 turns
Temperature oil bath [°C] 90

Inlet temperature [°C] 15
Pressure filter [mbar] 96
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