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A  Introducti on and aim of the study

1. Introducti on
A major challenge in drug development is the drug delivery for the paediatric populati on. Specifi c 
facts have to be taken into account with this pati ent group. Children are a very heterogeneous 
pati ent group ranging from newborns to adolescents with huge developmental and physical dif-
ferences regarding dose, pharmacokineti cs, absorpti on, sensiti viti es and compliance. The route 
of administrati on, the compositi on of the formulati on, the dosage form and the matt er of admin-
istrati on have to be carefully considered.
So far children are oft en named the orphans in drug development, but what is the matt er with chil-
dren suff ering from orphan diseases and their treatment with therefore called orphan drugs? 

An orphan disease, or rare disease, is characterized as a life-threatening or chronically debilitati ng 
disease with a low prevalence. This low prevalence is defi ned in the EU as less than 5 aff ected per-
sons in 10,000 inhabitants. While this number seems low it translates to approximately 246,000 
aff ected persons in the 27 member states of the EU. The origin of rare diseases is oft en a geneti c 
defect, but can also be caused by rare infecti ons, auto-immune diseases or rare poisonings. About 
5,000 to 8,000 orphan diseases are known today, which means that about 6-8 % of the popula-
ti on in total are aff ected, again this translates to around 27 to 36 million people in the EU (Eu-
ropean Commission 2008). Rare diseases are considered to have litt le impact on the society as 
a whole and have been ignored unti l recently. The aff ected persons did not benefi t from health 
resources and services and instead suff ered from a lack of informati on, research, diagnosis and 
treatment. Orphan diseases have been one of the prioriti es in the EU Public Health Programme 
of 2003 – 2008. 
The term orphan drugs describes medicinal products intended for diagnosis, preventi on or treat-
ment of rare diseases. The Orphan Regulati on (EC No 141/2000) in force since the year 2000 sets 
incenti ves for the pharmaceuti cal industry to encourage research and marketi ng of medicines 
for rare diseases. These incenti ves include a 10-year market exclusivity, protocol assistance and 
access to Centralized Procedure for Marketi ng Authorisati on. Up to now the list of marketi ng au-
thorized Orphan Drug in Europe consists of 44 products (Orphanet Report Series 2008). 

This work focuses on sodium benzoate as a treatment for the orphan disease non-ketoti c hyper-
glycinemia (NKH). It is a hereditary metabolic disease that aff ects the glycine metabolism. The 
prevalence is esti mated by the European Commission as 0.02 per 10,000 EU inhabitants and 
the incidence is, varying by country and region in the EU, between 1 : 12,000 and 1 : 4,000,000 
(Breitkreutz 2004). Sodium benzoate was granted orphan drug status for the treatment of NKH 
in 2002. It is used to lower the high glycine levels caused by this disease, as benzoate is able to 
bind glycine to form hippuric acid, which can be excreted renally. Through this therapy the severe 
symptoms of NKH like seizures and lethargy can be alleviated.
First att empts to develop a paediatric liquid formulati on for sodium benzoate were unsuccess-
ful, as it was impossible to mask the bitt er and salty taste of the drug in a liquid formulati on. In 
subsequent studies an alternati ve, a multi parti culate system, in this case saliva-resistant coated 
granules with sodium benzoate and hard fat as a binder for the treatment of NKH have been de-
veloped by Breitkreutz et al. (2003).
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Children are a very heterogeneous pati ent group, the Internati onal Conference on Harmonizati on 
(ICH) divides the paediatric populati on by age into fi ve categories. In the “Note for guidance on 
clinical investi gati on of medicinal products in the paediatric populati on” (EMEA 2000) the groups: 
preterm newborns, newborns, infants and toddlers, children and adolescents have been defi ned. 
The categorisati on into these subpopulati ons has been mainly derived from physiological and 
pharmacokineti c diff erences, e.g. metabolic capacity, organ maturati on and drug clearance. 

In the refl ecti on paper “Formulati ons of Choice for the paediatric populati on” by the European 
Committ ee for Medicinal Products for Human Use (CHMP 2005) the broad group of “children” of 
the ICH guideline ranging from 2 to 11 years is divided into two subgroups, the pre-school chil-
dren between 2 and 5 years and the school children from 6 to 11 years. The division is based on 
the child’s ability to accept and use diff erent dosage forms. Starti ng approximately at the age of 
6 years the majority of children receives solid dosage forms for the peroral drug administrati on 
whereas liquid formulati ons are predominantly used below that age (Schirm 2003). In the refl ec-
ti on paper the most appropriate dosage forms for each age group are evaluated. 
Liquid formulati ons such as soluti ons/drops or eff ervescent dosage forms are rated as the dosage 
form of choice for infants already from their fi rst month of life. One important considerati on with 
liquid formulati ons is the dose volume, large volumes are inconvenient for pati ents and care tak-
ers. Usually, dose volumes below 5 ml are suitable for children under the age of 5 and volumes 
larger 10 ml for children of 5 years and older (EMEA 2000). However, taste is an major aspect, so 
the more palatable the formulati on, the higher will be the tolerated dose volume. 
Powders and multi parti culate formulati ons (e.g. granules, pellets or mini tablets) are solid dos-
age forms with a good acceptability, even in children below the age of 5, whereas common solid 
oral dosage forms such as tablets or capsules are only rated as dosage form of choice for older 
school children and adolescents, as the main problem is the diffi  culty of swallowing. The small 
multi parti culates can be dosed directly into the mouth of the pati ent or can be mixed with food 
or beverages prior to administrati on. Similar in their acceptability even for smaller children are 
the orodispersable dosage forms such as orodispersable tablets, lyophilised wafers or novel dos-
age forms such as fast dissolving fi lms. They are easy in their administrati on and do not require 
additi onal liquids.
The rectal route of administrati on may be chosen for a number of reasons such as immediate re-
quirement of systemic eff ects, unconsciousness of the pati ent or rejecti on of oral dosage forms. 
Suppositories are the most common rectal paediatric dosage forms and one of the dosage forms 
of choice for newborns and infants. However, compliance issues have to be considered as the rec-
tal route of administrati on is poorly accepted in certain countries and cultures.
Parenteral drug administrati on such as intravenous soluti on or subcutaneous injecti ons are need-
ed for the very young and the very ill, such as preterm newborn infants and newborn infants as 
well as for intensive care situati ons.
Topical dosage forms for transdermal drug delivery are not limited in there use for certain age 
groups as they are easily applicable to all age groups. Instead, important penetrati on and perme-
ati on characteristi cs such as the morphological diff erences between the skin of adults and infants 
or the surface area/body weight rati o have to be considered. 

But not only does a suitable dosage form need to be found and developed for paediatric purpos-
es, additi onal issues have to be taken into considerati on. Safe excipients are also very important 
for each formulati on. Usually pharmaceuti cal excipients are labelled as “inacti ve ingredients” and 
assumed to be safe for human use, but this might not be true for a paediatric subpopulati on, as 
children show parti cular diff erences to the “normal” adult pati ent. The choice of excipients may 
also determine the applied dosage forms, as the number of suitable excipients for manufacturing 
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a dosage form is oft en very limited. Toxicological risks are mostly associated with excipients used 
for liquid formulati ons, whereas solid drug formulati ons can be usually composed using non toxic 
excipients. So the practi cal advantage of liquids, including safer dose adaptati on and suitability for 
small children, has to be weighed against easier compositi on of solid formulati ons (Breitkreutz et 
al.1999). Major problems with pharmaceuti cal excipients have been reported for benzalkonium 
chloride, benzyl alcohol, dyes, propylene glycol, and sulfi tes (Breitkreutz et al. 2007). The toxic-
ity of excipients in newborns and infants can be explained by several factors including the insuffi  -
cient metabolic capacity in the fi rst month of life, the diff erences in renal clearance e.g. the much 
lower glomerular fi ltrati on rate in neonates or the more porous blood-brain barrier. A good ex-
ample is the age-dependant toxicity of propylene glycol due to a higher bioavailability aft er cuta-
neous or peroral absorpti on, a higher concentrati on in the central nervous system and a reduced 
eliminati on due to a low-capacity metabolism. Cauti on should be applied to arti fi cial co lours as 
recent studies suggest that two dye mixtures of diff erent compositi on, but both preserved with 
sodium benzoate, might trigger hyperacti ve behaviour in children (McCann et al. 2007).

As a consequence, the development of the best suitable drug products for children is a major 
challenge in drug development. Since January 2007 a new Paediatric Regulati on [Regulati on (EC) 
No 1901/2006 of the European Parliament and of the Council on medicinal products for paediat-
ric use] entered into force which contains a new system of rewards, incenti ves and obligati ons for 
the pharmaceuti cal industry. This means that paediatric drug development will hopefully become 
an integral part of the development of medicinal products. Early strategies are needed for imple-
menti ng paediatric formulati ons at an early stage, perhaps as early as preformulati on.
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2. Aim of the study
The aim of this study was the development of sodium benzoate containing dosage forms for the 
treatment of metabolic diseases in the paediatric populati on. A sodium benzoate infusion solu-
ti on should be developed for the treatment of intensive care and neonatal pati ents. Furthermore 
a suitable ready-to-use formulati on is needed to replace the existi ng practi ce of diluti ng concen-
trated sodium benzoate soluti ons with physiological saline by hospital pharmacies. The stability 
of this infusion and the infl uence of diff erent packaging material was under investi gati on. 
Furthermore, previously developed sodium benzoate containing granules with one hard fat as a 
binder (Breitkreutz et al. 2003) should be improved. Spherical pellets with narrow parti cle size 
distributi on should be prepared using a cold extrusion process and following spheronisati on with 
diff erent lipid combinati ons. 
The role of lipids as binders, as non-toxic alternati ves to common extrusion aids, in cold extru-
sion/spheronisati on processes were further investi gated. The feasibility of using diff erent kind of 
lipids as excipients in the producti on of these pellets and their eff ect on the taste were also scru-
ti nized. 
The taste of diff erent pellet formulati ons should be investi gated by varying means using human 
taste panel tests and electronic taste testi ng systems. The various taste testi ng methods were 
compared to each other and the use of electronic systems to replace common human taste pan-
els evaluated. 
Further insight into the taste masking of pellets through lipid binders was gained and a possible 
mechanism for this occurrence explored.
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B  General Part

1. Therapeuti c applicati ons of sodium benzoate
Sodium benzoate, commonly known as a preservati ve, is used in the therapy of metabolic diseas-
es in children. The group of diseases include defects of the urea cycle and have hyperammonemia 
as a general symptom (Nassogne et al. 2005). One disease where sodium benzoate is used for 
treatment is glycine encephalopathy or non-ketoti c hyperglycinemia (NKH). NKH is an autosomal 
recessive disorder of the glycine metabolism caused by a defect in the glycine cleavage system. 
In the Online Medelian Inheritance in Man (OMIM) databank it is listed under the registrati on 
number 605899 as glycine encephalopathy. The disease is caused by a defect in one of the four 
proteins out of the glycine cleavage system (GCS or GCE, EC 2.1.2.10). The GSC comprises four 
proteins, P-protein or glycine decarboxylase (GLDC, EC 1.4.4.2), T-protein or aminomethyltrans-
ferase (AMT, EC 2.1.2.10), H-protein or hydrogen carrier protein (OMIM 238330) and L-protein or 
dihydrolipoamide dehydrogenase (DLD, EC 1.8.1.4). 

Figure 1: Schemati c illustrati on of the glycine cleavage system and the reducti on pathway of gly-
cine through this multi enzyme complex (modifi ed from Breitkreutz 2004).
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The GCS is the main catabolic pathway for glycine and it also contributes to one-carbon metabo-
lism. It catalyses the oxidati ve conversion of glycine into carbon dioxide and ammonia and the re-
maining one-carbon unit is transferred to folate as methylenetetrahydrofolate. A defi cient glycine 
decarboxylase acti vity (defect P-protein) is the most common cause of NKH (Kanno et al. 2007, 
Tada 1987), but also defects in T-protein (Schutgens et al. 1986, Toone et al. 2003) and one case 
where the H-protein was eff ected are described in the literature (Koyata et al. 1991). No NKH case 
on the base of a defect in L-protein is described so far. This might be explained by the fact that the 
L-protein parti cipates also in other biotransformati on pathways e.g. the pyruvate metabolism, 
therefore obscuring symptoms of NKH (Applegarth et al. 2001). 

Most pati ents with NKH have the neonatal phenotype (Hennermann et al. 2002), but also cases 
with an atypical form (Flusser et al. 2005), a transient form (Applegarth et al. 2001) and a late-on-
set form appear and have been described in the literature. 
Most pati ents suff er from lethargy, coma, seizures and apnoea in the neonatal period and about 
one third of the newborns with neonatal NKH die within the fi rst 2 weeks aft er birth, mostly due 
to apnoea with fatal consequences. Apnoea improves spontaneously aft er 2 weeks, but most pa-
ti ents develop severe mental retardati on and severe seizures (van Hoove et al. 2005). Congenital 
malformati ons such as agenesis or hypoplasia of the corpus callosum, and hydrocephalus have 
been described (Dobyns 1989, van Hoove et al. 2000). 
Pati ents with late-onset form can exhibit diff ering degrees of mental retardati on and seizures 
(Hamosh et al. 2001, Steiner et al. 2001) whereas Aiefendioğlu et al. (2003) described cases with 
the transient form, where pati ents displayed features of neonatal NKH, but whose biochemical 
and clinical symptoms disappeared in infancy. The outcome of these pati ents has been variable. 
Atypical or mild NKH is phenotypically heterogeneous and non-specifi c, making diagnosis diffi  -
cult. Described cases showed aggressiveness and developmental delay as main features (Flusser 
et al. 2005, Dinopoulos et al. 2005), and NKH was confi rmed by geneti c analysis.

Pati ents with a defect in the GCS have increased glycine in plasma, urine and cerebrospinal fl uid 
(CFS) and an increased CSF:plasma glycine rati o. Important concerning the pathology is the in-
creased glycine concentrati on in the CFS. 
Glycine is a substrate to both inhibitoric and excitatoric amino acid receptors (Stark 2000). A 
strychnine-sensiti ve glycine receptor (GlyA) is known, which acts inhibitoric on the CNS and the 
central respirati on (Danysz et al. 1998). 
Furthermore, glycine is a cosubstrate of the ionotropic N-methyl D-aspartate (NMDA) receptor 
which acts excitatoric. The NMDA receptor (NMDAR) is a membrane spanning protein complex 
with probably 5 subunits (NR1, NR2A-NR2D, NR3A, NR3B) per channel (Stephenson 2006). Func-
ti onal channels require two NR1 and a type of NR2 subunits, where NR1 has the glycine-binding 
site and NR2 the glutamate-binding site. The channel is permeable for Ca2+, Na+ and K+. At resti ng 
membrane potenti als, the NMDAR channel is blocked by Mg2+, whereas depolarizati on relieves 
this block and allows ion fl ux when glycine and the actual agonist, i.e. glutamate, are present si-
multaneously and bind at the channel. 
Due to the unphysiologically high concentrati ons of glycine in the CNS the NMDAR are perma-
nently sensiti zed. Recent studies suggest, even though the neurotoxicity of high glycine concen-
trati ons on the brain is so far not fully understood, that the constant sti mulus of NMDAR and 
the resulti ng high intracellular calcium concentrati ons lead to severe neuronal damage and par-
ti al apoptosis of neurons (Schmitt  2003). Especially in the maturing brains of foetuses and small 
children these occurrences lead to irreversible damages and severe mental and physical retarda-
ti ons. 
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Even though the pregnancies of foetuses with NKH are unobtrusive, irreversible brain damage 
occurs. The organism of the mother is capable of compensati ng the high blood glycine levels, but 
accumulati on in other body compartments, i.e. the CSF can not be avoided. Studies with new-
borns suggest, that even with prenatally diagnosed NKH and conclusive immediate treatment 
aft er birth the poor long-term outcome of the disease can not be prevent, even though this regi-
men can favourably modify the early neonatal course (Korman et al. 2006). This further indicates 
glycine-induced prenatal and/or ongoing postnatal damages.

Treatment is directed toward reducing glycine levels and antagonizing the acti on of glycine at 
the NMDA receptors. The anion benzoate can, aft er acti vati on through coenzyme A (CoA) in the 
mitochondria, bind the amino acid glycine. First benzoate is acti vated through CoA-ligase and 
then conjugated through glycine-N-acyltransferase with glycine. Hippurate, the anion of hippuric 
acid, is formed aft er the eliminati on of CoA. Hippurate can be eliminated renally in a fast and also 
quanti ti ve manner (Kubota et al. 1991). It is therefore possible to lower the high blood glycine lev-
els and consequently, to a lower extent also the CSF levels, with sodium benzoate. The salt form 
is used due to its superior water solubility in comparison to benzoic acid, which would have the 
same physiological eff ect. For the treatment of NKH doses of 250 – 750 mg per kg bodyweight/d 
are common (Hoover-Fong et al. 2004, van Hove et al. 2005), doses exceeding 750 mg/kg per day 
are associated with toxicity (van Hove et al. 1995).
The glycine plasma concentrati on should be below 500 μmol/L, ideally between 150 and 250 
μmol/L. The CFS:plasma rati o should be less than 0.08. The physiological level of glycine in healthy 
subjects is 200 ± 40 μmol/L for plasma and 7 ± 3 μmol/L for CSF (Viola et al. 2002). Children with 
NKH displayed levels of glycine of up to 4090 μmol/L for plasma and 646 μmol/L for CSF values 
(Hennermann et al. 2002). 
With correct doses of sodium benzoate it is possible to lower the blood plasma values into the 
normal range (van Hove et al. 2005), but this is not always the case for the CSF values. Side eff ects 
of the sodium benzoate therapy are gastriti s and haematuria.
In combinati on with sodium benzoate children are oft en treated with dextromethorphan, a non 
competi ti ve NMDAR antagonist (Randak et al. 2000, Hamosh et al.1998) or someti mes with other 
NMDA antagonists such as ketamine (Ohya et al. 1991, Boneh et al. 1996). To prevent or alleviate 
the seizure acti vity also anti convulsants are given such as phenobarbital, valproic acid, diazepam 
or vigabatrine.
The binding of glycine by sodium benzoate is also an therapeuti c opti on in the treatment of urea 
cycle disorders. Pati ents with lysinuric protein intolerance, ornithine transcarbamylase or car-
bamyl phosphate synthetase defi ciency may use sodium benzoate for lowering their blood am-
monia levels (Batshaw et al. 2001). Sodium benzoate therapy of urea cycle defects requires the 
combinati on with sodium phenylbutyrate, which is a licensed drug for the mono theraphy of urea 
cycle defects in the EU. Another indicati on for sodium benzoate is the treatment of portal-sys-
temic encephalopathy in pati ents with chronic liver diseases, as high blood ammonia levels are an 
important pathogenesis factor and therapy is aimed at the preventi on of the ammonia intoxica-
ti on. Parenteral high-dose therapy with sodium benzoate is common as the ulti ma rati o (Sushma 
et al. 1992).
Sodium benzoate received the status as an orphan drug for the treatment of NKH from the EMEA 
in 2002. As NKH is a rare (orphan) disease with an esti mated prevalence of about 0.02 per 10,000 
EU inhabitants and is furthermore life-threatening and debilitati ng. 
So far, there is no licensed drug product available throughout the world with sodium benzoate 
as an acti ve ingredient, even though it is a standard treatment for pati ents with NKH. No primary 
reference standard, neither Ph. Eur., USP nor WHO grade is available. Sodium benzoate was rated 
a “new acti ve substance” for therapeuti c use as it was so far only known as a chemical substance. 
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A drug master fi le (DMF) was prepared by the Ethicare GmbH (2004). The development of sodi-
um benzoate containing granules with a saliva-resistant coati ng is described by Breitkreutz et al. 
(2003). This novel formulati on was prepared under GMP conditi ons and has been tested success-
fully in individual trials. Applicati on as a licensed medicinal product in the EU is under prepara-
ti on. 

2. Lipids in oral solid formulati ons
Lipids (greek: lipos) is a collecti ve term used for fats, oils, waxes and fatt y substances which can be 
extracted from plant or animal products with lipophilic solvents and are poorly soluble in water. 
Large structural diff erences occur as not only neutral lipids such as fatt y acids, acylglycerides or 
waxes are content of this group, but also polar or amphiphilic lipids such as phospholipids, sphin-
golipids and glycolipids. Classical areas of applicati on for lipids include the use of oils and semi-
solid preparati ons for external use such as ointments, oily eye drops or lipid based injecti ons of 
lipophilic drugs or suppositories. 

The interest in lipid based oral drug delivery is relati vely recent and is related to the growing need 
for novel drug delivery systems, but also for the improvement of delivery of existi ng drugs and for 
line extensions. A major part of the new chemical enti ti es (NCE) are poorly water-soluble which is 
resulti ng in a poor bioavailability. Primarily lipid based excipients are therefore nowadays used for 
bioavailability enhancement with aims such as increased drug solubility, targeti ng lymphati c drug 
transport and/or modulati on of enterocytes-based drug transport and dispositi on. Furthermore 
lipids can be used for taste masking or protecti on of the acti ve against gastrointesti nal fl uids and 
in sustained release dosage forms.
The main lipid excipients that are used in the pharmaceuti cal industry have in common that they 
are mostly vegetable oil derivati ves such as hydrogenated vegetable oils, parti al glycerides, poly-
oxylglycerides, ethoxylated glycerides and esters of edible fatt y acids and various alcohols (wax-
es). The common components are the fatt y acids (see also Table 1). 

Table 1: Nomenclature and melti ng temperatures of fatt y acids.

Common name Short formula 
number of carbons : unsaturated bonds

(positi on of unsaturated bond)

Melti ng temperature (°C)

Caprylic acid 8 : 0 16.5
Capric acid 10 : 0 31.6
Lauric acid 12 : 0 44.8
Myristi c acid 14 : 0 54.4
Palmiti c acid 16 : 0 62.9
Stearic acid 18 : 0 70.1
Arachidic acid 20 : 0 76.1
Behenic acid 22 : 0 80.0
Oleic acid 18 : 1 (9) 16.0
Linoleic acid 18 : 2 (9,12) -5.0
γ-linolenic acid 18 : 3 (6,9,12) -11.0
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Hydrogenated vegetable oils such as hydrogenated cott onseed oil (Lubritab™) or hydrogenated 
palm oil (Dynasan™ P60, Soft isan™) are obtained through a catalyti c hydrogenati on of the un-
saturated bonds with nickel, resulti ng in hydrophobic solids with a “waxy” appearance.

Parti al glycerides can be obtained by glycerolysis, interesti fi cati on or direct esterifi cati on of gly-
cerol. Glycerolysis is a transesterifi cati on reacti on of triglycerides with glycerol under heati ng 
with an alkaline catalyst. Interesterifi cati on is used to stati sti cally redistribute the positi oning of 
the fatt y acids on the hydroxyl groups of glycerol to achieve homogeneity of the triglyceride mol-
ecules in terms of fatt y acid compositi on. Direct esterifi cati on is the synthesis of specifi c mixtures 
of glycerides with selected fatt y acids. The characteristi cs of the parti al glycerides, e.g. physical 
aspects, melt characteristi cs or HLB, depends on the nature of the present fatt y acid(s) and the 
degree of esterifi cati on (mono- or diglycerides). Their applicati on can therefore vary depending 
on the menti oned properti es. Known excipients from this group include glyceryl monostearate 
or GMS (Imwitor® 191, Cuti na™ GMS or Tegin™), glyceryl distearate (Precirol® ATO 5) or glyceryl 
dibehenate (Compritol® 888 ATO).

Triacylglycerides or triglycerides (TAG) are ester of glycerol where all three hydroxyl groups are 
esterifi ed by fatt y acids. They are the main component of natural fats and oils. If triglycerides con-
tain diff erent fatt y acids the amount of diff erent triglycerides are versati le, e.g. in a fat that con-
tains only two diff erent fatt y acids, these can stem from 6 diff erent triglycerides, with 3 fatt y acids 
18 diff erent theoreti cal glycerides are possible. As there are about 50 known fatt y acids there are 
a nominal number of over 60,000 triacylglycerides possible, but only few occur naturally. 
An important characteristi c of triglycerides is their crystallizati on behaviour into diff erent poly-
morphs. For monoacid TAG three polymorphs are known, called the α-, β´- and β-modifi cati on 
(Larsson 1966). They can be disti nguished by their melti ng points, the α-modifi cati on being a 
meta-stable form having the lowest melti ng point, followed by the meta-stable β´-modifi cati on 
and the stable β-modifi cati on with the highest melti ng point. This can also be explained by look-
ing at the molecular structures and the corresponding Gibbs free energy (G) values of the three 
forms, as α has a disordered aliphati c chain conformati on and a high G value, an intermediate 
packing occurs in β´ and the most dense packing and lowest G can be found with β. Thermody-
namic and kineti c factors determine the polymorphic crystallizati on. Phase changes occur step-
by-step, where metastable forms nucleate fi rst, before the most stable forms when large kineti c 
factors, e.g. supercooling or supersaturati on, are applied. Other applied external infl uences such 
as pressure, temperature fl uctuati on, seeding or minimized kineti c suspend this rule and more 
stable forms are nucleated at reduced kineti c factors (Sato 2001). Amongst others the Dynasan® 
group belongs to this category, e.g. glycerol trimyristate (Dynasan® 114), which was used in this 
study. More complex is the situati on in mixed-acid TGA with fatt y acids of diff erent chain lengths 
or with saturated and unsaturated fatt y acids. Here more polymorphs might occur or there is no 
β form present and therefore β´ becomes the most stable, or two β forms are present (Sato et al. 
1999), e.g. for cocoa butt er there are 6 known crystalline modifi cati ons. Other eff ects that infl u-
ence the crystallizati on of fats and formati on of polymorphs are the melt-mediated crystallizati on 
or tempering and shear stress (Sato 2001).
In general the characteristi cs of the TGA are essenti ally determined by their fatt y acids. Unsatu-
rated fatt y acids have a lower melti ng point than the corresponding saturated one, fats with high-
er contents of glycerides of the unsaturated fatt y acids are therefore liquid at room temperature. 
Glycerides with unsaturated fatt y acids change depending on the amount of unsaturated bonds 
due to oxidati on whereas glycerides with saturated fatt y acids remain relati vely stable.
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Polyoxyglycerides or macrogolglycerides can be produced through polyglycolysis of vegetable oils 
with polyoxyethyleneglycols (PEG) of certain molecular weight under heati ng and catalysati on. 
They are water-soluble and their physical appearance range from viscous lipids to solids at room 
temperature depending on the compositi on of defi ned mixtures of mono-, di- and triglycerides 
and mono- and diesters of PEG. Among others, they may be composed of saturated medium 
chain fatt y acid esters like lauroyl polyoxylglycerides (Gelucire® 44/14) or saturated long chain 
fatt y acids like stearoyl polyoxylglycerides (Gelucire® 50/13). 
Ethoxylated lipids are widely used as surfactants and to increase bioavailability of poorly-soluble 
drugs, one of the main products representi ng this group is ethoxylated castor oil (Cremophor® 
EL).

Polyalcohol esters of edible fatt y acids are amphiphilic compounds with high to medium HLB 
depending on their degree of esterifi cati on and the type of alcohol used. The alcohols may be 
amongst others polyoxyethylene-glycols (PEG-8 stearate: Mirj® 45) or sorbitan (sorbitan mo-
nooleate: Span® 80). They are used as solubilizers or as components of self-emulsifi ng systems in 
bioavailability enhancement (Jannin et al. 2008).

Next to high sophisti cated analyti cs of fats and lipids such as HPLC and GC methods are the clas-
sical methods which are sti ll part of pharmacopeial specifi cati ons. The acid value is used for 
the quanti fi cati on of free (unesterifi ed) fatt y acids, the hydroxyl value determines free hydroxyl 
groups from hydroxyl fatt y acids, fatt y alcohols, mono- and diglycerides as well as free glycerol 
combined, the peroxide value detects oxidati ve deteriorati on and the iodine value measures the 
saturati on of hydrocarbon chains. It is to note that not all unsaturated bond react as trans-fatt y 
acids add halogen only slowly and some not at all, e.g. unsaturated bonds in phytosteroles. The 
saponifi cati on value is an indicati on for the average molecular weight of the fatt y acids from a 
triacylglyceride mixture.

There are diff erent techniques to produce lipid based formulati ons. One of the simplest and so far 
most common technology has been the capsule fi lling, where liquid or semi-solid have been en-
capsuled by soft  or hard gelati ne capsules (Jannin et al. 2006). Several considerati ons have to be 
taken into account with this technology e.g. the compati bility of the excipients with the capsule 
shell (Cole 1989) or the fi lling temperature and viscosity of the formulati on. So far a range of drug 
products are manufactured according to this technique as there are e.g. amprenavir, cyclosporin, 
lopinavir or progesterone soft  capsules and fenofi brate, ibuprofen or indomethacin hard capsules 
(Strickley 2007).

Spray cooling or spray congealing, a technique where a molten formula is sprayed into a cool-
ing chamber, can be used to produce small solid lipid parti cles (Erni et al. 1980). These may then 
be used for tabletti  ng to produce controlled release dosage forms (Savolainen et al. 2003). One 
key parameter is the drug load of the formulati ons, as this infl uences the viscosity, as dispersions 
generally tend to be more viscous than soluti ons. So far a maximum of 30 % drug load has been 
reported (Passerini et al. 2006). Similar to this method bigger spherical pellets can be obtained 
through a process where a melted suspensions is dropped onto a cooled surface (Pallagi et al. 
2004).
The same equipment used for spray cooling can be used for spray drying where a liquid is sprayed 
into a hot air chamber to evaporate the volati le fracti on, e.g. organic solvents or water (Cao et al. 
2007). The process yields microparti cles which may be compressed into tablets or used for other 
manufacturing steps, similar to parti cles obtained through spray cooling.
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A simple, one-step procedure to produce granules based on lipids is the melt granulati on or 
pelleti sati on (Everard et al 1999). In a high shear mixer the lipid excipient is either molten and 
sprayed onto the powder mix or the excipient is blended with the powder mix and allowed to 
melt through fricti onal forces during mixing. The key parameters to this process are mixing ti me, 
impeller speed, binder parti cle size and the viscosity of the binder during melt granulati on (Seo 
et al 2001). Lipids that are used in this process amongst others are waxes (Zhou et al 1996) and 
acylglycerides (Hamdani et al. 2002). Typically, lipid binders are used in concentrati ons between 
15 and 25 % depending on the fi neness of the powder mixture. Further formulati on parameters 
that should be considered during melt granulati on are the drug parti cle size and shape, the melt-
ing point and thermoplasti c behaviour of the binder and solubility of the binder (Jannin et al. 
2008). Again the obtained granules or parti cles may be used for further processing such as the 
preparati on of tablets (Saraiya et al. 1990). A variati on of this technique is the preparati on of lipid 
spheres in a rotary fl uidized bed process (Gauthier et al. 2003).

Another technique which off ers the advantage of being solvent free and which allows high drug 
loading as well as content uniformity for high potency low dose acti ves is the extrusion or extru-
sion/spheronisati on process. In the past lipid based excipients have been included as additi ves 
to classic extrusion formulati ons, mainly with MCC as a binder (Liu et al. 2001, Singh et al. 2007). 
This was used to modify the release to obtain either enhanced dissoluti on or bioavailability of 
poorly soluble drugs (Hulsmann et al 2000) or a controlled release (Miyagawa et al. 1996). 
The fracti on of lipid binders were around 4 to 40 % and the drug load varied from 10 % to around 
50 %. In some cases a thermal treatment of the resulti ng pellets or granules were performed aft er 
extrusion/spheronisati on to achieve the desired release properti es (Singh et al. 2007).
The cases in which lipids were used as an exclusive binder without the use of polymers or other 
common excipients are rare. In all cases, a melt-extrusion process is described where the formu-
lati on is extruded at temperatures above or around the melti ng point of the used lipid excipient 
(Prapaitrakul et al. 1991). Extrusion of triacylglycerides and acylglycerides at temperatures about 
10 °C below the melti ng point of the lipids resulted in prolonged release profi les (Reitz 2007).
For polyoxylglycerides (Pinto et al. 2001) and acylglycerides (Breitkreutz et al. 2003) extrudability 
at room temperature in a cold extrusion was shown to be possible. The extrusion of Witocan® 
42/44 as the binder with high amount of sodium benzoate resulted in immediate release granules 
with cylindrical shape which were coated with a saliva-resistant coati ng to achieve delayed drug 
release (Breitkreutz et al. 2003). 
Another technique for lipid-based oral drug delivery are solid lipid nanoparti cles (SLN), fi rst de-
scribed by Speiser (1990) as the manufacturing of lipid microparti cles by spray-congealing. Classic 
components of SLN are glyceryl dibehenate as the solid matrix and poloxamers or polysorbates 
as surfactants. SLN can be produced through hot or cold high pressure homogenizati on. For both 
techniques the drug is dissolved or solubilized in the molten lipid. Aft erwards it is either dispersed 
in a hot surfactant soluti on and homogenized or it is cooled, grounded and then dispersed in 
cold surfactant soluti on and then homogenized (Müller et al. 2000). Further manufacturing tech-
niques include producti on through microemulsions which have the disadvantage of resulti ng in a 
relati vely low concentrati on and yield of SLN and the use of solvents, or through a precipitati on 
method (Siekmann et al. 1996) similar to the preparati on of polymeric nanoparti cles by solvent 
evaporati on, with the disadvantage of also needing the use of solvents. They have been mainly 
used for controlled release in the topical administrati on (Souto et al. 2005), but can also be used 
to increase the oral bioavailability of drugs in additi on to the control of their release (Hu et al. 
2004).
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3. Taste testi ng
Our sense of taste enables us to evaluate food and drinks. This evaluati on promotes the ingesti on 
of nutriti ous substances and should prevent the consumpti on of potenti al poisons or toxins. 
The sensati on of taste is mediated by taste buds located in the epithelium of the tongue. They are 
composed of groups of 50 to 150 columnar taste receptor cells (TRC) which are arranged to form 
a small taste pore through which microvilli from the taste cells extend. These microvilli of the 
taste cells bear taste receptors. In between the TRC are a network of dendrites of sensory nerves 
which are called “taste nerves”. The TRC are sti mulated by binding chemicals which results in a 
depolarizati on that is transmitt ed to the nerve fi bres. The resulti ng acti on potenti al is transmit-
ted to the brain. It is interesti ng to note that this nerve transiti on is possible to adapt to a certain 
sti mulus, e.g. the initi al sti mulus results in a strong discharge in the nerve fi bre which diminishes 
over ti me to a steady-state level.

Five diff erent types of taste are commonly recognized: sweet, indicati ng energy rich nutrients 
(sugars); salty, indicati ng salts like NaCl and important for the electrolyte balance; sour, indicati ng 
acids; umami (the Japanese word for deliciousness) resulti ng from amino acids and bitt er, indi-
cati ng natural toxins like alkaloids. Each of the tastes has unique biochemical signalling pathways 
and some e.g. bitt er taste recogniti on use multi ple pathways. 

A large number of molecules evoke taste sensati ons through a rather small amount of taste re-
ceptors. There are diverse mechanisms which are related and based on the structural and chemi-
cal diversity of substances for taste transducti on, but all taste pathways are proposed to converge 
on common elements that mediate a rise in intracellular Ca2+ (Gilbertson et al. 2000). Some taste 
transducti on pathways convert chemical informati on into cellular second messenger code (e.g. 
inositol triphosphate IP3) and these messengers are typically part of a signalling cascade which 
leads to TRC depolarizati on and Ca2+ release. Other substances themself may consti tute all or part 
of the initi al cellular signal (e.g. Na+, K+, H+).
Bitt er taste is transduced through a range of diff erent structures and compounds which bind to 
a family of about 30 T2R receptors. This binding leads to a transducti on process such as receptor 
processes that use sti mulus-gated ion channels, receptor mediated producti on of second mes-
sengers and even direct entry of some non-polar sti muli into the receptor cell.
Salty and sour taste is transduced through specifi c ion channels whereas umami binds to sev-
eral types of glutamate receptors. So far the molecular mechanism behind the salty taste is only 
poorly characterised. 
Recently, a new receptor type (CD36) has been identi fi ed with a high affi  nity for fat, or rather fatt y 
acids which may indicate a molecular basis for fat preferences in our dietary uptake. It is an inte-
gral membrane glycoprotein and facilitator of fatt y acid uptake (Laugerett e et al. 2005). 
Thresholds for detecti on varies a lot even among substances that taste the same, but usually bit-
ter substances have very low thresholds e.g. quinine, a very bitt er tasti ng substance and used by 
the Eur. Pharm. for the establishment of bitt erness values, has a threshold of about 0.000008M 
whereas the threshold for NaCl is about 0.01M. 
There is also a geneti cally determined diff erence in taste sensiti vity among humans which is fur-
ther increased through cultural adopted taste preferences. 

The bitt er taste of a large group of drug substances accounts for the majority of taste issues and 
problems in the development of paediatric drug formulati ons. Palatability is an important fac-
tor in pati ent compliance. Although adults might think that bitt er tasti ng medicine work bett er, 
this is not the case for children. Taste might not be such a big issue with single dose medicati on 
schemes, but it is a major issues in multi ple dose regimens for children with chronic diseases 
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where regimen adherence and compliance is important. Children might refuse to take their medi-
cati on completely due to taste issues. Bett er tasti ng medicines make it easier for parents or care-
takers to administer the needed medicati on to children. Aft er effi  cacy and safety, one of the most 
important features in anti bioti c formulati ons for parents was the taste or palatability of the for-
mulati on (Toscani et al. 2000).

It is known that children are living in a diff erent sensory world than adults. They have a prefer-
ence for sweet substances which decreases during childhood to resemble that of adults during 
late adolescents (Liem et al. 2002) whereas for bitt erness a higher aversion is existi ng, especially 
in the very young children. However, palatability studies are oft en conducted with adult volun-
teers, even though a comparison might be diffi  cult, as studies showed diff erences when taste rat-
ings of various anti bioti cs by children and adults were compared (Matsui et al. 1997). 

Ideally, taste testi ng should be performed with the designated target group of the formulati on. In 
case of paediatric formulati ons it should therefore be tested in children. There are a number of 
regulatory concerns regarding taste test in children. This is further complicated through diff erent 
legislati on in diff erent countries. A palatability study in Germany is regarded as a clinical study, 
which implies considerable more eff ort, work and diffi  culti es unti l approval than a palatability 
study in the UK, where it is not regarded as a clinical study. In contrast to the US under EU regula-
ti on no taste studies with healthy volunteers are allowed in children, as there are ethical concerns 
about the lack of potenti al benefi t to the parti cipants as well as possible risks of adverse eff ects 
from the medicati on. 
In general the method and design have to be carefully chosen and the age of the parti cipati ng 
children has to be taken into account. The number of tested products is usually limited to a maxi-
mum of four to avoid taste fati gue and confusion of the children (EMEA 2003). The judgment 
methods can include spontaneous verbal judgment or hedonic scales, with the hedonic scales 
being a more standardized procedure. Both methods have been applied in studies including chil-
dren from 4 years of age even though the same study suggested that correlati on between verbal 
and hedonic assessment varies, especially in younger children (Sjövall et al. 1984).

One way to overcome the problems associated with human taste panel test, especially with chil-
dren, is the taste assessment with electronic systems. Several systems for electronic taste meas-
urements, called electronic tongues, have been developed in the last 10 years (Toko 1998, Legin 
et al. 2004). Currently available on the market are two systems, the αAstree E-tongue (Alpha-
MOS, Toulouse, France) and the Insent Taste Sensing System SA402B (Intelligent Sensor Tech-
nology, Atsugi, Japan). Both are based on the principal of potenti ometry with Ag/AgCl reference 
electrodes. They are used to evaluate bitt erness in paediatric formulati ons (Ishizaka et al. 2004, 
Kayumba et al. 2007) or the taste masking ability of diff erent formulati ons (Hashimoto et al. 2007, 
Li et al. 2007). So far studies suggest that e-tongues can be used as a valuable tool in formulati on 
screening and taste assessment (Sadrieh et al. 2005) and it is likely to reduce the number of pal-
atability studies and/or number of needed parti cipants. Researchers have found that especially 
in early phases of drug development e-tongues off er valuable insight into general palatability as-
pects and result in important informati on about taste masking abiliti es of certain formulati ons. 
The researchers claim that much more investi gati on has to be done before electronic systems 
are able to replace human taste panel enti rely, but they might lessen the need for them in some 
cases. 
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4. Taste masking
Taste masking can be defi ned as a perceived reducti on of an undesirable taste that would other-
wise exist (Sohi et al. 2004). Various techniques can be used to achieve this reducti on with diff er-
ing success. There are numerous papers and patents in the literature on taste masking of phar-
maceuti cals. The main techniques are briefl y discussed in the present chapter.

Taste masking in liquid or chewable formulati ons oft en involves the use of fl avouring agents and/
or arti fi cial sweeteners. It is the foremost and the simplest approach for taste masking. Children 
usually prefer sweet preparati ons with a fruity fl avour, though regional diff erences and preferenc-
es, as always with taste, exist. Adding sugars may increase the palatability, but chronic use of such 
medicati on is problemati c due to its associati on with excessive dental disease (Pawar et al. 2002). 
Citrus and red berry fl avours are popular in central Europe, whereas bubble gum is a favourite in 
the US and liquorice is very popular in Scandinavia. An important aspect to take into considera-
ti on is the fl avour stability and compati bility with the pharmaceuti cal formulati on. The additi on 
of phospholipids like lecithin has also been described in literature as a way to mask unpleasant 
bitt er taste (Katsuragi et al. 1997, Suzuki et al. 2003). 

Other taste masking techniques for liquid formulati ons make the drug insoluble in the liquid 
matrix and by this eff ecti vely removing the drug from the ready access to taste receptors in the 
mouth (McNally et al. 2006). This can be achieved through pH adjusti ng, increased parti cle sizes, 
increased viscosity or the chemical modifi cati on of the drug e.g. the use of insoluble prodrugs or 
salts.
Complexati on is another technical approach for taste improvement, even though most suitable 
only for low dose drugs. Like solubility, modifi cati on factors such as pH and ionic strength of the 
soluti on aff ect the equilibrium between bound and free drug in soluti on. β-cyclodextrin, a sweet, 
cyclic oligosaccharide obtained from starch, is the most widely used complexing agent. Bitt er 
taste reducti ons of about 50 % could be obtained through the preparati on of 1:1 complex with 
cyclodextrin (Kurasumi et al. 1991).

Ion exchange resins are another approach to complexati on where charged drug molecules can 
att ach to the oppositely charged resin substrate. Insoluble adsorbates or resinates are formed 
through weak ion bonding thus ensuring no dissociati on under saliva pH conditi ons. Drug mol-
ecules are released by exchanging with suitable charged ions in the gastrointesti nal tract. The 
most frequently used polymeric network is a copolymer of styrene and divinlybenzene (Sohi et 
al. 2004). The unpleasant taste of various bitt er tasti ng drugs can be masked through the use of 
polystyrene matrix cati on-exchange resins (Indion CRP-244, Indion CRP-254) as described in the 
literature (Manek et al. 1981). Other used polymers are sodium polystyrene sulfonate (Honeysett  
1992) or polyacrylic acid (Blase 1993).

Another feasible opti on for the taste masking of solid formulati ons is the coati ng with polymers 
to achieve a physical barrier and thus minimizing the contact between drug and taste buds. One 
downfall is the additi onal process step, as well as the use of excipients with someti mes low accept-
able daily intake values (ADI) or criti cal toxicological evaluati on, especially in case of the chron-
ic use of paediatric medicati on, and the need for solvents in this process step. Various coati ng 
agents such as cellulose derivates (HPC, HPMC, CMC, EC), methacrylic acid copolymers (Eudragit) 
or shellac are used for taste suppression of bitt er tasti ng drug and are described in the literature 
(Sohi et al. 2004). 
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A similar approach is the taste masking through a lipid coati ng. Faham et al. (2000) coated gran-
ules with molten glycerol dibehenate and Sugao et al. (1998) coated microparti cles with a hydro-
genated oil and surfactant mixture in a fl uidized bed.

Microencapsulati on is another technique to achieve small-sized taste masked parti cles. Micropar-
ti cles can be prepared through either spray drying, phase separati on (coacervati on) or through 
solvent evaporati on. For spray drying, the polymer is dissolved in a suitable solvent and drug add-
ed to form a soluti on or suspension and then the solvent is evaporated through spray drying. Both 
other methods are based on an emulsion of an aqueous drug soluti on and a polymeric organic 
soluti on. This W/O-emulsion is then either dispersed in a large volume of a polyvinyl alcohol con-
taining aqueous phase, which leads to coacervati on, or a phase separator like silicon oil is added, 
which also leads to polymer coacervati on on the drug parti cles. Usually organic solvents have to 
be used and suitable techniques have to be applied to remove these from the formulati ons. In lit-
erature, the preparati on of taste masked diclofenac sodium microcapsules with suffi  cient rate of 
drug release has been described by Al-Omran et al. (2002). The taste of salts of basic drugs was 
masked using a W/O/W emulsion solvent evaporati on method to produce microspheres and was 
described by Hashimoto et al. (2002). Fast-disintegrati ng tablets compressed out of micropar-
ti cles with taste masking properti es have been described by Dobetti   (2003). The microparti cles 
were prepared by a phase separati on method and contained ibuprofen as a model drug.

Incorporati on of drug in lipophilic matrices can also lead to improvement of taste, as Suzuki et 
al. (2004) showed by preparing chewable tablets with acetaminophen and hard fat (Witocan®) 
as the matrix base, resulti ng in suppressed bitt erness of the tablets. Several sweetening agents, 
such as xylitol, aspartame or sucrose and lecithin were added to the formulati ons to further 
improve taste and oral feeling of the tablets. The unpleasant taste of clarithromycin could be 
masked through an incorporati on into a wax matrix consisti ng of 60 % glycerol monostearate and 
10 % aminoalkyl methacrylate copolymer A (Yajima et al. 1999).

It can be concluded that there are numerous opti ons for taste masking strategies. However, only 
few of them have been developed for paediatric purposes. Oft en the employed excipients are 
criti cal for paediatric use. There is an urgent need for novel taste masking strategies for the pae-
diatric drug development.
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C  Results and Discussion

1. Sodium benzoate infusion

1.1 Introducti on

The need for a sodium benzoate infusion results from the aeti opathology of NKH. As also new-
borns are eff ected by the disease, a suitable dosage form should be available for this age group as 
well. In the EMEA refl ecti on paper “Dosage forms of choice for the paediatric populati on” (EMEA 
2005) a suitable dosage form for preterm and term newborn infants is an i.v. soluti on, as seen in 
Table 2. Furthermore, it is the standard route of administrati on on intensive care units (ICU). As 
most children with NKH are severely aff ected and hospitalised in their fi rst weeks of life a sodium 
benzoate infusion is a necessary and potenti ally life-saving treatment. So far, in clinical practi ce 
the respecti ve hospital pharmacies are the providers of these i.v. soluti ons. As there is no recom-
mended or fi xed concentrati on for the strength of the infusions, contents may diff er. Most likely, 
10 % sodium benzoate soluti ons are prepared which have to be diluted prior to administrati on. 
The BNF for children 2006 recommends an injecti on with 200 mg/ml in a 5 ml ampoule (20 % 
soluti on) which, for intravenous infusion, should be diluted with 0.9  % NaCl (or 5/10 % Glucose) 
soluti on to 20 mg/ml (2 %). As recent studies about intravenous medicati on errors suggest (Wirtz 
2003, Taxis 2003), typical preparati on error rates are around 22 %. This includes incorrect prepa-

Route 

Dosage Form

Preterm 
newborn 
infants

Term 
newborn 
infants 

(0d–28d)

Infants
and

Toddlers 
(1m – 2y)

Children
(pre 

school)
(2 – 5y)

Children 
(school)

(6 – 11y)

Adolescents

(12 – 16/18y)
Peroral

Soluti on/Drops 2 4 5 5 4 4
Emulsion/

Suspension
2 3 4 5 4 4

Eff ervescent DF* 2 4 5 5 4 4
Powders/

Multi parti culates
1 2 2 4 4 5

Tablets 1 1 1 3 4 5

Capsules 1 1 1 2 4 5
Orodispersable 

DF
1 2 3 4 5 5

Chewable tablets 1 1 1 3 5 5
Parenteral

i.v. Soluti on 5 4 4 4 4 3
i.m. 3 3 3 4 4 3
s.c. 4 4 4 4 4 3

Table 2: Dosage forms of choice (EMEA); 1 = not applicable 2 = applicable with problems 
              3 = probably applicable 4 = good applicability 5 = best and preferred applicability.
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rati on or miscalculati on, which lead to dosing errors, which can be partly avoided by using ready-
to-use formulati ons. So far, there is only one product available on the market containing sodium 
benzoate: Ammonul® Injecti on 10 %/10 % (Ucyclyd Pharma, Inc.) contains 10 % sodium phenyl-
acetate and 10 % sodium benzoate in soluti on. It is used for the treatment of acute hyperam-
monemia and associated encephalopathy in infants, children and adults with urea cycle enzyme 
defi ciencies. In 2005 Ammonul® got the FDA approval as orphan drug for urea cycle disorders. 
Before administrati on the injecti on has to be diluted with 10 % dextrose soluti on. The dosage 
is determined by weight for neonates, infants and young children and by body surface area for 
elder pati ents (adolescents and adults). Both drug substances contained in the soluti on remove 
nitrogen via alternate non-urea cycle enzymati c pathways (see Figure 2). As explained above, 
sodium benzoate conjugates with glycine to form hippuric acid and binds one mole of nitrogen 
for every mole sodium benzoate. Phenylacetate conjugates with glutamine in liver and kidneys 
to form phenylacetylglutamine (PAG) via acetylati on. PAG binds two moles of nitrogen for every 
mole phenylacetate and is therefore more potent in the reducti on of waste nitrogen than sodium 
benzoate. One concern regarding Ammonul® is the high concentrati on of sodium in the undiluted 
product with 30.5 mg/ml or 1.3 mol/L. 
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Figure 2: Schemati c illustrati on of the alternati ve pathway for nitrogen disposal through ben-
zoate and phenylacetate (FDA).
CPS = carbamyl phosphate synthetase; OTC = ornithine transcarbamylase
ASS = argininosuccinate synthetase; ASL = argininosuccinate lyase
ARG = arginase; NAGS = N-acetylglutamate synthetase



Therefore a sodium benzoate soluti on would not only benefi t children aff ected by NKH, but would 
also be an alternati ve treatment for other pati ents, e.g. urea cycle disorders or liver cirrhosis (Oy-
anagi et al. 1987, Nassonge et al. 2005 and Sushma et al. 1992). Sodium benzoate may substi tute 
substances like sodium phenylacetate and sodium phenylbutyrate (PB). Sodium phenylbutyrate 
is the acti ve substance in Ammonaps® (Swedish Orphan Internati onal AB) an approved orphan 
drug by the EMEA and FDA (marketed in the US as Buphenly® by Ucyclyd Pharma). It is indicated 
as adjuncti ve therapy in the chronic management of urea cycle disorders and available as 500 mg 
tablets as well as granules. PB is a pro-drug and is rapidly converted to phenylacetate by β-oxida-
ti on.

1.2 Formulati on development

Several aspects had to be taken into considerati on for the development of a sodium benzoate 
infusion. The concentrati on should be suitable for direct infusion without diluti on to avoid un-
necessary dosing errors through calculati on mistakes or preparati on errors. The risk of hyper-
natremia has to be taken into account (Praphanphoj et al. 2000) as the concentrati on of sodium is 
high due to the salt form of the drug. The sodium concentrati on increases through adding sodium 
chloride soluti on as a diluent. The sodium requirement is about 3-5 mmol/kg bodyweight per day 
(Deutsche AG für künstl. Ernährung 1986, CHMP 2005). Furthermore, osmolality and volume of 
the soluti on have to be considered. Hyperosmolar injecti ons may irritate small veins and produce 
thrombophlebiti s and extravasati on, hypoosmolar injecti ons may induce haemolysis. The solu-
ti on should have a suitable, i.e. physiological osmolality as well as a suitable infusion volume. As 
seen in Table 3, infusion volumes for children are limited, starti ng as low as 40-60 ml/kg in 24 h 
for a newborn (CMPH 2005). 

Table 3: Approximate daily fl uid requirements.

In the present investi gati ons a 2 % sodium benzoate soluti on for infusion was developed that 
meets the afore menti oned requirements. A 2 % soluti on of sodium benzoate is suitable in terms 
of volume per dose and through the additi on of potassium chloride and calcium chloride, an ad-
equate osmolality range is reached. This formulati on followed the compositi on of a Ringer-solu-
ti on in which the sodium chloride was replaced by sodium benzoate. The soluti on consists of 20 g 
sodium benzoate, 0.3 g potassium chloride and 0.33 g calcium chloride – dihydrate in 1L disti lled 
water. A 3 kg infant with a daily dose of 500 mg sodium benzoate/kg bodyweight per day would 
receive 75 ml of this infusion, which would leave 225 ml out of the 300 ml daily fl uid require-
ments for other infusion, as either medicati on or dietary supply. Regarding sodium intake, 75 ml 
of the soluti on comprise 10 mmol Na+, which is half of the amount in a diluted soluti on (Table 4), 
and only a small part of the daily requirement of 27-45 mmol sodium for a 3 kg infant. The theo-
reti cal osmolarity was calculated as 263 mosmol/L.

Infusion volume for children
Weight [kg] < 3 3 - 10 11 - 20 > 20 kg
Volume/24 h 150 [ml/kg] 100 [ml/kg] 1000 ml + 50 ml 

per kg from 11-20kg
1500 ml + 20 ml
 per kg > 20kg
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Table 4: Ion concentrati ons [mmol/L] for diff erent formulati ons.

Through the novel formulati on the sodium burden for the children is decreased by half. The for-
mulati on is isotonic and the electrolyte compositi on is well balanced.

1.3 Packaging, stoppers and compati bility

For packaging type I (neutral glass with high hydrolyti c resistance) 100 ml glass containers were 
used, which are suitable for parenteral use. As closures halogenated butyl rubber stoppers as well 
as silicon stoppers with a fl uorocarbon coati ng (“Tefl on stoppers”), were used. Bromobutyl and 
chlorobutyl rubber is produced through the reacti on of bromine or chlorine with butyl rubber 
(polyisobutylene). Through this process an improvement of resistance to fl ex fati gue, compres-
sion as well as chemical resistance is achieved. The additi onal coati ng of stoppers reduces drug 
and excipient migrati on into the stopper material and can therefore benefi t the shelf life or stabil-
ity of drug products. It is known that diff erent qualiti es of halogenated butyl rubber closures can 
display physical behaviour, e.g. moisture absorpti on and desorpti on (Corveleyn et al. 1997). To 
investi gate the possible infl uence of the chosen closure material on drug product stability, all of 
the above menti oned stoppers where used as closures and a suitable amount of vials with each 
stopper variety were stored for stability testi ng. 

1.4 Stability testi ng

Stability testi ng was conducted using the three diff erent closure varieti es in the same glass type I 
100 ml vials. The conditi ons were chosen based on the ICH guidelines for stability testi ng CPMP/
ICH/2736/99 (CPMP 2003). 9 bott les each for bromo- and chlorobutyl rubber closures, as well 
as 6 for the tefl on coated stoppers were stored at 40 °C and 3, respecti vely 2 bott les, each were 
analysed aft er 3, 6 and 12 months. The remaining vials were stored at room temperature and an-
alysed every 3 months in a period of 24 months, again at each ti me point 3 bott les of each halo-
genated butyl rubber type closure and two bott les of the coated stopper were investi gated. The 
tested parameters were sodium benzoate content, measured by a validated HPLC method, and 
ion content (sodium, potassium and calcium), measured by a validated AAS method. At the be-
ginning the osmolality was checked, using a freezing point osmometer and the pH was recorded 
at the beginning and aft er 24 months. The measured osmolality was 270 mosmol, which is close 
to the calculated value of 263 mosmol. The pH of the soluti on remained unchanged in vials with 
chlorobutyl closures and changed only slightly in the coated stoppers, i.e. dropped about 0.05 
from 7.65 to 7.6. The biggest change was observed in soluti ons with contact to bromobutyl rub-
ber closures, here the pH was raised to 8.0 within the observed ti me period and would therefore 
be unsuitable for infusion volumes (see Table 5).
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Diluted 10%-soluti on 2% Ringer-Benzoat-soluti on
2 g sodium benzoate

0.72 g sodium chloride
2 g sodium benzoate

Sodium 262 139
Benzoate 139 139
Chloride 123 9
Potassium – 4
Calcium – 2.2



Table 5: pH values over ti me in sodium benzoate infusions under stability testi ng (room tempera-
ture, storage for 24 months).

The sodium benzoate content was stable over 24 months for all tested vials stored at room tem-
perature, regardless of the used closure variety. As displayed in Figure 3 no signifi cant diff erences 
could be detected over the investi gated ti me period. All contents are in the range of 95 to 105 % 
of the nominal value. The same applied to the vials stored under accelerated conditi ons at 40 °C. 
Within the fi rst six months, a slight drop could be seen for all stopper varieti es, but the content 
aft er 12 months remained stable at approximately 100 % of the nominal value. No decomposi-
ti on peaks were observed in the chromatograms neither under long term nor under accelerated 
conditi ons. 
For the evaluati on of the respecti ve ion contents, measurement was performed by AAS. As ioni-
sati on interferences and physical interferences are described as common problems in the analy-
sis of alkali (Na+, K+) and alkaline earth metals (Ca2+) (Technical Documentati on, Perkin Elmer) the 
matrix infl uence of the samples were analysed before actual sample measurements took place. 
Calcium, potassium and sodium concentrati ons were analysed for all vials with diff erent stopper 
varieti es separately over 24 months for the vials stored at room temperature and 12 months for 
the ones stored under accelerated conditi ons.

Figure 3: Sodium benzoate concentrati ons during storage under room conditi ons determined by 
HPLC (n = 6; mean ± SD).

Bromobutyl stoppers Chlorobutyl stoppers Tefl on stoppers
0 Months 7.69 7.69 7.65
24 months 8.00 7.70 7.60
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Figure 4: Sodium benzoate concentrati ons, determined by HPLC, during storage under accelerated 
conditi ons at 40 °C (n = 6; mean ± SD).
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Figure 5: Calcium concentrati ons during storage under room conditi ons determined by AAS 
(n = 6; mean ± SD).
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Figure 6: Calcium concentrati ons, determined by AAS, during storage under accelerated condi-
ti ons at 40 °C (n = 6; mean ± SD).

Figure 7: Sodium concentrati ons during storage under room conditi ons determined by AAS 
(n = 6; mean ± SD).
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In Figure 5 and Figure 6 the calcium concentrati ons of all sample varieti es under normal and ac-
celerated conditi ons, respecti vely, are displayed. There were no diff erences concerning closure 
variety at both temperature levels and no diff erences in content between these levels. The same 
observati ons are applicable to the sodium content as can be seen from Figure 7 and Figure 8, 
even though the standard variati ons were higher. The determined content varied over ti me, but 
sample contents stayed within the limit of ± 5 % of the nominal content and no clear tendency 
of progressive lower or higher values could be detected. Concerning the potassium content, (see 
Figure 9 and Figure 10) no diff erence between storage conditi ons or closure variety was detect-
able. 
Therefore, the variati ons were att ributed to dose variati ons within the vials under investi gati on 
and scatt ering in the analyti cal methods. 
The conclusions in respect of the developed formulati on are as follows: the used closure varieti es 
did not infl uence the stability of the formulati on or the content of any of the used ingredients. 
There was no detectable temperature infl uence, as storage at 40 °C over a year did not lead to any 
detectable degradati on or variati on in content.
All analysed concentrati ons stayed within the set limits of ± 5 % of the declared content. Resulti ng 
from the above data, it is recommended to use chlorobutyl rubber closures as they have the same 
qualiti es as the tefl on coated closures and are economically more viable. The bromobutyl rubber 
closures should not be used, as the soluti ons in contact displayed an elevated pH aft er storage. 
This should be avoided, as larger volumes of soluti ons with deranged pH values may cause irrita-
ti on and pain for the pati ent.

Figure 8: Sodium concentrati ons, determined by AAS, during storage under accelerated conditi ons 
(n = 6; mean ± SD).
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Figure 9: Potassium concentrati ons during storage under room conditi ons determined by AAS
(n = 6; mean ± SD).

Figure 10: Potassium concentrati on, determined by AAS, during storage under accelerated condi-
ti ons (n = 6; mean ± SD).
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2. Multi parti culate formulati ons

2.1 Extrusion/spheronisati on

2.1.1 Introducti on

Pellets are increasingly used, multi parti culate drug dosage forms. The term pellet is used by a 
number of industries to describe a variety of agglomerates. Pellets in the pharmaceuti cal context 
are defi ned as isometric agglomerates with a smooth surface, a narrow size distributi on and typi-
cal diameters of 0.2 to 2 mm (Kleinebudde 1997). They have several advantages in comparison to 
conventi onal monolithic dosage forms. The gastrointesti nal transit ti me is more uniform and less 
sensiti ve to food infl uences. The inter- and intraindividual variability is therefore reduced. Due to 
the spherical shape, they are ideal parti cles for the applicati on of coati ngs. The danger of intoxi-
cati ons due to dose-dumping through leakage of applied functi onal coati ngs is minimized. As the 
drug is released over a larger area within the gastrointesti nal tract, local irritati ons and side ef-
fects are reduced. 

In the case of paediatric drug delivery pellets have several additi onal benefi ts. If a liquid formula-
ti on, which is the dosage form of choice for under 2-year-olds (see Table 2), is not applicable as 
in the case of sodium benzoate due to taste issues, small pellets can be sprinkled on food and be 
given even to small children. Furthermore, they are also the dosage form of choice for peroral ad-
ministrati on to over 2 year old children (EMEA refl ecti on paper “Dosage forms of choice for the 
paediatric populati on” 2003). Dose adaptati on for this very heterogeneous pati ent group is easy 
compared to monolithic dosage forms.

There are several preparati on methods for pellets. One is the direct pelleti sati on, either wet pel-
leti sati on using a liquid binder or melt pelleti sati on using higher temperatures to melt the binding 
agent. This is usually performed in high-shear mixer/granulators or in fl uidised bed granulators. 
Another method is the layering of seeds which leads to heterogeneous pellets with a core and a 
shell. Several techniques can be used for the producti on as there are (rotor) fl uidized bed granu-
lators or pelleti sati on discs (Kleinebudde 1997). In this work, pellets were produced by an extru-
sion/spheronisati on process.

Extrusion is a process where plasti cized material is pressed through defi ned openings. It is not 
only used in the pharmaceuti cal industry, but also in the food, ceramics and polymer industries. 
The type of extruders can be divided into several main classes: screw, sieve and basket, and roll 
and ram extruders (Vervaet et al. 1995). Screw extruders have one or two screws that feed the 
plasti cized mass to an axial or radial extrusion die. The twin screw extruders can have counter- 
or co-rotati ng screws, where the co-rotati ng screws have the advantage of being self-cleaning. 
The extent of pressure built up in axial screw extruders depend on screw geometry, process para-
meters, mass properti es and die design. The radial set up leads to a low pressure extrusion. 
Extrusion can be diff erenti ated into two process types, wet- and melt-extrusion. Producing pel-
lets through a wet extrusion/spheronisati on process includes several steps. A powdered mate-
rial/formulati on is wett ed and blended, extruded to form cylindrical extrudates, which are then 
spheronised to form spherical pellets. The last step is the drying of these pellets. This is a criti cal 
process step, as the drying method infl uences the parti cle size, surface structure and porosity of 
the pellets (Kleinebudde 1994, Bashaiwoldu et al. 2004). The advantages are the possibility of 
high drug loads (> 95 %), a narrow size distributi on with a defi ned size (0.2 to 3 mm), highly spher-
ical pellets with a high density and a smooth surface, a small volume despite high doses, high 
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throughput and the suitability for compression into tablets. Pellet characteristi cs can be modifi ed 
by variati on of compositi on and processing parameters.

In melt-extrusion, heat is applied to achieve the needed viscosity to press material through the 
die plate. To plasti cize the formulati on the material is fully or parti ally molten. As a solvent-free 
preparati on method this is advantageous as there is no residual solvent burden and it is appli-
cable for hygroscopic drugs. One drawback is the infl uence of heat stress on thermal sensiti ve 
drugs. This can be overcome by a process where no thermal infl uence is required to press the 
formulati on through the die plate. The recently introduced extrusion of formulati ons containing li-
pids can be performed at room temperature as the applied pressure during the extrusion process 
is enough to plasti cize the material. A “cold” extrusion of pellets on the basis of lipids becomes 
possible (Breitkreutz et al. 2003). So far only prolonged release pellets based on lipid binders have 
been described in the literature (Reitz 2007).

The point of origin for this part of the work has been a previous study about paediatric drug for-
mulati ons of sodium benzoate (Breitkreutz et al. 2003). In this work, granules with a lipophilic 
binder, i.e. the hard fat Witocan 42/44, containing 80 % sodium benzoate have been prepared. 
However, the prepared granules were not spherical but more cylindrical shaped. These were now 
used as a comparison, as one aim of this study was to improve the previously developed formula-
ti on to achieve spherical pellets with the same high drug load with preferably low toxicity excipi-
ents in a simple extrusion/spheronisati on process. Wet extrusion pellets prepared with MCC and 
ĸ-carrageenan were compared to lipid pellets prepared by cold extrusion. All pellet batches were 
characterised through image analysis and compared in their roundness, size and size distributi on. 
Furthermore dissoluti on studies were performed to analyse diff erences in release behaviour, as 
suitable immediate-release pellets should be obtained. 

2.2 Wet Extrusion 

2.2.1 MCC and ĸ-carrageenan

Microcrystalline cellulose (MCC) has been used as a standard extrusion/spheronisati on aid for 
decades as it can be added in small quanti ti es to various formulati ons to achieve the desired pel-
leti sati on properti es (Conine et al. 1970, Reynolds 1970). It has been widely investi gated to un-
derstand its mechanism in the wet extrusion/spheronisati on process (Kleinebudde 1997b). How-
ever, there are some disadvantages associated with MCC formulati ons, as some drugs may ad-
sorb to MCC which will alter the dissoluti on ti me (Okada et al. 1987) or cause non-disintegrati on 
of the pellets (Kleinebudde 1994). Therefore a search for alternati ve extrusion aids, which are 
able to overcome the problems associated with MCC while maintaining the positi ve properti es of 
MCC, is going on. One suitable alternati ve is the relati vely novel excipient carrageenan (Bornhöft  
et al. 2005). Carrageenans are acid polysaccharides which are produced from red seaweeds. They 
are oft en used in the food industry as thickener, binder and stabiliser. It was shown that ĸ-carra-
geenan can be used as a possible substi tute for MCC, as spherical pellets with short disintegra-
ti on ti mes and fast drug release, independent from drug solubility, could be obtained (Thommes 
et al. 2006).

To compare wet extruded formulati ons to those obtained through cold lipid extrusion, 20 % of 
binder and 80 % of sodium benzoate was always used. Furthermore in these preliminary experi-
ments, the opti on of exchanging the therapeuti cally administered sodium benzoate through ben-
zoic acid was explored. Benzoic acid is physiologically equivalent to its sodium salt form and of-
fers the advantage of reducing the sodium burden for aff ected children, who oft en suff er from 
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hypernatremia. The aspect rati o (length-width rati o) was used to describe the sphericity of the 
pellets. As seen in Figure 11 appropriate spherical pellets with AR < 1.2 could be obtained with 
MCC, and by changing the acti ve ingredient from salt to the acid form for ĸ-carrageenan. Espe-
cially in contrast to the lipid formulati on with Witocan as a binder it is obvious that it is much 
easier to produce spherical pellets with the classical wet extrusion techniques. The diff erences 
between the κ-carrageenan batches with sodium benzoate and with benzoic acid as acti ve com-
ponents can be explained by the fact that κ-carrageenan strongly interferes with sodium ions 
which aff ects the gel forming capacity (Witt gren et al. 1998). Even though benzoic acid proved to 
be superior to sodium benzoate in terms of the roundness of the pellets and the narrow size and 
shape distributi ons it proved to be inappropriate in the subsuqent drying process due to its high 
vapour pressure. During the drying step, which is needed to evaporate the residual water, ben-
zoic acid partly vaporises and the resulti ng pellets display sponge-like structures, which also can 
be found in dried extrudates (Figure 12), whereas sodium benzoate containing pellets and extru-
dates display smooth surfaces (Figure 13). Content uniformity referred to the labelled claim could 
not be achieved. Therefore benzoic acid was rejected as an acti ve component for the subsequent 
stu dies. The pellet and batch properti es of the formulati ons obtained through wet extrusion are 
displayed in Table 6. 

Table 6: Pellet and batch properti es of diff erent formulati ons.

Pellets with sodium benzoate have slightly bigger equivalent diameters than those containing 
benzoic acid. The higher loss on drying in pellets with benzoic acid can be explained by the afore-
menti oned fact, that benzoic acid vaporised during the drying step. Therefore, not only the loss 
on drying, but also the loss on acti ve substance was determined. Next to size and shape of pel-
lets another important property for the pellet quality is a narrow parti cle size distributi on. The 
10 % interval is used to describe the parti cle size distributi on, which is based on the dimension-
less diameter. It contains the fracti on of pellets within the 0.9 – 1.1 interval of the dimensionless 
diameter. This fracti on was calculated for all formulati ons. It is independent from the producti on 
method thus allowing a batch-to-batch comparison. The size distributi on was characterised as 
“good” if the fracti on of the 10 % interval exceeds 50 % (Thommes et al. 2006). All batches except 
the one with benzoic acid and MCC as a binder passed this criterion and therefore were regarded 
to have a suffi  cient narrow size distributi on.

 Formulati on  Carrageenan  MCC  Carrageenan BA  MCC BA
 Binder (20%) κ-carrageenan MCC κ-carrageenan MCC
 Acti ve (80%) Sodium benzoate Sodium benzoate Benzoic acid Benzoic acid
 Equivalent dia. 
(mm)

1.47 ± 0.24 1.42 ± 0.15 1.25 ± 0.19 1.10 ± 0.27

 Loss on drying (%) 41.7 ± 0.5 37.9 ± 0.4 92.2 ± 2.8 54.9 ± 2.2
 Yield 0.63-2.0 mm 
(%)

96 98 99 99

 10%-interval (%) 60 80 59 42
 Aspect rati o 1.3 1.11 1.07 1.08
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Figure 11: Aspect rati os of diff erent formulati ons (x1, x25, x50, x75, x99, n>500) for pellets made by 
conventi onal wet extrusion and comparison to formerly produced lipid pellets with 20 % Witocan 
42/44 as a binder (W20). For formulati on compositi on see Table 6.

Figure 12: Scanning electron micrographs of a dried pellet (left ) and dried extrudate (right) with 
80 % benzoic acid and 20 % MCC. Scale bar represents 100 μm.

Figure 13: Scanning electron micrograph of a dried pellet (left ) and dried extrudate (right) with 
80 % sodium benzoate and 20 % MCC. Scale bar represents 100 μm.
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As a conclusion the batches of sodium benzoate with MCC and κ-carrageenan were included in 
the dissoluti on studies as a reference, but were not regarded as a therapeuti c alternati ve. As 
menti oned before, benzoic acid is highly volati le and the use of κ-carrageenan is limited due to 
safety reasons. As the prescribed doses of sodium benzoate are extremely high – 250-750 mg/kg 
BW per day – only those substances can be used as excipients, which are recognised as safe in al-
most all doses (Breitkreutz et al. 2003). The database of food additi ves (JECFA) evaluated by the 
World Health Organizati on (WHO) limits the acceptable daily intake (ADI) for κ-carrageenan as 75 
mg/kg BW. This means that even without calculati ng special paediatric safety margins, the high-
est possible dose of sodium benzoate would be 300 mg/kg body weight per day, which in some 
cases is less than half of the required daily dose. Furthermore the UK Food Advisory Committ ee 
recommended the removal of carrageenan as an additi ve in infant food formulas, because of its 
ability to induce infl ammatory responses in animals (MAFF 1992). In contrast, MCC has no limita-
ti ons for ADI, but can be absorbed in the intesti nal tract through persorpti on (Pahlke et al. 1974, 
Kotkoskie et al. 1996). Due to physiological characteristi cs in the paediatric populati on the risk is 
expected to be higher in children. The lipid binders appear as a valuable alternati ve to the com-
monly used extrusion aids in the special case of high dose sodium benzoate formulati ons.

2.3 Solid Lipid Extrusion

2.3.1 Formulati on variati on

Four lipids with diff erent nature were chosen as binders for lipid pellet formulati ons. All formula-
ti ons included Witocan 42/44, a powdered hard fat, previously used for the producti on of salvia-
resistant coated sodium benzoate granules. It has the lowest melti ng range of 42-44 °C. The basic 
formulati on was therefore, analogue to the work from Breitkreutz et al. (2003), 80 % sodium ben-
zoate and 20 % hard fat. The 20 % hard fat fracti on was then varied to binary mixtures of lipids by 
exchanging 5 % through either glycerol dibehenate (Compritol 888 ATO), glycerol trimyristate (Dy-
nasan 114) or glycerol distearate (Precirol ATO 5). Furthermore, ternary mixtures were prepared 
by exchanging the 5 % through 2.5 % of two of these lipids. The compositi ons of all 7 formulati ons 
are displayed in Table 7. 

Table 7: Compositi on of formulati ons based on lipids as binders.

Formulati on Sodium benzoate

[%]

Witocan 42/44

[%]

Compritol
888 ATO

[%]

Dynasan 114

[%]

Precirol ATO 5

[%]
W20 80 20
W15 C 5 80 15 5
W15 D 5 80 15 5
W15 P 5 80 15 5
W15 C 2.5 D 2.5 80 15 2.5 2.5
W15 P 2.5 C 2.5 80 15 2.5 2.5
W15 P 2.5 D 2.5 80 15 2.5 2.5
W Witocan 42/44       P Precirol ATO 5        D Dynasan 114       C Compritol 888 ATO

Numbers indicate the percental fracti on of the lipid in the formulati on
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2.3.2 Process parameters

The same process parameters were used for all formulati ons to allow batch to batch comparison. 
The powder feed rate was always 40 g/min extruded with 50 rpm through a 2.5 mm die plate with 
23 holes of 1 mm in diameter. The extruder was cooled to 25 °C at all ti mes. The simple screw 
confi gurati on with only conveying elements was chosen to allow an easier adaptati on to other ex-
truder types. The conveying elements were inserted in order of decreasing pitch length (from 40 
mm to 20 mm). Where the high pitch values provided a homogeneous feeding and fi lling of the 
extruder barrel and the decreasing pitch values enabled a proper pressurisati on of the material 
towards the die. The extrusion process was found to be very robust. None of the tested formula-
ti ons showed any problems during extrusion and suitable smooth extrudates were produced. Un-
der the process conditi ons the extrusion aids were not thoroughly melted. The diff erent melti ng 
points of the chosen lipids are shown in Table 17 and typical DSC curves with the melti ng peaks of 
the powdered lipids are displayed in Figure 14. Hence, binding of the drug substance is achieved 
by soft ening or melti ng of small parts of the binder, but not by thoroughly molten excipients. The 
criti cal producti on step in the preparati on of lipid pellets proved not to be the extrusion, as all li-
pids, irrespecti ve of their nature and individual melti ng points, were plasti cized through the pres-
sure at the die plate and produced smooth extrudates.
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Figure 14: DSC tracks of untreated lipid powders, recorded at a heati ng rate of 10 K/min. All sig-
nals are scaled to sample weight.
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2.3.3 Spheronisati on

The criti cal process step with these lipid formulati ons proved to be the spheronisati on process. 
To fi nd the opti mal spheronisati on parameters to obtain spherical pellets, the basic formulati on 
consisti ng of 80 % SB and 20 % hard fat was rounded aft er extrusion at diff erent spheroniser tem-
peratures, speeds and for diff erent ti me intervals. Three temperatures (25 °C, 33 °C and 40 °C) and 
three spheronisati on plate speeds (750 rpm, 1000 rpm and 1500 rpm) were investi gated. 300 g 
samples were spheronised for up to 15 min. Representati ve samples were analysed by image 
analysis. 
Various parameters are used to characterise the shape of pellets as a quality property (Hellen 
1993, Podczeck et al. 1999). The parameter most commonly used and well suited for pellets pro-
duced through extrusion/spheronisati on is the aspect rati o (AR), a length-width rati o (Bouwman 
et al. 2004). A mean aspect rati o lower or equal to 1.2 was considered as suffi  cient for pharma-
ceuti cal pellets. Aspect rati os above that value were regarded as insuffi  cient (Kleinebudde 1995) 
as an indicati on of cylindrical granules, but not pharmaceuti cal pellets. The infl uence of spheroni-
sati on ti me and fricti on plate speed at a temperature of 33 °C is displayed in Figure 15. Tempera-
tures far below the melti ng point of the binder proved to be insuffi  cient as well as temperatures 
too close to it. Aspect rati os resulti ng from those experiments are not displayed. Either no pellets 
were obtained, but rather extrudate fragments due to insuffi  cient energy introducti on, or the 
extrudate fragments/cylinders started to agglomerate quickly due to melti ng of the lipid binder. 
In this study a spheroniser temperature of 10 °C below the melti ng point of the binder, i.e. 33 °C, 
revealed the best results. An increase in spheronisati on ti me and a higher elevated speed of the 
fricti on plate resulted in lower aspect rati os. 

Figure 15: Infl uence of spheronisati on ti me and speed on the median aspect rati o of a pellet for-
mulati on with 80 % sodium benzoate and 20 % Witocan 42/44 at a spheronisati on temperature 
of 33°C.
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As a result of these fi ndings further spheronisati on for all batches was set to 1500 rpm, the high-
est possible rotati ng speed of the spheroniser plate, for 15 minutes at 33 °C. 

2.3.4 Pellet form, size and size distributi on

The pellet and batch characteristi cs for all produced formulati ons are given in Table 8. The equiva-
lent diameter for lipid pellets ranges from 0.89 to 1.65 mm, depending on the used lipid mixture 
whereas the formulati ons with MCC and κ-carrageenan ranged from 1.1 to 1.47 mm.
Three formulati ons exceeded the 50 % limit for the 10 % interval and were therefore rated as 
“good”. This coincided with the three lowest aspect rati os, which all were below 1.3. Only one 
batch displayed an AR <1.2 and therefore the combinati on of 15 % Witocan 42/44, 2.5 % Dynasan 
114 and 2.5 % Precirol ATO 5 is assumed to be the best formulati on regarding size distributi on 
and shape. Concerning the characterised properti es it is close to the pellets made from MCC or κ-
carrageenan by wet extrusion. In Figure 16 box plots with the aspect rati os of pellets made from 
binary and ternary mixtures of diff erent lipids are displayed. It is obvious that the adding of Com-
pritol, which has the highest melti ng range of the investi gated lipid, has a negati ve eff ect on the 
sphericity of the pellets. Four of the batches (two ternary and two binary mixtures) show bett er 
AR and smaller size distributi ons than the reference batch. 
The comparison of the general methods, cold solvent-free solid lipid extrusion and traditi onal wet 
extrusion, shows that it is much easier to produce spherical pellets with the classical wet extru-
sion techniques. However, it is possible to achieve spherical pellets with a suffi  cient narrow size 
distributi on also with lipid binders. Process parameters have to be closely adapted to the specifi c 
formulati on, here especially in the spheronisati on process. For instance the spheronisati on tem-
perature has to be precisely adjusted to obtain suitable pellet properti es. 

Table 8: Pellet and batch properti es of diff erent formulati ons (Batch coding as in Table 7).

 Formulati on Equivalent 
dia. (mm)

Loss on drying 
(%)

Yield 0.63 -
2.0 mm (%)

10% - 
interval (%)

Aspect 
Rati o

 W15 C5 0.94 ± 0.22 – 98 43 1.46
 W15 P5 1.42 ± 0.33 – 97 43 1.31
 W15 D5 1.65 ± 0.21 – 99 72 1.28

 W15 C2.5 D2.5 0.89 ± 0.16 – 98 58 1.29
 W15 P2.5 C2.5 1.45 ± 0.33 – 97 45 1.46
 W15 P2.5 D2.5 1.61 ± 0.32 – 98 66 1.16

 W20 0.96 ± 0.21 – 98 44 1.31
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Figure 16: Aspect rati os of pellets (x1, x25, x50, x75, x99, n>500) with diff erent lipid mixtures made by 
solvent-free solid lipid extrusion.

2.4 Sodium benzoate dissoluti on 

2.4.1 Dissoluti on media and process parameter

Dissoluti on tests were performed for all batches. The infl uence of diff erent dissoluti on media, 
the temperature and the infl uence of storage conditi ons on the release profi le of the lipid pellets 
were investi gated. The basket method was employed to prevent the fl otati on of the pellets and to 
ensure complete wetti  ng during dissoluti on. Preliminary investi gati ons showed that the rota ti ng 
speed of the baskets had no infl uence on the release profi le and was therefore kept constant at 
150 rpm in all tests. It is known that dosage forms based on lipids can change their release profi les 
over ti me (Sutananta et al. 1995) as for example thermal infl uence during extrusion/spheronisa-
ti on processes can lead to polymorphic changes. As the potenti al to form immediate-release dos-
age forms was studied all pellet batches were stored for 12 months at room temperature before 
dissoluti on testi ng. This was done to ensure the transformati on into stable forms. The focus was 
the investi gati on of steady release profi les and not intermediate forms that might sti ll change to 
a varying dissoluti on profi le. 
The release of SB from MCC and ĸ-carrageenan pellets can be seen in Figure 18. As expected a fast 
release of more than 90 % of the drug within the fi rst 10 min is achieved.
In Figure 18, the release from diff erent batches with various lipid binders is presented. It is ob-
vious that due to the lipid nature of the extrusion aids the release is modifi ed compared to the 
pellets made by wet extrusion. Even so, all batches released more than 90 % in less than 2 hours. 
There is neither a clear defi niti on for immediate-release dosage forms in the Ph. Eur. nor in the 
USP. A suitable range would be the release of at least 80 % in 60 min. If this is applied to the re-
lease from the presented lipid pellets, all formulati ons except one, the combinati on of hard fat, 
glycerol distearate and glycerol dibehenate comply and can therefore be described as immediate 
release dosage forms. Noti ceable is furthermore the infl uence of glycerol distearate on the dis-
soluti on profi le, as all batches containing this lipid have a release of more than 90 % in 40 min. 
Whereas the additi on of glycerol trimyristate or glycerol dibehenate decelerates the release of 
the drug. The reasons for the general rapid drug release, compared to the recent reports on solid 
lipid extrusion (Michalk 2007, Reitz 2007), are the high drug load of 80 % and the very good water 
solubility of sodium benzoate.
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Figure 17: Sodium benzoate release from pellets made by wet extrusion. 
Dissoluti on media: purifi ed water (mean ± SD, n=6), Temperature: 37 ± 0.5 °C, 150 rpm, Basket 
method.

Figure 18: Sodium benzoate release from lipid pellet formulati ons. 
Dissoluti on media: purifi ed water (mean + SD , n=6), Temperature: 37± 0.5 °C, 150 rpm, Basket 
method.
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Figure 19: Infl uence of dissoluti on media type on release characteristi cs of lipid sodium benzoate 
pellets. 
Formulati on W15 P2.5 D2.5 (mean ± SD, n = 6) Temperature: 37± 0.5 °C, 150 rpm, 
Basket method.

For the investi gati on of the pH infl uence on the release characteristi cs, 0.1 N HCl-soluti on with a 
pH of 1 and a phosphate buff er soluti on with a pH of 6 were also used as dissoluti on media. The 
phosphate buff er was chosen from the Ph. Eur. monography 2.9.25.: “Dissoluti on test for medi-
cated chewing gum” as the release in the oral cavity should be simulated. 
As displayed in Figure 19, exemplifi ed by one batch, no diff erences between the drug release into 
diff erent dissoluti on media could be detected at 37 °C. This applied to all batches regardless of 
the used lipid compositi on. 
In contrast to the pH of the media, another parameter infl uenced signifi cantly the release of lipid 
pellets: the temperature of the media. 

2.4.2 Temperature eff ect

So far, the test performed with pellets consisti ng of SB and Witocan 42/44 revealed no infl uence 
of the temperature, as can be seen in Figure 20. During the studies on taste percepti on of dif-
ferent formulati ons (see Chapter 3) it was noted that lipid pellets sti rred at room temperature 
showed poor release of sodium benzoate. To verify this observati on, dissoluti on tests of lipid pel-
lets at room temperature were performed. The preliminary test was performed with the opti mal 
pellet batch containing the lipid mixture of hard fat, glycerol distearate and glycerol trimyristate. 
As can be seen in Figure 21, less than 5 % of drug was released under these conditi ons, whereas 
a temperature of 37 °C led to complete drug release within 60 min. To obtain further insight into 
the mechanism behind this phenomenon dissoluti on profi les between the basic data at 24 °C and 
37 °C were investi gated. 
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Figure 20: Infl uence of dissoluti on media temperature on release characteristi cs of lipid sodium 
benzoate pellets.
Formulati on W20 (mean ± SD , n=6), Dissoluti on media: purifi ed water, 150 rpm, Basket method.

Figure 21: Infl uence of dissoluti on media temperature on release characteristi cs of lipid sodium 
benzoate pellets.
Formulati on W15 P2.5 D2.5 (mean ± SD , n=6), Dissoluti on media: purifi ed water, 150 rpm, 
Basket method.
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Figure 22: Infl uence of dissoluti on media temperature on release characteristi cs of lipid sodium 
benzoate pellets. Formulati on W15 P2.5 D2.5 (mean ± SD , n=6), Dissoluti on media: purifi ed wa-
ter, 150 rpm, Basket method.

Figure 23: Infl uence of dissoluti on media temperature on release characteristi cs. 
Dissoluti on media: purifi ed water (mean + SD, n=6), 150 rpm, Basket method.
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Figure  24: Infl uence of dissoluti on media temperature on release characteristi cs. 
Dissoluti on media: purifi ed water (mean ± SD , n=6), 150 rpm, Basket method.

Figure 25: Infl uence of dissoluti on media temperature on release characteristi cs of sodium ben-
zoate pellets. Dissoluti on media: purifi ed water (mean + SD , n=6), 150 rpm, Basket method.
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As Figure 22 shows, with an increase in temperature of the dissoluti on media, the drug release in-
creases. There is no threshold temperature to reach maximum release, rather a gradual increase. 
Consequently all other lipid batches were also tested under these conditi ons and formulati ons 
could be divided in two groups. The pellet batches containing hard fat or a mixture of hard fat and 
glycerol dibehenate displayed no temperature sensiti ve release profi les.
As displayed in Figure 23 release profi les remained similar and did not vary by temperature 
change for these two batches. In contrast, as can be seen in Figure 24, the other two binary and 
three ternary mixtures exhibit a signifi cant infl uence of media temperature on the dissoluti on 
characteristi cs. Less than 10 % drug release over two hours could be observed in any of these pel-
let batches.
As a comparison, also the pellets containing MCC and ĸ-carrageenan were investi gated to evalu-
ate the temperature infl uence. For MCC no eff ect of dissoluti on media temperature could be 
found in contrast to ĸ-carrageenan were the cold dissoluti on media led to a slower, but sti ll com-
plete release of the drug (see Figure 25). 
Furthermore it became obvious that in contrast to the previously described missing infl uence of 
the dissoluti on media type on the drug release from lipid pellets, the release under room tem-
perature conditi ons varies with the media type, depending on the lipid mixture. Three batches, 
two binary mixtures with hard fat and either glycerol trimyristate or glycerol dibehenate and the 
reference batch with 20 % hard fat, showed a delayed drug release in the acidic media of 0.1 N 
HCl, as can be seen in Figure 26. Sodium benzoate can form slightly soluble benzoic acid in acid 
environment. If benzoic acid is formed during dissoluti on, the pellet surfaces will be coated by 
the crystals and the release might be delayed through this eff ect. For all three ternary mixtures as 
well as the binary mixture of hard fat and glycerol distearate this eff ect was not observed.

Figure 26: Infl uence of dissoluti on media temperature on release characteristi cs of lipid pellets. 
Dissoluti on media: 0.1 N HCl-soluti on pH 1 (mean + SD , n=6), 150 rpm, Basket method.
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To further investi gate the discovered eff ects, pellets were observed by scanning electron micro-
scopy. The micrographs of lipid pellets, as can be seen in Figure 27, display several diff erent sur-
face features independently from the used lipid mixture. The lipid pellets have mostly a smooth 
surface, indicati ng molten lipids, which is repeatedly broken by pore-like structures. All pellet 
batches displayed these features irrespecti ve of their temperature dependent dissoluti on. To fur-
ther analyse diff erences in surface structure the pellets were also investi gated aft er dissoluti on.

Figure 27: Scanning electron micrographs of the pellet formulati on W15 P2.5 D2.5.

Scanning electron microscope analysis of lipid pellets before and aft er dissoluti on at diff erent 
temperatures revealed interesti ng diff erences in the surface appearances.
Pellets released at a temperature of 24 °C show a similar surface structure as untreated pellets of 
the same batch (Figure 28). In smaller magnifi cati ons (40x, 100x; as adjusted at the microscope) 
no diff erences are apparent. Larger magnifi cati ons (400x, 1000x) show diff erences, like a fl aked 
surface with more pores and needle-like structures, which are probably recrystallised sodium 
benzoate. In clear contrast to this are the surfaces of pellets aft er release in 37 °C media. Here 
even at small magnifi cati ons the pellets look shrunk and deformed. At a closer look none of the 
previous described features are present. The surfaces have a molten-like structure with no visible 
pores. As 37 °C is close to the melti ng point of the main binder Witocan 42/44, it is possible that 
the lipids start melti ng during dissoluti on forming such surfaces. Again, independently from the 
compositi on of the lipid mixture, the pellet surfaces have the same characteristi cs and features. 
An implicati on for the dissoluti on profi le cannot be derived from the surface appearance.
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A            B      C

Figure 28: Scanning electron micrographs of a pellet formulati on W15 D5.
A pellet aft er extrusion/spheronisati on B pellet aft er dissoluti on at 25 °C C Pellet aft er dissoluti on 
at 37 °C. 



2.4.3 Self-coati ng of the lipid pellets

To understand the mechanism behind the observed dissoluti on eff ects, especially the diff erence 
in the dissoluti on profi les at diff erent temperatures, correlati on with other pellet properti es were 
investi gated. The diff erent dissoluti on profi les could not be correlated with the AR of the respec-
ti ve pellet batches. The same applied to the porosity of the pellets, which was approximately 4 %. 
Another potenti al infl uence, the melti ng point of the used lipids, did also not determine the dis-
soluti on profi le, e.g. the exchange of 5 % hard fat (melti ng point of 42-44 °C) with glycerol dibe-
henate, the lipid with the highest melti ng point of 73 °C, resulted in approximately the same dis-
soluti on profi les which were not aff ected by temperature (see Figure 23). 
It is noti ceable that glycerol distearate has a signifi cant impact on the dissoluti on profi le, as even 
small amounts (2.5 %) of this lipid in a formulati on alters the dissoluti on at room temperature. 
This becomes also apparent in DSC measurements, as all pellet batches containing Precirol, ir-
respecti ve of the respecti ve amount or lipid mixture, display the same peaks or shoulders in the 
DSC measurements, as can be seen in Figure 29. 

Figure 29:DSC tracks of diff erent lipid pellets, recorded at a heati ng rate of 10 K/min. All signals 
are scaled to sample weight.

Furthermore the DSC measurements indicate that melti ng of the lipid binder is determined by 
the 15 % hard fat in all combinati ons. The 5 % change of hard fat to lipids with higher melti ng 
points did not lead to signifi cant higher melti ng peaks in the respecti ve pellets. The DSC curves 
for binary and ternary mixtures support this, as the melti ng curves of the lipid mixtures display 
peaks around or even lower than the melti ng point of the hard fat Witocan 42/44 both aft er the 
fi rst and second heati ng of the samples. It is probable that the higher melti ng lipid binders dis-
solve in the molten or melti ng hard fat at temperatures around 40 °C as can be seen from Figure 
30 and Figure 31. During spheronisati on this may lead to a plasti cizati on of all lipids in the outer 
parts of the pellets, regardless their melti ng points and initi al compositi on.
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A possible mechanism to explain the observed eff ects is the assumpti on of a lipid coati ng of the 
pellets. During the extrusion process, although no heat is used to plasti cize the mixtures before 
the die passage, some parts of the lipid mixture melt due to the fricti on and pressure forces, es-
pecially on the extrudate surfaces. This eff ect is amplifi ed in the spheronisati on process where 
external heat and fricti onal heat of the pellet bed lead to parti al melti ng of the binder and forma-
ti on of spherical pellets.
A separati on process between molten binder and the acti ve crystalline drug takes places. The mol-
ten parts of the lipids layer in higher concentrati ons on the surfaces of the pellets, which leads to 
a coat of lipids around each pellet. The compositi on of this coat, i.e. the amount of higher melti ng 
lipids dissolved in hard fat, determines the release behaviour of the respecti ve pellet batch. The 
layer beneath this coat is slightly depleted of lipids whereas the pellet cores have an even distri-
buti on of binder and acti ve drug. This mechanism of self-coati ng through the lipid binder is sup-
ported by pictures obtained through scanning electron microscopy of split pellets. It has not been 
reported in the literature up to now. The term self-coati ng has been previously used by the work-
ing group of Ulrich to describe an eff ect during hot melt technology where higher concentrati ons 
of the acti ve are found on the sides than in the core of pasti lles (Römbach et al. 2007).
In Figure 32,A the plan view of a pellet half is displayed. The black arrows point to the visible layer 
all around the pellet which is detectable even at this small magnifi cati on (100x, adjusted at ap-
paratus). The same structures are magnifi ed in Figure 32,B (1000x, adjusted at apparatus), where 
an approximately 10 μm layer on the outer surface is clearly visible. In Figure 33 the same pellet 
structures are displayed at larger magnifi cati ons Again a disti nct layer of approximately 10 μm 
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Figure 30: DSC tracks of binary lipid mixtures, fi rst (left ) and second (right) heati ng (10 °C/min). All 
signals are scaled to sample weight.

Figure 31: DSC tracks of ternary lipid mixtures, fi rst (left ) and second (right) heati ng (10 °C/min). 
All signals are scaled to sample weight.
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Figure 32: Scanning electron micrographs of a pellet containing 80% sodium benzoate, 15% Wito-
can and 5% Compritol (formulati on W15 C5). A was taken at an adjusted apparatus magnifi cati on 
of 100 B were taken at an adjusted apparatus magnifi cati on of 1000.  
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can be disti nguished on the surfaces of the pellet and beneath a thicker layer of diff erent texture. 
The outer layer appears congealed and smooth, whereas the second layer has a rather rough and 
even needle-like structure. This supports the hypothesis that a layer of drug-free or nearly drug 
free binder forms the outer layer followed by a layer with depleted binder content and therefore 
increased drug concentrati on. 
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Figure 33: Scanning electron micrographs of a pellet (W15 C5) secti on with lipid layer and subja-
cent structures.

Figure 34: Scanning electron micrographs of a pellet containing 80% sodium benzoate, 15% Wito-
can and 5% Precirol (W15 P5).
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Figure 35: Raman spectra of pellet batch W20 and the respecti ve excipients.

Figure 36: Raman spectra of pellet batch W15 P2.5 D2.5 and the respecti ve excipients.
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These aforementi oned structures were found within all pellet batches disregarding their tempera-
ture depended release profi les. The pellet with hard fat and glycerol distearate displayed in Fig-
ure 34 reveals the same visible layer as the previously described pictures with pellets containing 
hard and glycerol dibehenate. 
This rearranging of compounds within the pellet during extrusion/spheronisati on takes place 
without changes in the crystalline structure as Raman analysis of the diff erent pellet batches and 
their respecti ve excipients suggest. In Figure 35 and Figure 36 the Raman spectra of two pellet 
batches (one with only 20 % hard fat as a binder and one with 15 % hard fat, 2.5 glycerol distea-
rate and 2.5 glycerol trimyristate) are displayed. There are no detectable changes in their peak 
patt ern.
Another verifi cati on of the hypothesis would be an increased drug release of milled pellets at 
room temperature of a batch, which showed no release at this temperature in intact conditi ons. 
The drug dissoluti on of pellets containing hard fat, glycerol distearate and glycerol trimyristate 
previously showing nearly no release at 24 °C over 2 hours, display a rapid release of sodium ben-
zoate aft er milling i.e. destroying of the lipid coat (Figure 37). In this fi gure, unlike to before dis-
played release profi les, only the percentage of actual released sodium benzoate is shown, instead 
the percentage of labelled sodium benzoate content. Due to the milling a correct proporti onal ini-
ti al weight of drug and binder could not be ensured and therefore no theoreti cal nominal content 
of sodium benzoate be calculated. The curves can sti ll be compared as the kineti c of the release 
stays the same independent from the chosen data presentati on. The temperature controlled re-
lease is therefore depending upon the presence of a lipid coat and controlled by it. The release 
can be modifi ed by the compositi on of the used lipid mixture.
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Figure 37: Dissoluti on profi le of pellets containing 80 % sodium benzoate, 15 % Witocan, 2.5 % 
Precirol and 2.5 % Dynasan (W15 P2.5 D2.5). Milled pellets: Percentage of actual released sodium 
benzoate; Intact pellets: Percentage of labelled sodium benzoate content. 
Dissoluti on media: purifi ed water (mean ± SD , n=3), Temperature 24 °C , 150 rpm, 
Basket method.
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Further investi gati on of the taste masking characteristi cs included a prolonged dissoluti on test 
of the pellet batch containing hard fat and glycerol distearate. This batch showed the most pro-
nounced temperature eff ect with less than 2 % drug release in 2 h with a dissoluti on media tem-
perature of 24 °C. 
Figure 38 displays the release profi le of the same batch over a longer ti me period in a standard 
dissoluti on test with a media temperature of 24 °C. As can be seen from above, within the fi rst 5 h 
about 10 % of the drug was released, whereas a complete drug release is reached aft er 45 h. The 
gaps in this dissoluti on profi le occurred through the fact that a piston pump was used, which was 
switched off  aft er several hours of conti nuous pumping to avoid overheati ng or breakdown. 

Figure 38: Dissoluti on profi le of pellets containing 80 % sodium benzoate, 15 % Witocan, 2.5 % 
Precirol and 2.5 % Dynasan (formulati on W15 P2.5 D2.5). Dissoluti on media: purifi ed water (mean 
± SD , n=6), Temperature 24 °C, 150 rpm, Basket-Method.

Therefore it can be concluded that the taste masking eff ect is present at least for the fi rst 5 hours, 
as a drug release of less than 10 % can be regarded as nearly tasteless. Further studies would be 
needed to explore the potenti al of an extended taste masked formulati on. Drug release in sta-
ti onary systems such as stable suspensions which are only agitated occasionally might be diff er-
ent from the conti nuous sti rring in a pharmacopeial dissoluti on test. 
In Table 9 the minutes unti l 50 % of the labelled sodium benzoate content is released are dis-
played for all tested formulati ons. Through the diff erence in the 50 % drug release between 24 °C 
and 37 °C the formulati ons can be divided into two categories. The formulati on with 20 % hard fat 
(W20) and the one with 15 % hard fat and 5 % glycerol dibehenate (W15 C5) have similar release 
profi les at room temperature and 37 °C, thus the small diff erence of 6, respecti ve 5 minutes. Both 
present similar drug release profi les independent from the dissoluti on media temperature.
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Table 9: Comparison of dissoluti on ti mes unti l 50 % drug release of the labelled sodium benzoate 
content for all lipid pellet formulati ons at dissoluti on media temperatures of 24 °C and 37 °C.
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Formulati on DD 50% / 37 °C [min] DD 50% / 24 °C [min] Δ DD 50%
 W15 C5 20 25 5
 W15 P5 16 >120 >104
 W15 D5 20 >120 >100
 W15 C2.5 D2.5 43 >120 >77
 W15 P2.5 C2.5 18 >120 >102
 W15 P2.5 D2.5 15 >120 >105
 W20 13 19 6
DD 50% = 50% drug dissolved per labelled claim

In the second category are the following four formulati ons: W15 P5, W15 D5, W15 P2.5 C2.5 and 
W15 P2.5 D2.5. All display a DD 50 % value of 15-20 min at 37 °C, which is close to the 20 % hard 
fat formulati on, whereas the DD 50 % at room temperature is exceeding 120, as none of these 
formulati ons released 50 % of the drug within the observed ti meframe of 2 hours. All four formu-
lati ons have therefore a Δ DD 50 % exceeding 100, which is an indicati on of the temperature de-
pendent drug release of these pellets. The combinati on of hard fat, glycerol dibehenate and glyc-
erol trimyristate (W15 C2.5 D2.5) may be added to the second categories. A temperature infl u-
ence on the release is clearly visible with a Δ DD 50 % > 77, even though the drug release at 37 °C 
is delayed in comparison to the 6 other formulati ons with a DD 50 % of approximately doubled.
Further research is necessary to develop a deeper insight into the exact infl uences of individual 
lipids on the drug release profi les, as so far it is only possible to att ribute general tendencies and 
infl uences towards the lipids in the investi gated formulati ons.

2.4.4 Drug release in food

To further investi gate the taste masking ability the release of sodium benzoate from the de veloped 
lipid pellets into diff erent foodstuff  was tested. The previously described pharmacopeial dissolu-
ti on tests do not give evidence for the behaviour under in-vivo conditi ons. As a comparison the 
saliva-resistant coated granules, developed by Breitkreutz et al. (2003), were used. A typical drug 
administrati on situati on was simulated. 2 g pellets from each batch, equivalent to 1.6 g sodium 
benzoate, which is a typical single dose for a one-year-old infant, were mixed with 100 g food. 
Samples of the food were taken aft er 5, 10 and 20 minutes in between intermitt ent sti rring. As 
can be seen from Figure 39 and Figure 40, the release from the saliva-resistant coated pellets was 
higher than for the uncoated lipid pellets, where the release within the fi rst 10 min was hardly de-
tectable and even aft er 20 min sti ll ranged under 1 %. The release for the coated pellet batch was 
about 4 % aft er 5 min, 6 % aft er 10 min and around 10-11 % aft er 20 min for the samples sti rred 
in applesauce and vanilla yoghurt, but about 2 % less for the samples in milk and vanilla pudding. 
The diff erence can be explained by the diff ering pH values of the food. Applesauce and vanilla 
yoghurt have acidic pH values around pH 3 and pH 4, whereas milk and vanilla pudding are neu-
tral. The faster release is obtained because the saliva-resistant coat is soluble in acid media. The 
uncoated lipid pellets contained hard fat, glycerol distearate and glycerol trimyristate as binder 
(formulati on W15 P2.5 D2.5) and were chosen due to their pronounced characteristi cs described 
in the previous chapters. The taste masking of lipid pellets can therefore be rated similar to pel-
lets coated with amino-polymethacrylates (Eudragit E) and was even more effi  cient under typical 
drug administrati on conditi ons.



50

Figure 39: Release of sodium benzoate from two diff erent pellet formulati ons, 2g pellets mixed 
with 100g food stuff  (n = 3, mean ± SD).

Figure 40: Release of sodium benzoate from two diff erent pellet formulati ons, 2g pellets mixed 
with 100g food stuff  (n = 3, mean ± SD).
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2.4.5 Stability

As it is well known that lipids can undergo changes during thermal treatment (Sutananta et al. 
1994) and under storage conditi ons (Laine et al. 1988), the eff ect of storage at elevated tempera-
ture on the dissoluti on profi le was investi gated. Therefore, all lipid pellet batches were stored un-
der accelerated conditi ons at 32 °C for 4 weeks, which is 10 °C below the melti ng point of the hard 
fat Witocan 42/44, present in all formulati ons. This was done to examine the infl uence of ageing, 
temperature and long-ti me storage. Changes in the release profi les were expected aft er storage 
at the predefi ned conditi ons. The former saliva-resistant coated pellets were stable at 25 °C/60 % 
RH and 30 °C/65 % RH for more than one year, but displayed caking at 40 °C/75 % RH. 
Interesti ngly, again the developed batches could be divided into two groups. In Figure 41, the 
same batches (with hard fat or hard fat and glycerol dibehenate as a binder) that were not infl u-
enced by the dissoluti on media (Figure 23), were also not infl uenced in their dissoluti on profi les 
by the temperature under accelerated storage conditi ons. It is possible that the batch contain-
ing 5 % glycerol dibehenate would belong to the other category where changes during storage 
occurred. The storage temperature of 32 °C is very low for a lipid with a melti ng point of approx. 
70 °C, but due to the 15 % hard fat no higher storage temperatures could be tested. 

In Figure 42 all batches with changed release profi les are displayed and it is interesti ng to note 
that this eff ect was seen in all batches containing glycerol distearate. The release of these batches 
was slower in the fi rst hour of dissoluti on, but sti ll complete within less than 2 hours. If the afore-
menti oned defi niti on of immediate release, as 80 % drug release in 60 min, is again applied it is 
interesti ng to note that all batches sti ll comply with the claimed release. 
In Table 10, analogue to Table 9, the DD 50 % values of all formulati ons before and aft er storage 
are displayed. Similariti es become apparent as again the formulati ons W20 and W15 C5 can be 
combined in one category of formulati ons where the investi gated storage conditi ons have no in-
fl uence on the dissoluti on profi le. In both cases the Δ DD 50 % is only 2, indicati ng only a minor 
deviati on between both release profi les. As stated above, the three formulati ons containing glyc-
erol distearate (W15 P5, W15 P2.5 C2.5 and W15 P2.5 D2.5) represent the next category of for-
mulati ons where the storage conditi ons have a moderate infl uence on the dissoluti on profi le. Re-
lease is slowed down within the fi rst hour, indicated by Δ DD 50 % values between 14 and 20 (see 
Figure 42). Singled out are two formulati ons, one binary combinati on and one ternary (W15 D5 
and W15 C2.5 D2.5), where the storage under increased temperature had a strong eff ect on the 
release profi le, leading to incomplete dissoluti on within the investi gated 2 hour period. Through 
the temperature infl uence intermediate release profi les emerge, indicati ng a convergence from 
complete release at 37 °C to an incomplete release at 37 °C similar to the one at room tempera-
ture. 

It may therefore be possible to say that combinati ons including glycerol distearate are less sus-
cepti ble to temperature and storage eff ects than combinati ons with glycerol trimyristate and/or 
glycerol dibehenate. Hard fat is seemingly not infl uenced by the tested storage conditi ons, as well 
as a combinati on of just hard fat and glycerol dibehenate, even though this might be due to the 
relati vely low temperatures during storage in comparison to the melti ng range of glycerol dibe-
henate.
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Figure 42: Infl uence of storage under accelerated conditi ons on release characteristi cs, 
Dissoluti on media: purifi ed water (mean ± SD, n=6), Temperature: 37 °C ± 0.5 °C, 150 rpm, Basket-
Method.

Figure 41: Infl uence of storage under accelerated conditi ons on release characteristi cs, Dissoluti on 
media: purifi ed water (mean ± SD, n=6), Temperature: 37 °C ± 0.5 °C, 150 rpm, Basket-Method.
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The X-ray diff racti on of all pellet batches before and aft er storage showed no diff erences (see Fig-
ure 43 for exemplary diff ractrograms of compressed pellets containing hard fat, glycerol distea-
rate and glycerol trimyristate) and it is therefore possible to conclude that no change in crystalline 
structure took place under the given conditi ons.
Obviously, the compositi on of the lipids determines not only the temperature dependent drug 
release, but also their tendency to undergo changes by thermal treatment. It is essenti al in drug 
development that the drug dissoluti on profi les are kept constant over ti me. Therefore, it is essen-
ti al to disti nguish between the best-shaped pellet formulati on, desired release profi les and the 
best maintenance of these drug release profi les. 
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Formulati on DD 50% / 37 °C [min] DD 50% / 37 °C
tempered [min]

Δ DD 50%

 W15 C5 20 18 2
 W15 P5 16 34 18
 W15 D5 20 86 66
 W15 C2.5 D2.5 43 98 55
 W15 P2.5 C2.5 18 38 20
 W15 P2.5 D2.5 15 29 14
 W20 13 15 2
DD 50% = 50% drug dissolved per labelled claim

Table 10: Comparison of dissoluti on ti mes unti l 50 % drug release of the labelled sodium benzoate 
content for all lipid pellet formulati ons before and aft er storage at 32 °C for 4 weeks.

Figure 43: X-ray diff ractograms of pellets, containing 80 % sodium benzoate, 15 % Witocan, 2.5 % 
Precirol and 2.5 % Dynasan (W15 P2.5 D2.5), before and aft er storage at 32 °C for 4 weeks.



2.4.6 Conclusion

The newly discovered principle of self-coati ng of lipid pellets, possible through the behaviour of 
the lipid binder during the extrusion/spheronisati on process, off ers interesti ng new aspects for 
the use in not only paediatric oral dosage forms. Taste masking through an additi onal salvia-re-
sistant coati ng might be avoided in some cases and the potenti al to design desired release pro-
fi les through the choice of lipid compositi on off ers an interesti ng fi eld, which should be explored 
further. It off ers a variety of interesti ng possibiliti es to develop new modifi ed release dosage 
forms without the need of an additi onal ti me- and resources-consuming coati ng step with poten-
ti ally toxic excipients. Suitable fi elds of applicati on may be taste masked suspensions, or granules 
and pellets for reconsti tuti on of suspensions. 
Through the variati on of the lipid binders diff erent release profi les can be obtained and through 
this eff ect desired drug release profi les can be designed. Further research is necessary to gain a 
deeper understanding of the mechanism behind the discovered eff ect of certain lipid mixtures. 
So far it is not possible to relate defi ned lipid characteristi cs with drug release profi les. It has to be 
investi gated which fracti ons of the diff erent lipids lead to the formati on of the lipid layer on the 
pellet surfaces and which are responsible for the temperature dependent release. However, it is 
clear that especially glycerol distearate has an important infl uence on the described temperature 
dependent release. This temperature eff ect can result in taste masked drug formulati ons or other 
modifi ed release dosage forms while sti ll maintaining an immediate-release profi le under physio-
logical temperatures. 

54

Results and Discussion – Multiparticulate formulations 



3. Taste assessment

3.1 Taste analysis of diff erent pellet formulati ons

It has been reported that lipids are able to functi on as taste masking agents (Michalk 2007, Su-
zuki et al. 2003) due to their lipophilic characteristi cs, which include reducti on in wett ability and 
solubility leading to decreased contact ti mes with taste buds in the oral cavity. Granules (Faham 
et al. 2000) and powders (Sugao et al. 1997) have been coated with lipids or waxes to mask un-
pleasant tastes. Several hard fats, including Witocan 42/44, have been tested as bitt er masking 
agents in chewable tablets with sati sfactory results (Suzuki et al. 2004). Usually adult volunteers 
in human taste panels are used for the assessment of the taste of drug formulati ons. This is chal-
lenging for paediatric dosage forms as taste panel tests in children are diffi  cult to perform (Sjövall 
et al. 1984, Visser et al. 2000, Liem et al. 2004). The method and design has to be carefully chosen 
and have to be adjusted to the age of the parti cipati ng children. Especially young children under 
the age of four tend to lack the discriminatory ability and the consistency needed to obtain valid 
data. Procedures should be short and easy to understand to avoid fati gue and confusion of the 
children. The judgment methods can include spontaneous verbal judgment or hedonic scales, 
with the hedonic scales being a more standardized procedure. In the EU paediatric taste panels 
are only allowed with aff ected children who benefi t from the tested medicati on, as in contrast to 
the US where healthy children are also allowed to be included in taste panel tests. Especially in 
paediatric formulati ons taste plays an important role as children reject medicati ons with an un-
pleasant taste, but is diffi  cult to measure and quanti fy. Children are more sensiti ve towards bitt er 
tastes than adults as bitt er works as a protecti on mechanism against potenti al poisoning. In gen-
eral taste is diffi  cult to analyse as personal preferences can diff er widely. Furthermore if adults 
are used, as test persons for childrens´ medicati ons it is diffi  cult to extrapolate these results onto 
the paedatric target populati on. 
The recently developed electronic taste measurement systems, also called e-tongues, are new 
opti ons which off er the opportunity to give a taste predicti on without the need of human test 
persons. Currently there are two systems available on the market both working on the principal 
of potenti ometry. Further informati on on the respecti ve system and data analysis is given in the 
respecti ve chapters. 
Five diff erent pellet formulati ons with a drug load of 80 % sodium benzoate, but diff ering in the 
nature of the used binder, where analysed by the two e-tongues and also tested by a human 
taste panel. The results were compared to each other and related to the actual released sodium 
benzoate concentrati on, which was determined by UV-analysis. Furthermore, the performance 
of these two new systems was validated and compared to each other based on the model of so-
dium benzoate pellets. 

Table 11: Labelling of the fi ve pellet batches tested with electronic tongues.
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Labelling Binder
Carrageenan 20% κ-carrageenan
MCC 20% MCC
Hard fat 20% Witocan ® 42/44
coated SB pellets 20% Witocan ® 42/44, with saliva-resistant coati ng
Lipid Mixture 15% Witocan® 42/44, 2.5% Precirol®, 2.5% Dynasan 114®



Table 11, the respecti ve labelling for the tested batches is displayed as used in the following fi g-
ures. To analyse the taste masking diff erences between the diff erent batches and to allow the 
testi ng with the e-tongues, who are only able to analyse liquid samples, an in-vitro dissoluti on 
test was developed to simulate real administrati on conditi ons. 2 g pellets, equal to 1.6 g sodium 
benzoate, were put in 100 ml purifi ed water and sti rred for diff erent ti me intervals (see F2.4.5) 
at room temperature. The dissoluti on soluti on was tested by adult volunteers as well as analysed 
by the two e-tongues. 
Furthermore the soluti ons were analysed by UV to detect the actual released sodium benzoate 
content. In Figure 44, the drug release profi les for the respecti ve batches are displayed. 
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Figure 44: Release of sodium benzoate under in-vitro test conditi ons of the fi ve tested pellet batch-
es. Dissoluti on media: 100 ml purifi ed water, room temperature (n = 3, mean ± SD). 

Pellets with MCC as a binder show rapid and full release within the fi rst 10 minutes of sti rring. 
The same would be expected with ĸ-carrageenan as a binder, but the curve diff ers signifi cantly. 
The diff erence can be explained by the fact that these pellets formed a gel under the given dis-
soluti on conditi ons. This gel could not be measured and the att empt to fi lter off  a clear soluti on 
led to the loss of sodium benzoate. The saliva-resistant coated pellets showed clearly the taste 
masking eff ect of the Eudragit E-coati ng as less than 5 % of sodium benzoate were released in the 
fi rst 5 min, followed by an increase aft erwards. The infl uence of lipid mixtures on the release pro-
fi le of sodium benzoate has been discussed in the previous chapter, but has been fi rst discovered 
during these taste assessment experiments, as this eff ect between the previous used hard fat as 
a binder and the mixture of hard fat, glycerol trimyristate and glycerol distearate is only identi fi -
able at room temperature. For the stati sti cal evaluati on of the e-tongue data with the in vivo and 
in vitro experiments this data set was excluded, as a correlati on with values equal or close to zero 
was not possible, whereas all samples from all other formulati ons were stati sti cally evaluated.



3.2 Taste panel

The results for the human taste sensati on of the tested soluti ons are displayed in Figure 45. Pro-
fi les similar graphs to the dissoluti on curves were obtained, indicati ng a good detecti on of dif-
ferent sodium benzoate concentrati ons through the volunteers. The higher deviati ons can be 
explained by the high inter-personal deviati on in taste percepti on of the volunteers. Again pel-
lets with MCC as a binder showed high taste scores, indicati ng a bad taste or high concentrati ons 
of sodium benzoate. The taste masking of the coated pellets can be seen in the low taste scores 
within the fi rst 10 min, as well as the taste masking of the lipid mixture with low taste values 
within the whole tested ti me period of 30 min. Therefore it can be concluded that the lipid pellets 
have the same ability to mask the unpleasant taste of sodium benzoate as the coated pellets with 
the additi onal advantage of having a longer expression of the taste masking eff ect. 
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Figure 45: Taste evaluati on by adult volunteers for diff erent pellet batches on a scale from 0 to 3.5, 
equalling no to very bad taste (n = 9, mean + SD).

If the results from the human taste panel are correlated directly with the released sodium ben-
zoate percentage (Figure 46), it is interesti ng to note that the accordance of human taste sensa-
ti on to the concentrati on of sodium benzoate is good unti l a certain threshold is reached. In the 
case of sodium benzoate a concentrati on above 60 % released drug, equalling a 1 % aqueous SB 
soluti on, led to the diffi  culti es of the study parti cipants to rank these samples accordingly. The 
subjects were unable to disti nguish between a “bad” tasti ng sample and an “even worse” tasti ng 
one. Concentrati ons >1 % were rated with the highest marks from 1.8 to 2.5 points on the scale. 
This again demonstrates the importance of a taste masked formulati on as even low concentra-
ti ons of sodium benzoate lead to unacceptable taste impressions.



Figure 46: Direct correlati on of human taste evaluati on to actual sodium benzoate concentra-
ti ons.

3.3 Astree e-tongue

Aft er the conducti on of the recommended system checks a calibrati on with 5 sodium benzoate 
soluti ons ranging from 2.5 % to 0.00025 % (equal to 173.5 mM to 0.017 mM) was performed (see 
also F 2.4.6). Linearity was demonstrated for concentrati ons as low as 0.025 % (1.7 mM). For each 
tested pellet formulati on, a special corresponding placebo formulati on (matrix without an acti ve 
ingredient) was prepared. This was necessary, as the Astree e-tongue is only able to detect taste 
diff eren ces between formulati ons. This may cause, especially in the case of solid dosage forms 
like pellets, considerable additi onal eff orts. It is not always easy to prepare similar placebo for-
mulati ons when high drug loads have to be renounced and of course ti me and cost consuming to 
prepare a new placebo formulati on for each change of excipients.  Each batch with 12 samples (6 
acti ve and 6 placebo samples) was analysed separately, fi rst the 6 placebo samples followed by 
the 6 samples containing sodium benzoate. This procedure was replicated 7 ti mes. The fi rst and 
seventh sample (P0 and A0) for the ti me point 0 min of each release, contained purifi ed water. 

Exemplary for all batches, the results from pellets with MCC as a binder will be discussed in detail 
to demonstrate the data handling with the Astree e-tongue. The sensor responses for all sensors 
to all samples were collected in one data set. Out of this set, a taste print for each sensor was es-
tablished analogue to the one displayed in Figure 47, i.e. the response from this sensor to all sam-
ples throughout the 8 runs. For each batch 7 taste prints representi ng the 7 used sensors were 
built. If a sensor drift  can be seen, like in Figure 47, it has to be decided to remove several runs. 
For the MCC batch, the fi rst 3 replicates were not taken into account. Usually the sensors need 
ti me to stabilize their signals in new samples, therefore the fi rst 1 to 3 replicates were removed in 
all batches. Parallel to the individual sensor responses all root mean square errors for all samples 
and sensors are analysed as can be seen in Table 12. Out of the means, unstable sensors, e.g. BB1 
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with a mean RSD of 15.6, or samples diffi  cult to analyse for all sensors, e.g. P0 with a mean RSD 
of 16.5, can be identi fi ed and discarded for subsequent evaluati on. If sensors can not diff erenti ate 
between samples, which is visible in a taste print of the respecti ve sensor, they are removed from 
the data set. The removal of sensor(s) and replicate data lower the mean RSD, e.g. the mean RSD 
for sensor BB1 dropped from 15.6 to 0.41 aft er removal of the fi rst the replicates. 

The resulti ng new data set was then used for a multi variate data analysis and displayed in a Prin-
cipal Component Analysis (PCA), a multi variate analysis tool which allows multi dimensional data 
to be displayed in a two-dimensional way. In the 7-dimensional data space, resulti ng from the use 
of 7 diff erent taste sensors, a two dimensional space is fi tt ed, so that most of the data informa-
ti on is reduced to this plane. Now the data can be represented in a normal x-y chart, the PCA map, 
where most of the informati on lies on the x-axis.  
As can be seen from Figure 48, 95.87 % of the informati on is displayed on the x-axis, whereas 
3.63 % lies on the y-axis. The rest of the informati on (0.5 %) can not be displayed by this map. For 
each sample a data cluster set is visible on this map. Data points close together in the map rep-
resent similar taste informati on, data cluster further apart from each other indicate taste diff er-
ences. For each sample set (placebo and acti ve containing sample, e.g. P3 and A3) a distance in 
the PCA map can be calculated. A small distance means similarity in taste, i.e. neutral or close to 
neutral taste of an acti ve containing sample compared to the corresponding placebo, whereas a 
bigger distance represents deviati ng taste, i.e. more released sodium benzoate. Both tested ser-
ies (placebo and acti ve samples) show a certain alignment and form a consecuti ve row, reversed 
in their directi ons (Figure 48), which is surprising for the placebo samples, as these are, accord-
ing to human volunteer rati ngs, tasteless. At this point it is unknown which structures in the dif-
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Figure 47: Sensor BA responses at diff erent ti me points (numbers: minutes of drug release) for 
dissoluti on fl uids from MCC pellets (n = 8). P and A indicati ng placebo and acti ve samples, respec-
ti vely. 
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RSD1 ZZ1 AB1 BA1 BB1 CA1 DA1 JE1 Mean
A0 14.17 10.88 3.91 21.50 3.83 8.64 0.60 9.08
A1 0.63 9.94 12.52 8.62 7.10 6.34 1.26 6.63
A3 0.46 9.58 14.33 5.12 8.01 4.73 0.44 6.10
A5 0.25 8.81 16.54 3.08 8.26 3.13 0.71 5.83
A8 0.52 8.81 17.85 2.12 7.56 2.88 0.82 5.79

A10 0.16 8.04 18.65 1.42 6.32 2.53 0.96 5.44
P0 25.05 48.87 5.55 18.46 4.84 9.87 2.86 16.50
P1 15.69 31.92 4.90 17.65 5.59 8.28 0.91 12.13
P3 6.57 21.79 5.53 16.55 5.76 7.08 1.31 9.23
P5 4.61 16.78 5.31 16.22 5.25 6.94 1.41 8.07
P8 4.02 14.05 5.80 15.97 5.40 6.45 1.78 7.64

P10 3.50 12.62 6.07 15.60 5.45 6.26 1.98 7.35
Mean 3.50 12.62 6.07 15.60 5.45 6.26 1.98

RSD2 AB1 BA1 BB1 CA1 DA1 JE1 Mean
A0 0.54 1.44 0.60 0.91 0.64 0.46 0.77
A1 0.87 6.06 0.29 2.19 0.91 0.41 1.79
A3 1.29 7.28 0.16 2.30 0.98 0.22 2.04
A5 1.73 8.42 0.15 2.81 0.75 0.18 2.34
A8 1.83 9.12 0.24 3.32 0.70 0.37 2.60

A10 2.20 9.82 0.14 3.45 0.70 0.33 2.77
P0 1.18 2.80 0.77 2.56 1.25 0.56 1.52
P1 0.69 2.30 0.45 2.07 1.18 0.55 1.21
P3 0.58 2.86 0.65 2.10 1.50 0.88 1.43
P5 0.74 2.07 0.52 1.51 1.05 0.40 1.05
P8 0.63 2.35 0.59 1.61 1.27 0.57 1.17

P10 0.64 2.38 0.38 1.59 1.33 0.56 1.15
Mean 1.08 4.74 0.41 2.20 1.02 0.46

Table 12: Intra-analysis repeatability for all sensors and all samples (MCC) before (RSD1) and aft er 
(RSD2) eliminati on of one sensor (ZZ) and the fi rst three replicates .

ferent binders cause to these sensor responses, as this phenomenon was not only detected with 
MCC, but also with other binders. Another unclear point are the data clusters for both zero sam-
ples. Both contain purifi ed water, stand outside their respecti ve rows and diff er notable in their 
positi on. The e-tongue seems not to be able to recognise these two samples as the same, just as 
similar, as the A0 sample is close to the placebo samples (P0 to P10) and far away from the acti ve 
containing samples (A1 to A10). An eff ect which might be explained by positi oning eff ects on the 
sample rack which were not analysed in detail. Another explanati on might be the inability of the 
sensors to react to purifi ed water, as a certain conducti vity is needed for proper detecti on of sen-
sor signals, according to the recommendati ons provided for the use of the second e-tongue. 
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Figure 48: PCA map for all MCC samples generated by the αAstree Soft ware. Discriminati on index: 
96.12, n = 7, C1 = Main component, C2 = Second Main Component, A0 to A10 = Acti ve samples, P0 
to P10 = Placebo Samples, Numbers indicati ng minutes of drug release.

Figure 49: Placebo-to-acti ve distances in PCA map for all pellet batches. Distances were calculated 
from 7 individual measurements displayed in the PCA map by the αAstree Soft ware.



The distances between all sample sets and all batches, excluding all zero samples, are displayed 
in Figure 49. Again the batch with ĸ-carrageenan sti cks out with unusual low distances, i.e. litt le 
taste informati on of the samples, due to the same above menti oned reasons. MCC and hard fat 
pellets show high distances within the fi rst 10 min indicati ng big taste diff erences to the placebo 
samples, i.e. higher release of sodium benzoate than the coated pellets or the pellets contain-
ing a lipid mixture. It is important to note that the general order of the batches, MCC and hard 
fat pellets with a faster release than the coated pellets and surprisingly the lipid mixture pellets 
with a bett er taste than the coated pellets, could be detected by the Astree e-tongue. A relati ve 
classifi cati on and placement was possible with this electronic taste measuring system. Sensor re-
sponses correlated with sodium benzoate concentrati on as the increase in the placebo to acti ve 
distances suggests. Unfortunately, only relati ve values can be established and general taste im-
pression, e.g. closer to placebo (good/neutral taste) or further away from placebo (bad/intense 
taste), can be given. 

3.4 Insent Taste Sensing System

Before the measurement of the diff erent pellet batches a calibrati on was performed using 8 
aqueous sodium benzoate soluti ons (concentrati on ranged from 0.1 to 200 mM)(see also F 2.4.6). 
These calibrati on soluti ons were analysed three ti mes, on diff erent days, to check the stability 
and reprodu cibility of the sensor responses. Furthermore the infl uence of the sample positi on on 
the sample rack was analysed, as the measurements were performed in ascending, descending 
and random order. First, the direct sensor responses [in mV] were analysed, before the data treat-
ment was performed using the Insent soft ware. 
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Figure 50: Sensor responses of all sensors (SB2CT0, SB2CA0, SB2C00, SB2AE1) for four runs, for 
one calibrati on sample (111 mM sodium benzoate). On the right the delayed sensor signals (CPA) 
are displayed. 
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Exemplary, in Figure 50 the sensor responses from all four sensors (salti ness: SB2CT0, sourness: 
SB2CA0, astringency: SB2AE1 and bitt erness: SB2C00) are displayed for the calibrati on sample 
with a concentrati on of 111 mM sodium benzoate (which is equal to 100 % release of 2 g pellets). 
Each bar represents one run from the test series. Through this data applicati on it is possible to 
detect drift  in sensor responses, as can be seen with sensor SB2CA0. CPA values are the sensor 
response to the standard soluti on immediately aft er the measurement of the acti ve sample, in 
between these two measurements the sensors are only cleaned very shortly. This measurement 
procedure is performed to detect any delayed sensor signals due to adherence of sample sub-
stance to the sensor, indicati ng an aft ertaste of the sample. As a standard procedure, all batch-
es were measured four ti mes and the fi rst run was omitt ed in further data handling. To analyse 
the response from separate sensors, sensor data from one sensor for all measured samples are 
displayed in a bar chart (Figure 51) for the bitt erness sensor and all calibrati on samples. The di-
rect sensor response turned more negati ve with an increase in sodium benzoate concentrati on, 
whereas the signal for the aft ertaste only changed with higher concentrati ons. This is possible as 
low concentrati ons of sodium benzoate are likely to get washed off  in the short cleaning steps 
between relati ve value measurement and CPA (aft ertaste measurement), whereas higher con-
centrati ons would need a longer cleaning process and therefore are detectable in the CPA proce-
dure.
As sodium benzoate is a salty and bitt er tasti ng drug, the raw data of sensors SB2CT0 and SB2C00 
are displayed in Figure 52. As can be seen from the graph, the salti ness sensor SB2CT0 is log-lin-
ear in its response to the sodium benzoate concentrati on throughout the calibrati on range, but 
the limit of detecti on is 0.3 mM sodium benzoate, as the sensor is not possible to disti nguish be-
tween it and the 0.1 mM sample. The bitt erness sensor SB2C00 shows a bigger scatt ering, espe-
cially with low concentrati ons of sodium benzoate, but is able to detect diff erences between all 
samples.  

63

Results and Discussion – Taste Assessment

Figure 51: Sensor responses (incl. CPA values) from one sensor (SB2C00 = bitt er) for all calibrati on 
samples (0.1 to 200 mMol), n = 3.



Figure 52: Sensor responses [mV] for the bitt erness (SB2C00) and salti ness (SB2CT0) sensors for 
the three separately performed test series with calibrati on samples from 0.1 to 200 mMol.

Aft er the calibrati on confi rmed the ability of the e-tongue to measure and detect sodium ben-
zoate in the esti mated concentrati on range the pellet batches were investi gated using the same 
set-up. Even though the Insent e-tongue is capable of performing measurement of samples with-
out the respecti ve placebo formulati ons they were also measured to keep the setti  ngs similar in 
both e-tongue experiments. As done with the Astree data, exemplary for all pellet batches the 
results from pellets with MCC as a binder will be discussed in detail to demonstrate the data han-
dling with the Insent e-tongue.
As done with the calibrati on samples, data was presented ordered by samples (Figure 53) and 
sensors (Figure 54). Aft er eliminati on of the fi rst run, the standard deviati ons (SD) for all sensor 
and samples are displayed in Table 13. For the acti ve containing samples the SD is < 1, whereas 
the SD for the placebo samples range between 1-2. The Insent sensors need a minimum conduc-
ti vity to work properly. It is unlikely that this is achieved by placebo pellets and this might cause 
the higher SD values. It is also noteworthy that the sensors for bitt erness (SB2C00) and salti ness 
(SB2CT0), the taste of sodium benzoate, display the lowest SD (< 0.5) compared to the other two 
sensors. In general the deviati ons, regarding samples or sensors, are lower compared to the As-
tree e-tongue. More stable and reproducible sensor responses were obtained with the Insent e-
tongue.
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Figure 53: Sensor responses of all sensors (SB2CT0, SB2CA0, SB2C00, SB2AE1) for four runs, for 
one MCC sample (A5). On the right the delayed sensor signals (CPA) are displayed. 

Table 13: Intra-analysis repeatability (Standard deviati on of mean) for all sensors and all samples 
with MCC as a binder, aft er eliminati on of the fi rst run (n = 3).

65

Results and Discussion – Taste Assessment

SD SB2CT0 SB2CA0 SB2C00 SB2AE1 Mean
P1 0.24 1.13 1.58 4.27 1.81
P3 0.50 1.30 0.58 2.91 1.32
P5 0.89 0.96 0.43 2.57 1.21
P8 0.88 1.22 0.32 3.44 1.46

P10 1.00 1.07 0.41 2.85 1.33
A1 0.04 1.59 0.17 0.04 0.46
A3 0.07 1.83 0.16 0.07 0.53
A5 0.04 1.28 0.21 0.05 0.40
A8 0.03 1.04 0.05 0.01 0.28

A10 0.06 0.78 0.05 0.04 0.23
Mean 0.38 1.22 0.39 1.62



Figure 54: Sensor responses from two sensors (SB2C00 = bitt erness and SB2CT0 = salti ness) for all 
MCC samples (incl. placebo), n = 3.

As seen in Figure 54, the responses to the placebo samples (positi ve) can be clearly disti nguished 
from the results for the acti ve containing samples (negati ve sensor signals). Both, the bitt erness 
and salti ness sensor, show stable or only slightly varying values for the placebo samples, whereas 
the response to the acti ve samples show an increase in negati vity with an increase in released 
acti ve substance.
Aft er data evaluati on with the Insent Soft ware, including the transformati on from actual sensor 
responses in mV into dimensionless taste informati on (see also F2.4.6), further data representa-
ti on was possible. 
A radar plot for all MCC samples can be seen in Figure 55. Again the placebo pellets are clearly dis-
ti nguishable from the acti ve samples and the sensiti vity of certain sensors can be seen. The sam-
ples diff er widely in bitt erness and aft ertaste from bitt erness, as well as in aft ertaste from astrin-
gency, whereas the results from the salti ness and astringency sensor are located closer by, similar 
to the sourness sensor response. With this plot also the directi on of sensor response is possible 
to depict. Depending on the sensor and the acti ve drug, sensor responses can become more posi-
ti ve or more negati ve with an increase in drug concentrati on. This directi on change is indicated by 
crossing lines in the radar plot, as can be seen between bitt erness and astringency. 
In 2D-plots, 2 diff erent taste informati on values can be displayed parallel to each other. The axes 
can be chosen freely, so all possible correlati ons can be displayed. Depicted in Figure 56 are the 
taste informati on from salti ness and bitt erness for all MCC samples.
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Figure 55: Radar chart for all MCC samples (n = 3).
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Figure 56: 2D-Plot with taste informati on for salti ness and bitt erness for all MCC samples (n = 3, 
mean ± SD).

Figure 57: 2D-Plot with taste informati on for bitt erness and aft ertaste from bitt erness for acti ve 
MCC samples (n = 3, mean ± SD).
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The placebo samples are located in a cluster on the left  (negati ve) side of the diagram and can 
only be disti nguished through their bitt erness value, but range ti ghter together than the acti ve 
samples. The acti ve samples can be disti nguished through both values which score increased 
taste values with an increase in released sodium benzoate. Another 2D-plot can be seen in Fig-
ure 57, where bitt erness is plott ed against aft ertaste from bitt erness. Again sensor responses in-
crease with an increase of sodium benzoate concentrati on, even though the absolute values are 
in a relati ve small range compared to other sensor responses, e.g. salti ness. The change from 
negati ve mV data in Figure 54 to positi ve taste values in the 2D-plots occurs through the inserti on 
of the mV data into a equati on to receive the respecti ve taste values (see Table 20). 
This data analysis with the respecti ve bar graphs, radar charts and 2D-plots was performed for 
all pellet batches, in the same manner as reported for the MCC pellets. In all cases a correlati on 
between the bitt erness and salti ness taste values, or even the raw data in mV, and an increase in 
sodium benzoate release could be established. 
To compare all fi ve batches with each other, the taste values for salti ness and aft ertaste from bit-
terness for all acti ve samples in each batch are displayed in Figure 58. As with the human taste 
panel and Astree e-tongue data, a certain order of taste can be established for the batches. High 
taste values, especially for salti ness can be seen for MCC pellets, followed by the hard fat and 
carrageenan containing pellets. Low and in this case even negati ve values are given for the pel-
lets with the lipid mixture as a binder and the coated SB pellets reach values in between and are 
again higher. The same applies to the taste values for aft ertaste from bitt erness, just in a smaller 
range.

Figure 58: Taste informati on salti ness and aft ertaste bitt erness from two sensors (SB2CT0 and 
SB2C00) for pellet batches releasing sodium benzoate over ti me.



Concluding it is possible to say that the Insent e-tongue is able to detect sodium benzoate in an 
aqueous soluti on as well as released from diff erent pellet formulati ons. A correlati on between 
the increase in sodium benzoate concentrati on and sensor responses is clearly established. Fur-
thermore six diff erent taste qualiti es (salti ness, sourness, bitt erness, astringency, aft ertaste bit-
terness and aft ertaste astringency) can be diff erenti ated and data can be displayed accordingly. 
Correlati ons between taste qualiti es can be made visible. 

3.5 Correlati on Taste panel/UV data vs. E-tongue

With the provided soft ware of the Insent taste sensing system comes a feature to correlate the 
obtained taste values with own data sets. In this case, the data obtained through the human taste 
panel test and released sodium benzoate concentrati on was used. Through multi variate data 
analysis (PLS) the six taste informati on values were correlated to the given data set and used to 
calculate a predicti ve value, either as a human taste value (rated from 0 to 3) or a released sodium 
benzoate percentage (0 to 100). This was performed for all pellet batches so that two values (hu-
man taste value and released SB %) was obtained for each tested acti ve sample, calculated by the 
e-tongue. As can be seen in Figure 59 and Figure 60, linear relati onships could be established for 
both correlati ons. The higher deviati on in the correlati on with the human taste can be explained 
by the high intra-individual variati on within the human test subjects. 
Therefore it can be concluded that it is possible to get taste informati ons with the Insent taste 
sensing system for sodium benzoate which are comparable and similar to the actual perceived 
human taste and correlate with sodium benzoate concentrati on in the tested soluti on. Further it 
is possible to use the obtained data to analyse unknown samples and get taste evaluati ons with-
out the need of taste assessment panels.
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Figure 59: E-tongue predicti on (Insent) vs. measured UV-data for sodium benzoate release.



Figure 60: E-tongue predicti on (Insent) vs. human taste scores from taste panel tests.

3.6 Comparison of the two e-tongues

The two used electronic taste measurement systems discussed in the previous chapters were 
compared to each other regarding their data analysis, measurement procedure and ease of hand-
ling. This is the fi rst report on comparati ve investi gati ons with the two e-tongues that are com-
mercially available.

Measuring principle
Both sensor systems are based on the principle of potenti ometry. With the Astree e-tongue sili-
con transistors are used which are sensiti ve towards electrostati c charging. Sensor handling is 
delicate and the detecti on of a broken, or out of range acti ng, sensor is diffi  cult. A sensor array of 
7 sensors and one reference electrode is used, where all sensors are able to detect various sub-
stances in soluti on, but diff er in their sensiti vity. This means a unique patt ern out of the 7 sensor 
answers is obtained for each substance, but no individual taste qualiti es can be disti nguished. 
The Insent e-tongue can be equipped with up to 8 sensors which are able to detect 11 taste quali-
ti es (including the detecti on of 3 aft ertastes). In this study four sensors with 6 taste qualiti es were 
used and evaluated. The sensors have to be fi lled with a Ag/AgCl-soluti on (inner soluti on) before 
measurement and can be stored under wet conditi ons in this fi lled state or can be cleaned and 
stored dry by the respecti ve user. A sensor check should be performed before each measurement 
to assure intact sensors. Each sensor has a certain voltage range for the sensor answer during 
sensor check, the sensor should not be used if the sensor response is off  this range. 
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System preparati on
The preparati on phase with the Astree e-tongue includes a conditi oning and calibrati on phase. If 
the sensor array fails the given thresholds on stability, repeatability, drift  and shift  of the sensor 
response, tests can be repeated or thresholds lowered. 
For the Insent e-tongue the above menti oned sensor check is performed to check data drift  and 
stability of each sensor. Furthermore individual soluti ons for each sensor can be prepared and 
used as a taste sample for the corresponding sensor (bitt erness, sourness, etc.).

Sample measurement
As menti oned before, placebo formulati ons for all tested samples are needed when the taste 
testi ng is performed with the Astree e-tongue. This, in combinati on with the cross-sensiti ve sen-
sors, allows only relati ve evaluati ons of the taste sensati on. Diff erent formulati ons are diffi  cult 
to compare to each other and no defi nite taste quality (bitt er, sour, etc.) can be assigned to the 
samples. 
With the Insent e-tongue placebo formulati ons are not needed. Furthermore as a reference or 
zero point either the standard soluti on or a soluti on selected by the user can be chosen. This al-
lows comparison of absolute values (mV or taste informati on values) between samples, even of 
diff erent origin.

Data analysis
Based on raw data analysis, the fi rst 1-3 replicates of the 8 runs from the Astree e-tongue are de-
leted, as well as sensors lacking discriminati on between samples. These revised data sets are then 
used for multi variate data analysis. Sample data is displayed in PCA maps and distances of acti ve 
sample to placebo are derived from these maps. Correlati on with additi onal data (either actual 
sample concentrati ons or human taste data) is possible through PLS, but has not been performed 
in this study using the Alpha-Mos Astree soft ware.
The standard Insent procedure suggests 4 runs with deleti on of the fi rst replicate for further data 
analysis. The sensor data is then centred to the chosen zero point (standard soluti on or chosen 
reference soluti on) and transformed into taste informati on values. This taste data can be dis-
played in 2-D plots, PCA maps or radar plots. Furthermore the correlati on with additi onal data 
through PLS can be performed, here it is possible to chose the number of used variables which 
also can be ranked according their importance for the overall model. Even an interpretati on of 
the raw data in mV is possible. Raw data can be exported to other soft ware programmes, e.g. to 
obtain direct correlati ons with concentrati ons.

Table 14: PLS data for four pellet batches. Correlati on of Astree Taste data with human taste eval-
uati on data and sodium benzoate concentrati ons (determined by UV).
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Correlati on Astree e-tongue vs. Taste Panel:         Corelati on Astree e-tongue vs. Concentrati on:
R2Y Q2 RMSECV [%] R2Y Q2 RMSECV [%]

MCC 0.85 0.736 22.99 MCC 0.98 0.973 6.03
Carrageenan 0.994 0.992 1.46 Carrageenan 0.98 0.97 0.73
Hard fat 0.94 0.932 7.58 Hard fat 0.93 0.92 12.17
coated SB
pellets

0.98 0.98 8.15 coated SB
pellets

0.98 0.978 15.73



Table 15: PLS data for four pellet batches. Correlati on of Insent Taste data with human taste evalu-
ati on data and sodium benzoate concentrati ons (determined by UV).

For further comparison of both e-tongues, multi variate data analysis for four of the fi ve pel-
let batches was performed with an independent soft ware (SIMCA-P, Umetrics AB, Umeå, Swe-
den). The predicti vity of the models were compared with each other. The taste data from both 
e-tongues was correlated with either the actual sodium benzoate concentrati on determined by 
UV-spectroscopy or the taste score obtained through human taste panel test through PLS as im-
plemented in Simca-P version 10.0.4. All PLS models were validated using the leave-one-out cross 
validati on (Q2) test. For all pellet batches the RMSECV was compared within the two equipments. 
With MCC and hard fat pellets the Insent e-tongue appears to have a bett er correlati on for both, 
the human taste and concentrati on data, indicated by lower RMSECV values. The same applies 
to the Astree data and carrageenan pellets, even though this data should be treated criti cally as 
the gel formati on and the interacti on of the carrageenan with the sodium impaired the results 
as no proper soluti on, which was needed for e-tongue measurement, was obtained. The coated 
sodium benzoate pellets give a split result, overall it is the batch with the highest RMSECV, there-
fore having the models with the worst predicti vity. Concerning the correlati on with human taste 
data, the Astree e-tongue is bett er, concerning concentrati on, the Insent e-tongue obtained bet-
ter values.
If all the above compared points are comprised, the Insent e-tongue is favourable to the Astree 
e-tongue in the predicti on of taste for sodium benzoate releasing pellets. The main points are the 
bett er data handling and analysis abiliti es, ease of sensor handling and slightly bett er predicti vity 
by PLS models.

3.7 Conclusion
Electronic taste measurement systems off er a new and valuable technique for formulati on de-
velopment. They are capable of detecti ng taste diff erences in diff erent formulati ons and these 
fi ndings correlate with actual drug concentrati on and perceived human taste. This makes it pos-
sible to test and analyse new and unknown samples without further need of conducti ng human 
taste panel tests at least in the early phases of formulati on development. These cumbersome, 
ti me-consuming and someti mes even diffi  cult to conduct tests may be replaced by analyti cal 
means while sti ll achieving similar results. So far, only sodium benzoate has been tested in detail 
for this study, but further investi gati onal studies in our work group revealed the usefulness of an 
e-tongue also for a range of other bitt er tasti ng drugs. Therefore a broader fi eld of applicati on 
is possible. One questi on that remains is the transferability from these fi ndings to the paediat-
ric populati on. Children have a diff erent taste percepti on than adults, and are more sensiti ve to-
wards bitt er taste and prefer sweeter tastes. If a model is built up for taste predicti on using adult 
volunteers, the outcome might be diff erent if children would have been used as test subjects. 
Nevertheless, this study proves the general usefulness and usability of these new analyti cal 
tools.
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Correlati on Insent e-tongue vs. Taste Panel:        Correlati on Insent e-tongue vs. Concentrati on:
R2Y Q2 RMSECV [%] R2Y Q2 RMSECV [%]

MCC 0.95 0.819 7.98 MCC 0.991 0.988 5.57
Carrageenan 0.94 0.88 36.90 Carrageenan 0.998 0.995 1.93
Hard fat 0.73 0.594 5.43 Hard fat 0.996 0.989 7.38
coated SB
pellets

0.87 0.815 12.44 coated SB
pellets

0.986 0.978 10.77



D  Summary

Novel drug formulati ons with sodium benzoate as an acti ve ingredient were developed in the 
present work: an infusion soluti on and taste masked pellets with lipid binders.

The infusion is intended for the use in neonates with non-ketoti c hyperglycinemia or urea cycle 
defects and for emergency cases. In contrast to common infusions prepared in hospital pharma-
cies it lowers the risk of hypernatremia in newborns.
The taste masked pellets are intended for infants and elder pati ents who are able to swallow 
small-sized parti cles together with food. In contrast to already existi ng pellets with sodium ben-
zoate the newly developed pellets do not need a polymer coati ng for an effi  cient taste masking as 
demonstrated by diff erent in vitro and in vivo taste assessment methods. The pellets show a self-
coati ng mechanism which was discovered and described in the present work for the fi rst ti me.

The parti cular results are: For the infusion soluti on a 2 %, isotonic formulati on was obtained with 
reduced sodium levels. The soluti on underwent stability testi ng for 2 years meanwhile the testi ng 
of diff erent stopper material as vial closures was included. The formulati on was stable during the 
tested ti me period, since the content of the tested ingredient was in between 95 % and 105 % of 
the nominal content for all batches. Only one stopper variety, the bromobutyl rubber stoppers, 
were evaluated as insuffi  cient, as the pH value changed signifi cantly over the tested period. 

Sodium benzoate containing pellets with MCC or κ-carrageenan prepared through and wet extru-
sion process, also pellets with four diff erent lipids as binders were investi gated as suitable dosage 
forms in 7 diff erent mixtures and prepared by cold solid lipid extrusion. 
All developed pellet batches were characterised and compared to each other as well as to previ-
ously prepared salvia-resistant coated granules with sodium benzoate. 
It is possible to obtain pellets with suitable batch characteristi cs such as spherical shape indicated 
by AR < 1.2, narrow parti cle size distributi on, a high drug load of 80 % and immediate release pro-
fi les through an extrusion/spheronisati on process and appropriate mixture of diff erent lipids. 

Within the investi gati ons it became evident that it is possible to mask the unpleasant taste in this 
lipid pellets without the need of a coati ng. We called this principle “self-coati ng” of lipid pellets. 
This mechanism fi rst described in this work, is a new technique in taste masking strategies. The 
mechanism can be explained by the producti on process. To achieve spherical pellets, the respec-
ti ve extrudates are rounded in a spheroniser, which is heated to temperatures of approximately 
10 °C below the melti ng range of the lipid with the highest fracti on in the mixture and the low-
est melti ng range. During this process, some parts of the lipid binder melt due to the heat of the 
spheroniser and fricti onal forces in the pellet bed. A separati on of the molten lipid binder and 
the solid crystalline sodium benzoate takes place. This leads to a layer of lipids of approximately 
10 μm around the surface of the pellets which acts as a diff usion barrier and masks the unpleas-
ant bitt er and salty taste. This taste masking eff ect is based on a temperature dependent release 
of the drug through this layer. Selecti on of appropriate lipid formulati ons infl uence the diff usion 
through this layer and release profi les can therefore be fi tt ed to desired kineti cs. It is possible to 
obtain pellets which display hardly any drug release at lower temperatures and are therefore able 
to mask an unpleasant taste at these temperatures whereas a higher temperature (37 °C) leads 
to a complete drug release. Further insight has to be gained into the specifi c nature of the com-
ponents in the respecti ve lipids that lead to the diff erences in the temperature dependent drug 
release eff ects through this layer.
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In taste panel tests with adult volunteers and comparison of sodium benzoate release in diff erent 
food, it could be demonstrated that these lipid pellets have a bett er taste masking ability than sa-
liva-resistant coated granules. 
The taste assessment was also performed in vitro using novel chemometric sensor systems called 
“electronic tongues”. Two of these e-tongues were used for the determinati on of taste of 5 diff er-
ent pellet formulati ons all containing sodium benzoate. The two e-tongues were evaluated and 
compared in their handling and measurement routi ne, data analysis and ability for the predicti on 
of taste. The Insent e-tongue gave a slightly bett er impression due to easier handling and meas-
urement routi ne and more abiliti es in data analysis. Both tested systems were able to detect dif-
ferences in between the tested formulati ons. Correlati ons between taste values from the human 
taste panel as well as concentrati on of released sodium benzoate and data from the e-tongues 
were possible. E-tongues off er valuable alternati ves to the common method of human taste pan-
el tests for the evaluati on of taste, especially in cases where taste assessment studies are diffi  cult, 
e.g. due to regulatory or organisati on issues, as in the formulati on development for the paediatric 
populati on.
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E  Zusammenfassung

In der Arbeit wurden neue Arzneiformen, eine Infusionslösung und geschmacksmaskierte Pellets, 
mit Natriumbenzoat als Arzneistoff  entwickelt.

Die Infusionslösung ist für die Notf allversorgung von Neugeborenen mit non-ketoti scher Hyper-
glycinämie oder Harnstoff zyklusdefekten besti mmt. Im Gegensatz zu den bisher in Krankenhausa-
potheken hergestellten Infusionslösungen bietet die neu entwickelte Infusionslösung den Vorteil, 
das Risiko von Hypernatriämien zu verringern.
Die geschmacksmaskierten Pellets sind für Kleinkinder und ältere Pati enten gedacht, die in der 
Lage sind, diese kleinen Parti kel zusammen mit der Nahrung einzunehmen. Im Gegensatz zu den 
bisher existi erenden Natriumbenzoat-Granulaten kann bei den neu entwickelten Pellets auf eine 
Geschmacksmaskierung, die auf einem separaten Prozess beruht, verzichtet werden. Dies wur-
de durch verschiedene in-vivo und in-vitro Untersuchungsmethoden gezeigt. Der Mechanismus 
der Geschmacksmaskierung, welcher erstmals in dieser Arbeit entdeckt und beschrieben wurde, 
beruht auf einer in-situ Bildung von Lipidschichten.

Für die Infusionslösung wurde eine 2 % isotone Formulierung mit reduziertem Natriumgehalt 
entwickelt. Der Einfl uss verschiedener Stopfenmaterialien auf die Stabilität der Infusionslösung 
wurde während einer zweijährigen Stabilitätsstudie untersucht. Die Formulierung erwies sich als 
stabil über den getesteten Zeitraum, da alle untersuchten Inhaltsstoff e für die getesteten Chargen 
im Bereich von 95 % bis 105 % des angegebenen Gehaltes lagen. Nur die Brombutylstopfen wur-
den aufgrund Ihres negati ven Einfl usses auf den pH-Wert der Infusion als ungeeignet bewertet.

Mitt els Feuchtextrusion wurden Natriumbenzoat-halti ge Pellets mit MCC und κ-Carrageenan als 
Bindemitt el hergestellt. Weiterhin wurden vier Lipide und Ihre Mischungen als Bindemitt el zur 
Herstellung von Lipidpellets durch kalte Festf ett extrusion untersucht.
Die hergestellten Pelletchargen wurden charakterisiert und miteinander sowie gegen die bisher 
bekannten speichelresistent-befi lmten Natriumbenzoatgranulate verglichen.
Pellets mit geeigneten Eigenschaft en, wie einem Seitenverhältnis < 1,2, enge Parti kelgrößen-
verteilung, einer hohen Arzneistoffb  eladung von 80% und schneller Arzneistoff -Freisetzung kön-
nen durch einen Extrusions/Sphäronisati ons prozess und unter Verwendung einer geeigneten Li-
pidmischung erhalten werden.

Es stellte sich während der Untersuchungen heraus, dass es möglich ist, den schlechten Ge-
schmack des Natriumbenzoates in den Lipidpellets ohne zusätzliches Überziehen der Pellets du-
rch einen funkti onellen Film zu erreichen. Der Mechanismus der in-situ Bildung von Lipidschich-
ten wurde erstmals in dieser Studie beschrieben und stellt eine neuarti ge Form der Geschmacks-
maskierung da. Der Mechanismus beruht auf der Prozessführung bei der Herstellung der Pellets. 
Zur Herstellung sphärischer Pellets werden die entsprechenden Extrudate in einem erwärmten 
Sphäroniser gerundet. Die Temperatureinstellung liegt bei 10 °C unter dem Schmelzbereich des 
Fett es mit dem niedrigsten Schmelzbereich. Während des Sphäronisati onsprozesses werden du-
rch die Erwärmung des Sphäronisers und die entstehende Reibungswärme im sich bewegenden 
Pelletbett  Teile der Fett e angeschmolzen. Es kommt es zu einer Trennung von geschmolzenem 
Fett  und kristallinem Natriumbenzoat, welches dazu führt, dass sich an der Oberfl äche der Pel-
lets eine ca. 10 μm dicke Lipidschicht bildet. Diese funkti o niert als Diff usionsbarriere und maski-
ert den schlechten Geschmack des Natriumbenzoats. Dieser Mechanismus der Geschmacksmas-
kierung beruht auf einer temperaturabhängigen Freisetzung des Wirkstoff es aus den Pellets. Du-
rch die Auswahl von geeigneten Lipidmischungen ist es möglich, die Diff usion durch diese Schicht 
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zu beeinfl ussen, um so erwünschte Freisetzungsprofi le zu erhalten, sodass bei niedrigen Temper-
aturen fast keine Arzneistoff freisetzung stattf  indet und damit der Geschmack maskiert ist, jedoch 
bei höheren Temperaturen (37 °C) eine vollständige Freisetzung vorliegt. Weiterführende Unter-
suchungen sind nöti g, um ti efere Einblicke in die genaue Zusammensetzung dieser Lipidschichten 
zu erlangen, damit der Einfl uss einzelner Lipide auf die temperaturabhängigen Freisetzungsei-
genschaft en dieser Lipidschichten charakteri siert werden kann.

In Geschmacksuntersuchungen mit freiwilligen erwachsenen Testpersonen und durch ver-
gleichende Freisetzungsuntersuchungen in verschiedener Nahrung konnte gezeigt werden, dass 
die hergestellten Lipidpellets eine bessere Geschmacksmaskierung aufweisen als die speichelre-
sistent überzogenen Granulate. 

Zur in-vitro Geschmacksuntersuchung wurden neuarti ge chemometrische Sensorsysteme, soge-
nannte elektronische Zungen (e-tongues), eingesetzt. Die beiden auf dem Markt befi ndlichen Sys-
teme wurden genutzt, um den Geschmack von fünf verschiedenen Pelletchargen zu besti mmen. 
Die beiden E-tongues wurden anhand Ihrer Handhabung, Versuchsdurchführung, Datenauswer-
tung und der Qualität der Geschmacksvorhersage beurteilt und verglichen. Die Insent E-tongue 
wurde aufgrund Ihrer einfachen Sensorhandhabung und Versuchsdurchführung sowie der größer-
en Möglichkeiten in der Datenauswertung positi ver bewertet. Beide Systeme waren in der Lage, 
Unterschiede zwischen den einzelnen Formulierungen zu detekti eren. Weiterhin war es möglich, 
eine Korrelati on zwischen den Probandenbewertungen sowie dem freigesetzten Natriumben-
zoat-Anteil in der Lösung und den Werten der E-tongues zu erstellen. 
Der Einsatz von E-tongues ist eine mögliche Alternati ve zu den üblicherweise eingesetzten Ge-
schmacksuntersuchungen mit freiwilligen Testkollekti ven. Besonders in kriti schen Fällen wie der 
Entwicklung neuer Arzneistoff e mit unbekannter Toxizität oder im Bereich neuer Kinderarzneim-
itt el, in dem Geschmacksstudien nur sehr schwer und unter hohem organisatorischen Aufwand 
durchzuführen sind, wären E-tongue-Messungen von Nutzen.
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F  Experimental Part

1. Materials

1.1 Sodium benzoate
Sodium benzoate (CAS No 532-32-1) is the sodium salt of benzoic acid and has the chemical for-
mula C6H5COONa. It has a molar mass of 144.1 g/mol, a density of 1.44 g/cm3 and a melti ng point 
around 420 °C. It is very soluble in water (550-630g/L at 20 °C) and hygroscopic at a relati ve hu-
midity above 50 %. Its pH is about 7.5 at a concentrati on of 10 g/L in water and the pKa is 9.8. So-
dium benzoate is produced through liquid-phase oxidati on, in the presence of a catalyser, of tolu-
ene to benzoic acid, which is then neutralised with sodium hydroxide to form sodium benzoate. 
It is used as a preservati ve in foodstuff  (E211), beverages, toothpastes, mouthwashes, cosmet-
ics and pharmaceuti cals due to its bacteriostati c and fungi stati c quality and is most suitable for 
foods, fruit juices and soft  drinks that are naturally in an acidic pH range, preferably in a pH range 
below 4.5. Benzoic acid permeates endothelial cells and lowers the intracellular pH. This leads to 
an inhibiti on of glycolysis, which causes a fall in ATP and thus restricts cell growth (Krebs 1983). 
The European Commission limits the use of benzoic acid and sodium benzoate in food at 0.5 % (EC 
1995). About 0.1 % is usually suffi  cient to preserve an aqueous product. In humans, the acute tox-
icity is low; however, sodium benzoate is known to cause non-immunological contact reacti ons 
(pseudo-allergies). It has a salty and bitt er taste, which is not detected by 25 % of the populati on. 
In the acidic conditi ons of the stomach, benzoate will change from the ionized form to the undis-
sociated benzoic acid. As a result, the metabolism and systemic eff ects of benzoic acid and sodi-
um benzoate are the same. Benzoic acid can be found naturally in many plants, as it is produced 
as an intermediate in the formati on of other compounds. It may be formed from cinnamic acid 
through a β-oxidati on-like process or through a direct way, without the formati on of cinnamic 
acids, branching from the shikimic acid (Hänsel 1999). High concentrati ons can be found in gum 
benzoin, i.e. up to 20 % (Hänsel 1999) or certain berries like the Vaccinum-species, e.g. cranber-
ries which can contain as much as 300-1300 mg free benzoic acid per kg fruit (Hegnauer 1966). 
The role and eff ect of sodium benzoate as a therapeuti c agent has been discussed in chapter B1. 
The used sodium benzoate qualti ti es, as well as the saliva-resistant coated sodium benzoate pel-
lets, used as a reference for pellet characterisati on, are displayed in Table 16.

Table 16: Sodium benzoate.
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Quality Batch number Supplier
Sodium benzoate Ph. Eur.

Ph. Eur.
200620609

 01/2003
Ethicare GmbH, Haltern, 

Germany
Sodium benzoate Ph. Eur. 2720 Riedel-de Haën, Seelze, 

Germany
Saliva-resistant coated

sodium benzoate granules
Clinical 
batch

260402 Ethicare GmbH, Haltern, 
Germany



1.2 Lipid grades

Diff erent lipids and binary or ternary mixtures of these lipids were used in the preparati on of pel-
lets through an extrusion/spheronisati on process.

Table 17: Used lipid grades.
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Witocan® 42/44
„Hard fat“

Dynasan® 114
„Glycerol

trimyristate“

Precirol® ATO 5
„Glycerol

distearate“

Compritol® 888 ATO
„Glycerol

dibehenate“
Quality Ph. Eur. Food grade Ph. Eur. Ph. Eur.

Compositi on 90 % <
Triglycerides

95 % <
Triglycerides

25-35 %
Triglycerides

21-35 %
Triglycerides

40-60 %
Diglycerides

40-60 %
Diglycerides

8-22 %
Monoglycerides

13-21 %
Monoglycerides

Melti ng Point 42-44 °C 55-58 °C 53-57 °C 69-74 °C
HLB 2 2 2 2

Hydroxyl 
number

15 10 100 100

Batch number 106016 512158
402156

34196 106052

Supplier Sasol, Witt en,
Germany

Sasol, Witt en,
Germany

Gatt efossé,
Weil am Rhein, 

Germany

Gatt efossé,
Weil am Rhein,

Germany
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1.3 Other substances

The following other chemical substances (Table 18) were used in this work.

Table 18: Other used substances.

Quality Batch number Supplier
Aceti c acid p.a. 41151235 Carl Roth GmbH, Karlsruhe, Germany
Acetonitrile HPLC Fisher Scienti fi c, Loughborough, UK

Ammonium acetate Ph. Eur. 10150 Riedel-de Haën, Seelze, Germany
Benzoic acid Ph. Eur. 40750 Riedel-de Haën, Seelze, Germany

Calcium chloride Ph. Eur. 4J008226 KMF, Lohmar, Germany
Desti lled water Ph. Eur. in- lab desti llati on

Hydrochloric acid
1 mol/l (1N)

p.a. Merck, Darmstadt, Germany

ĸ-carrageenan
(Gelcarin GP 911 NF)

40701170 FMC, Philadelphia, PA, USA

Microcrystalline Cellulose 
(Sanaq 102)

216150 Pharmatrans Sanaq, Basel, Switzerland

Potassium chloride Ph. Eur. 4E001643 KMF, Lohmar, Germany
Potassium hydroxide

0.1 mol/l (0.1N)
p.a. Merck, Darmstadt, Germany

Purifi ed water Ph. Eur. Reverse Osmosis
Silver chloride purum 50770 Riedel-de Haën, Seelze, Germany

Sodium hydroxide
1 mol/l (1N)

p.a. Merck, Darmstadt, Germany

Tartaric acid Ph. Eur. 50610 Riedel-de Haën, Seelze, Germany



2. Methods

2.1 Infusion preparati on

2.1.1 Manufacturing

All used glass and other equipment, including the later used stoppers and glass containers (Type I, 
Eur. Pharm.), were sterilized at 160 °C for two hours. The ingredients for the soluti on were weighed 
out and put in a volumetric fl ask. The powders were then dissolved in disti lled water.

2.1.2 Filtering and sterilizati on

Before sterilisati on, the soluti on was fi ltered through a 0.2 μm nylon bott le-top fi lter (ZAPCAP®-
CR, Schleicher & Schuell MicroScience, Riviera Beach, FL, USA) directly into the vials. Preliminary 
tests were performed to ensure that sorpti on of acti ve ingredients on fi lter material do not takes 
place. These were then closed with bromobutyl (Type V9003/FM257/1, Lot 0305340, Zscheile 
& Klinger, Hamburg, Germany) and chlorobutyl (Type 4443/4106/50 , Lot 2208057, Zscheile & 
Klinger, Hamburg, Germany) rubber stoppers as well as tefl on-coated FluroTec stoppers (Type 
PH 4104/40, West Pharmaceuti cal Services, Eschweiler, Germany) which were retained by an 
aluminium crimped seal (Type ZK 3214, Lot 900369, Zscheile & Klinger, Hamburg, Germany) and 
autoclaved (tutt nauer 3850 EL, Tutt nauer, Breda, The Netherlands) for 15 minutes at 121 °C and 
2 bar.

2.1.3 Storage

Infusion vials with each stopper variety were then stored at room temperature to allow stability 
testi ng over 24 months with a three month sample interval (n=3). Six vials for chloro-, bromobutyl 
stoppers and Tefl on stoppers, were stored under accelerated conditi ons at 40 °C (ET 6130, Her-
aeus, Hanau, Germany) for six months according to the ICH Note for Guidance on Stability Testi ng 
(CPMP/ICH 2003). 

2.2 Infusion characterisati on

2.2.1 HPLC-UV (DAD)

Sodium benzoate content of infusion soluti ons was determined by a validated high-performance 
liquid chromatography (HPLC) method, developed by Breitkreutz et al. (2003). A HPLC apparatus 
Hewlett -Packard 1090 Series II (Agilent, Böblingen, Germany) with an UV-diode array detector 
and a Rheodyne injecti on loop 7125 (Alsbach, Germany) with a volume of 20 μl was used to ob-
tain chromatograms. A Microliter #702 injecti on ti p (Hamilton, Reno, USA) with 25 μl volume was 
used to inject the analysed soluti ons. Analysis of the data was performed with the Hewlett -Pack-
ard ChemStati on Rev. A.06.03 (Agilent, Böblingen, Germany). The method was validated based 
on the ICH Guideline Q2 (R1) “Validati on of Analyti cal Procedures” (2003). An identi fi cati on of the 
peaks was based on the retenti on ti me, referred to benzoic acid (p.a. as laboratory standard) as 
internal standard. The laboratory standard was calibrated with Benzoic acid USP Reference Stand-
ard 05500 (Lot F-5). The resulti ng calibrati on factor was 1.0015. Due to the acidic pH the resulti ng 
peaks could be att ributed to benzoic acid, and therefore benzoic acid could be used as the refer-
ence standard substance.
The eluent was a mixture of 30 % acetonitrile and 70 % 0.01 M aqueous ammonium acetate so-
luti on adjusted to pH 4.5 by aceti c acid with a fl ow rate of 1 ml/min. A reverse phase prepacked 
column Agilent Eclipse XDB-C18 (dimensions: 4.6 x 150 mm, size of packaging material: 5 μm, 
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Agilent) was used with a column temperature of 40 °C. The wavelength for peak evaluati on was 
225 nm.
A stock soluti on was used to prepare soluti ons with 50, 75, 100, 125 and 150 % content of the 
labelled claim which were then analysed in random order (n = 2). The detected value was calcu-
lated according to following equati on:

with ASample and ABA as AUC of the sample and the standard, respecti vely. eBA and eSample are the ini-
ti al weight and nc is the nominal content of each sample. The recovery rate was 99.81 % (n = 10). 
The linearity was calculated from these samples, resulti ng in a linearity with the calibrati on equa-
ti on y mAU*s = 14.727 x mg/100 ml. The coeffi  cient of determinati on was 0.9994 at 225 nm from 
1.5-4.5 mg/100 ml (50-150 % content). The limit of quanti fi cati on and qualifi cati on was deter-
mined with eight soluti ons ranging from 1.5 to 0.0156 % content resulti ng in a limit of quanti fi ca-
ti on of 0.0019 mg/ 100 ml and limit of qualifi cati on 0.000059 mg/100 ml. The precision, deter-
mined by the relati ve standard deviati on of six separately weighed samples (n = 2), was 1.45 %.
50.0 mg benzoic acid was completely dissolved in 100 ml disti lled water in a volumetric fl ask; 
5.0 ml of the soluti on was diluted to 100.0 ml with eluent and the resulti ng soluti on marked as 
laboratory standard soluti on. During sample measurements, the standard soluti on was injected 
two ti mes before sample measurement started and aft er every fi ft h sample. Sample data was 
only analysed if the relati ve standard deviati on of the standard soluti on was < 2 %. 
To prepare samples from infusion soluti ons, 3.0 ml infusion soluti on was diluted to 100 ml with 
disti lled water in a volumetric fl ask and 5.0 ml from this soluti on was then mixed with eluent in a 
100 ml volumetric fl ask. Each sample was measured twice.
The content was calculated according to following equati on:

With ASample and ABA as AUC of the sample and the standard, respecti vely, and eBA and eSample as the 
initi al weight.

2.2.2 Atomic absorpti on spectroscopy

The content of sodium, potassium and calcium in the infusion soluti ons were analysed by atom-
ic absorpti on spectroscopy (AAS-1100-B, Perkin-Elmer, Überlingen, Germany). An acetylene/air 
fl ame with 10 cm width was used to atomize the samples. As a light source, hollow cathode lamps 
of the respecti ve elements were used. The calibrati on was done with two reference soluti ons 
(higher and lower concentrati on around the nominal value) for each element and each analy-
sis ti me point. Due to ionisati on and physical interferences the reference soluti ons contained 
the same matrix as the samples, e.g. the reference soluti ons for sodium contained, next to a set 
amount of sodium also calcium and potassium in the same concentrati on as it would be in the 
sample soluti on. For the detecti on of sodium a Perkin Elmer Intensitron™ hollow cathode lamp 
(Part #3036065, Serial #402606, Perkin Elmer, Überlingen, Germany) was used with 8 mA current. 
The spectral line was 589.0 nm and the gap length of the monochromator 0.4 nm. Reference so-
luti ons with 0.8 and 1.2 mg sodium/l were used for calibrati on. For sample preparati on, 0.3 ml of 
the infusion soluti on was diluted to 1 l in a volummetric fl ask to obtain a nominal concentrati on 
of approx. 1 mg/l. For potassium, a Perkin Elmer Photron™ hollow cathode lamp (Part No P941, 
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Figure 61: Matrix eff ect for calcium; Infl uence of potassium and sodium (n = 3, mean ± SD).

Figure 62: Matrix eff ect for potassium; Infl uence of calcium and sodium (n = 3, mean ± SD).



Serial No HBE 0081, Überlingen, Germany) was used with 15 mA current. The analysed spectral 
line was 766.5 nm and the monochromator gap length 0.4 nm. The reference soluti ons contained 
0.8 and 1.2 mg potassium/l. 6.0 ml of the infusion soluti on was diluted to 1 l to obtain samples 
with a nominal content of approximately 1 mg/l. For calcium, again an Intensitron™ lamp (Part 
#3036017, Serial #206597, Perkin Elmer, Überlingen, Germany) was used with 10 mA current. The 
spectral line was 422.7 nm and a monochromator gap length of 0.7 nm was set. The concentra-
ti on of calcium in the reference soluti ons was 6 and 10 mg/l. Here for sample preparati on with 
approximately 9 mg/l nominal content, 10.0 ml of the infusion soluti on were diluted to 100 ml. 
As ionisati on interferences and physical interferences are described as common problems in the 
analysis of alkali (Na+, K+) and alkaline earth metals (Ca2+) (Technical Documentati on, Perkin Elm-
er) the matrix infl uence of the samples was analysed before actual sample measurements took 
place. Ionisati on interferences can take place when thermal dissociati on of a sample not only 
lead to atoms, but when these atoms are transferred into higher excited states or are ionized. 
Atoms with electrons in higher energy levels can not absorb at the same wavelength as atoms 
in ground state and are therefore not detectable. This is a common occurrence with alkali and 
alkaline earth metals. It diminishes the sensiti vity and depends on the concentrati on. The addi-
ti on of another element, which is easy to ionize, can correct this interference through the law of 
mass acti on as it represses the ionizati on of the actual element to detect. Physical interferences 
can be overcome by adding the same main components to all sample and reference soluti ons to 
keep the overall number of formed atoms alike in all soluti ons. To investi gate the occurrence of 
these interfer ences in the infusion samples, soluti ons with the analysed substance and soluti ons 
where the other two components were added separately as well as together were analysed for 
each element, e.g. for calcium soluti ons with just calcium chloride, calcium chloride and potas-
sium chloride, calcium chloride and sodium benzoate as well as a soluti on with calcium chloride, 
potassium chloride and sodium benzoate were measured and their absorpti on was compared. As 
can be seen from Figure 61, the adding of the single components led to a considerable increase 
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in absorpti on. The eff ect is stronger for sodium than for potassium as the actual fracti on was 
kept alike to the initi al formulati on where sodium benzoate is the main component with 20 g/l 
whereas the other two components add up to less than 1g. This further explains why the matrix 
eff ect was least prominent in the detecti on of sodium, the main component, where the additi on 
of small concentrati ons of either calcium or potassium did not infl uence the absorpti on strongly 
(see Figure 63). The matrix eff ect was less pronounced in potassium than in calcium, but again the 
stronger infl uence of sodium in comparison to calcium was clear to see, as displayed in Figure 62. 
As a result, all reference soluti ons were prepared with a set concentrati on of one component and 
the additi on of the two other components in concentrati ons alike to the tested samples. Calcium, 
potassium and sodium concentrati ons were analysed for all vials with diff erent stopper varieti es 
separately over 24 months for the vials stored at room temperature and 12 months for the ones 
stored under accelerated conditi ons.

2.2.3 Osmometry

The osmolality of the infusion soluti on was measured with a semi-micro freezing point osmo-
meter (Knauer, Berlin, Germany). Calibrati on was performed before every measuring cycle using 
a 0 mosmol/kg and a 400 mosmol/kg standard soluti on. About 150 μl of the soluti on was inserted 
into the measuring cap and super cooled by a Pelti er device. Freezing was initi ated by a sti r wire. 
The results could be read off  directly in mosmol/kg from the scale.

2.2.4 pH-Measurement

The pH-value of the infusion soluti ons was measured with pH-electrodes Calimati c® 766 (Knick, 
Berlin, Germany) and Knick Type 507 (Berlin, Germany).

2.3 Pellet producti on

2.3.1 Sieving

Powdered excipients were desagglomerated by sieving through a sieve with 1400 μm mesh size 
before further processing.

2.3.2 Blending

Aft er weighing, the powdered materials were transferred into a laboratory scale blender (LM 40, 
Bohle, Enningerloh, Germany) and blended for 15 minutes at 25 U/min. Aft erwards the mixture 
was transferred into the gravimetric powder feeder of the extruder (KT20, K-Tron, Soder, Lenz-
hard, Switzerland).

2.3.3 Extrusion

For wet and solid lipid extrusion, a Micro 27GL-28D extruder (Leistritz, Nuremberg, Germany) 
with co-rotati ng twin-screws was used. The extruder was equipped with an axial screen plate 
with 23 dies of 1 mm and 2.5 mm length for all experiments. The length of the screws was 790 
mm and as a screw confi gurati on, a set up of only conveying elements was chosen to allow easier 
adaptati on of processes to other extruder types. As seen in Figure 64, where the applied screw 
confi gurati on is shown schemati cally, the conveying elements were inserted in order of decreas-
ing pitch size (from 40 to 20). Due to easier adaptati on the temperature for fi ve out of the seven 
cylinders of the extruder were set to 25 °C during the cold lipid extrusion. The cylinder next to the 
axial screen was cooled to 20 °C as no direct temperature control of the screen plate was possi-
ble and during process, a conti nuous heati ng up of the screen plate occurred due to the applied 
pressure and fricti onal heat. The cylinder where the powder was fed in was not equipped with a 
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temperature control. For wet extrusion, all six cylinders were cooled to 25 °C. The extrusion of li-
pid mixtures was performed at a constant screw speed of 50 rpm and a powder feed rate of 40 g/
min. With MCC and ĸ-carrageenan the extrusion was performed at a constant screw speed of 100 
rpm or 200 rpm (for one mixture containing benzoic acid and MCC), a powder feed rate of 33 g/
min and a suitable liquid supply. The granulati on liquid was purifi ed water conti nuously pumped 
by a membrane pump (Cerex EP-31, Bran und Lübbe, Norderstedt, Germany) with a fl ow through 
metering device (Corimass MFC-081/K, Krohne, Duisburg, Germany). During pro cess ti me the 
powder and liquid feed rate, screw speed, driving power, temperature and pressure at the screen 
plate was recorded. 300 g batches of extrudate were collected. Spheronisati on was conducted 
immediately for wet extrudates and on the next day for lipid extrudates. During wet extrusion, 
three samples each of about 1-2 g were collected during the process for the determinati on of the 
loss on drying. 

Figure 64: Extruder confi gurati on (numbers indicati ng the pitch size of the respecti ve element).

2.3.4 Spheronisati on

Batches of 300 g extrudate were transferred into a Schlueter spheroniser RM 300 (Schlueter, Neu-
stadt am Ruebenberge, Germany). The apparatus was equipped with a 300 mm diameter cross-
hatched rotor plate (see Figure 65 for a detail drawing). Compressed air was used to keep the gap 
between rotor plate and spheroniser jacket open. The speed of the rotor plate, jacket tempera-
ture and spheronisati on ti me were varied for the spheronisati on of lipid formulati ons and are ex-
plained in detail in chapter C2.3.3. For wet extrusion, 300 g of wet extrudates were collected and 
then spheronised for 5 min at 1000 rpm at 25 °C.
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Figure 65: Detail drawing of the cross-hatched rotor plate (Schmidt and Kleinebudde 1998).

2.3.5 Pellet drying

The pellets produced by wet extrusion, with either MCC or ĸ-carrageenan as a binder, were dried 
in a fl uid bed apparatus (GPCG 1.1, Glatt , Dresden, Germany) with an inlet air temperature of 
60 °C and an air fl ow of 100 m3/min for 10 minutes. For the determinati on of the loss on drying, 
the pellets were stored in a vacuum oven (Heraeus VT 6060 M, Kendo, Hanau, Germany) at 70 °C 
and barometric pressure of < 10 mbar for 24 h. The humidity (H) of the pellets were determined 
by the weight of the sample before (eB) and aft er (eA) drying.

Pellets made from lipids were not subjected to a drying process.

2.3.6 Pellet preparati on for SEM

A sample of pellets was put in an evaporati ng dish and doused in liquid nitrogen. Aft er the evapo-
rati on of the nitrogen, the frozen pellets were tapped on with a pestle. Suitable fragments of split 
pellets were att ached onto the brass specimen holder for scanning electron microscopy.

2.3.7 Pellet milling

For further pellet characterisati on through dissoluti on testi ng, one lipid pellet batch was ground 
using the Ultra Centrifugal Mill ZM 200 (Retsch, Haan, Germany). The size reducti on of the pellets 
took place through impact and shearing eff ects between the 12 wedge-shaped rotor teeth and 
the fi xed ring sieve with conidur holes. This ensured a fast processing of the samples without al-
tering through the milling process. The size of the conidur holes was 1.5 mm and the speed was 
set to 6000 rpm.
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2.4 Pellet Characterisati on

2.4.1 Pellet shape, size and size distributi on

Pellet yield was defi ned as the sieved fracti on from 0.63 to 2.0 mm. Representati ve samples of 
suitable volume were obtained from the yield using a rotary sample divider (Retschmühle PT, Ret-
sch, Haan, Germany). Image analysis was conducted using a system consisti ng of a stereomicro-
scope (Leica MZ 75, Cambridge, UK), a ring light with cold light source (Leica KL 1500, Cambridge, 
UK), a digital camera (Leica CS 300 F, Cambridge, UK) and a computer with data logging card and 
the soft ware Image C (QWin, Leica, Cambridge, UK). Images of at least 500 pellets of each sam-
ple at a suitable magnifi cati on (1 pixel = 17.5 μm) were translated into binary images. Contacti ng 
pellets were separated by the soft ware algorithm. If the automati c separati on failed, pellets were 
deleted manually. For each pellet, 64 independent Feret diameters were determined. As a meth-
od to characterise the shape of the obtained granules the aspect rati o was used. The aspect rati o 
was calculated from following equati on:

with maximum Feret diameter (dmax) of each individual pellet and the Feret diameter perpendicu-
lar to it (d90). The pellet size was characterised by the equivalent diameter (deq). It was calculated 
using the projected pellet surface (A) (Voigt 2000).

The rati o of the mean Feret diameter (dF) and the median of all mean Feret diameters (dF50) was 
used to calculate the dimensionless parti cle size (d)(Kleinebudde 1997) to guarantee comparabil-
ity between the parti cle size distributi ons of diff erent pellet batches. The distributi on of the par-
ti cle size was characterised by the fracti on of the parti cles in the interval 0.9 < d < 1.1. The size 
distributi on was characterised as “good” if the fracti on of this 10 % interval exceeded 50 % (Thom-
mes et al. 2006).

2.4.2 Pellet storage

To observe changes in release profi les through thermal treatment of lipid pellets, samples of lipid 
pellet batches were stored at 32 °C in a drying oven (ET 6130, Heraeus, Hanau, Germany) for four 
weeks. A temperature of 10 °C below the melti ng point of the lowest melti ng lipid component of 
the formulati ons was adjusted. Hence, in the case of Witocan 42/44, 32 °C was chosen. 

2.4.3 Dissoluti on tests, UV/VIS-spectroscopy

The dissoluti on tests were performed using the Ph. Eur. basket apparatus method at 150 rpm (So-
tax AT7, Sotax, Lörrach, Germany). The dissoluti on media were purifi ed water, 0.1 N hydrochloric 
acid and phosphate puff er soluti on pH 6.0 R2 (Ph. Eur) conti nuously pumped (Sotax piston pump 
CY 7, Sotax, Lörrach, Germany) to a UV/VIS-Photometer (Lambda 2, Perkin-Elmer, Überlingen, 
Germany). The concentrati on of sodium benzoate in the dissoluti on fl uid was determined by 
measuring the absorpti on at 273 nm. Preliminary investi gati ons showed that the extrusion aids 
do not have an impact on the absorpti on at the wavelength 273 nm. All experiments were con-
ducted with fi ve replicates. Calibrati on of the UV/VIS- photometer was performed using 6 solu-
ti ons (Absorpti on = 0.1 – 1.1; n = 3).
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2.4.4 Drug release in food stuff 

2.0 g of pellets were mixed into 100.0 g of diff erent food stuff  (milk, apple sauce, vanilla yoghurt 
and vanilla pudding) and samples of 1.0 g were taken aft er 5, 10 and 20 minutes. The samples 
were dissolved in about 50 ml of HPLC eluent (see 2.2.1) and poured through a paper fi lter into a 
100 ml volummetric fl ask, which was then fi lled with eluent. Prior to injecti on into the HPLC, the 
samples were fi ltered through a 0.45 μm fi lter. The same HPLC assay as for the analysis of the in-
fusion samples was used (2.2.1). 

2.4.5 Taste panel test

Samples of 2.0 g of pellets were sti rred in 100 ml of disti lled water unti l batch dependent ti me 
points (for MCC and ĸ-carrageenan samples were taken aft er 1, 3, 5, 8 and 10 minutes, for un-
coated lipid pellets sample points were 5, 8, 10, 15 and 30 minutes and for a saliva-resistant 
coated formulati on the sample points were 5, 10, 30, 60 and 120 minutes) and then the pellets 
were sieved off . The soluti ons were tasted by adult volunteers and rated on a scale from 0 to 3.5 
indicati ng no taste (0) to very bad taste (3.5). Each volunteer was given unlimited amount of ti me 
between testi ng the diff erent samples and water to rinse the mouth before testi ng the next sam-
ple. The same samples were also analysed through UV-spectroscopy (Spekol 1200, Analyti k Jena, 
Jena, Germany) to determine the sodium benzoate concentrati on of the soluti on.

2.4.6 Electronic tongues

Electronic tongues are analyti cal systems, based on the principal of potenti ometry, for taste meas-
urement. The two diff erent systems available on the market have been used in this work.

Astree e-tongue
A αAstree liquid and taste analyzer (E-Tongue) connected with a LS16 autosampler unit and 
equipped with a data acquisiti on and analysis soft ware package (Alpha-MOS, Toulouse, France) 
was used to conduct the studies (Figure 66). 

                                      Figure 66: α Astree Electronic Tongue (Alpha MOS).
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As a sensor set, the sensor array #2 for pharmaceuti cal purposes with the sensors ZZ, AB, BA, BB, 
CA, DA and JE was selected. The sensors are silicon transistors with an organic coati ng, details 
on sensor material have not been disclosed by the manufacturer. The measurement principle is 
based on the potenti ometric diff erence between each individually coated sensor and the Ag/AgCl 
reference electrode. Sensors show cross-selecti vity i.e. each sensor is enabled to react to several 
diff erent chemical substances, but with a diff erent sensiti vity. Sensors were stored in air and the 
reference electrode in a washing soluti on. Before the actual test series, several system checks 
were performed. Sensors were stored in water to allow conditi oning, i.e. hydrati ng of the matrix. 
The reproducibility of sensor data was checked in a conditi oning phase where three 0.01 mol/l 
hydrochloric acid test soluti ons were measured three ti mes. This allowed checking the stability of 
sensor response, dispersion of each sensor response and maximum dispersion of the average be-
tween the three runs. If parameters failed to meet the set criteria for any of the parameters, the 
conditi oning phase was repeated or the set criteria changed to a lower limit. Calibrati on was per-
formed with one sample of 0.01 mol/l hydrochloric acid test soluti on, which was measured three 
ti mes. Stability of sensor response, dispersion of sensor response and the diff erence between 
target and real values of the sensor response were tested. The diagnosti c test with three stand-
ard soluti ons of 0.01 mol/L of hydrochloric acid, sodium chloride and sodium glutamate, which 
were analysed six ti mes, was done to test the discriminati on of the sensors. The results were dis-
played in a principal component analysis (PCA) with a minimal discriminati on index of 94. In case 
of a lower discriminati on index the test was repeated. The sample volume was 80 ml and sample 
preparati on was done as described in chapter 2.4.5. 

Figure 67: Sensor head with att ached sensor array (Alpha-MOS).

For each tested pellet formulati on, a corresponding placebo formulati on (matrix without an ac-
ti ve ingredient) was prepared. This was necessary, as the Astree e-tongue is only able to detect 
taste diff erences between formulati ons. The sensor head with the att ached sensor array and a 
mechanical sti rrer (see Figure 67) was dipped in a beaker containing the sample. Each sample 
was analysed for 180 s and the data acquisiti on ti me was 120 s. In between samples, the sensors 
were rinsed for 20 s in water. First all placebo formulati ons and then all acti ve containing samples 
were analysed, the whole process was repeated 8 ti mes. The measured output represents the 
aggregate potenti al diff erence for each sensor vs. the reference electrode. Data collected by the 
e-tongue were reviewed, and replicates (starti ng with the fi rst out of 8) as well as sensors were 
taken out unti l the RSD for all samples and sensors reached a minimum. A multi variate analysis, 
i.e. PCA was used by the α-Astree soft ware to reduce the dimensional spaces, without losing in-
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formati on. For each sample, a cluster could be obtained in a PCA map. The PCA was only evalu-
ated if the discriminati on index (DI) was > 80. The distance between a pair of data cluster (the 
placebo sample and the corresponding sample with the acti ve ingredient) was determined and 
used to assess the taste intensity. The bigger the distance on a PCA map, the bigger the diff erence 
in taste between the samples.

Insent Taste Sensing System
The Insent Taste Sensing System SA402B (Intelligent Sensor Technology, Atsugi, Japan), as seen 
in Figure 68, equipped with four sensors (SB2CT0, SB2CA0, SB2C00, SB2AE1) and reference elec-
trodes as well as analysing soft ware was used to detect taste and taste diff erences in diff erent 
formulati ons.

             Figure 68: Insent Taste Sensing System SA402B (Intelligent Sensor Technology, Ltd.)

The sensors are comprised out of a sensor probe body and a terminal with an att ached silver 
wire, which is plated with Ag/AgCl. The inner cavity, which is open to one side, is fi lled with 3.33 
M potassium chloride (KCl) soluti on saturated with AgCl (inner soluti on) and closed by a lipid/poly-
mer membrane. The reference electrode consists of the terminal part and a glass tube, which is 
also fi lled with inner soluti on, with a porous ceramic fi eld at the ti p (see Figure 69). Before the 
test series, the stored sensors were fi lled with inner soluti on and left  to saturate for half a day. 
The sensors were then att ached to the sensor heads (2) of the system according to their mem-
brane charge (positi ve or negati ve). A standard soluti on of 30 mM KCl and 0.3 mM tartaric acid 
and diff erent washing soluti ons for sensors with positi ve and negati ve charged membranes were 
prepared and beakers with them positi oned on the sampling rack. A sensor check was performed 
before each test series. The sensors were dipped repeatedly in standard soluti on as a cleaning 
procedure (90 s dipping into the fi rst beaker set, 120 s each into the 2nd and 3rd set) and then con-
diti oned in the standard soluti on for 30 s. None of the sensors should exceed the stability of 0.5 
mV diff erence from the set value otherwise the procedure is repeated. Furthermore, all sensors 
should be in their respecti ve mV range or should be replaced. 
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                        Figure 69: Insent Sensors; left : Taste Sensor right: Reference electrode 
                             (Intelligent Sensor Technology, Ltd.)
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Figure 70: Measurement details (Intelligent Sensor Technology, Ltd.).
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Sample measurement followed a standard procedure, also displayed in Figure 70. The fi rst phase 
included the washing of the sensors for 330 s in three diff erent beaker sets (the fi rst with etha-
nolic washing soluti ons, the others with standard soluti on). In the second phase the sensor out-
put was conditi oned for 30 s in the next set of standard soluti on, then the actual sample was 
measured for 30 s and the sensor outputs aft er this ti me recorded, aft erwards the sensors were 
dipped shortly (3 s) in two standard soluti on beaker sets for cleaning. The last step was again the 
measurement of a standard soluti on similar to phase two. 
This procedure was repeated for every sample. Each sample was tested four ti mes by rotati on 
procedure (i.e., the fi rst round of measurements of all samples was completed before the next 
round was started). The Insent sensors react, due to their specifi c lipid/polymer membrane, par-
ti cularly to functi onal groups. In this study, four sensors detecti ng taste informati on for bitt er-
ness, salti ness, sourness and astringency were used (see Table 19 for the property of the diff er-
ent sensors). 

Table 19: Property of sensors.

The sample value (= relati ve value) from each sensor was calculated from the actual mV response 
of the sensor in the sample soluti on minus the value Vr, which is the actual mV response of the 
sensor in standard soluti on. For two sensors, a CPA value (aft ertaste) was recorded from the mV 
response of the last measurement in standard soluti on minus Vr. For data analysis, mean relati ve 
values for each sample and sensor were calculated from the last three out of four runs. For direct 
correlati on with other data, these mean values were used. Using the Insent Soft ware further data 
analysis was possible. In a process called “interpolati ng additi on process”, the values obtained 
from the standard soluti on were used to defi ne the zero point and all data from the samples were 
displayed in relati on to it. Sample data could be depicted in a radar plot or a PCA where the allo-
cati on of the components could be chosen from the sensors. Further data analysis was possible 
with “transformati on to taste informati on” by substi tuti ng the relati ve values into taste specifi c 
equati ons, through this process the mV data was changed into dimensionless “taste values”.

Table 20: Equati ons for the transformati on of raw data into taste informati on by the Insent Soft -
ware (Intelligent Sensor Technology, Ltd.).
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 Sensor Relati ve Value CPA Value
 SB2C00 Bitt erness Aft ertaste from bitt erness
 SB2AE1 Astringency Aft ertaste from astringency
 SB2CA0 Sourness None
 SB2CT0 Salti ness None

Taste informati on Equati on for taste informati on
Sourness = 0.332 x sensor SB2CA0 + 12.0
Bitt erness = -0.140 x sensor SB2C00 + 0.084 x sensor SB2CT0
Adstringency = -0.1575 x sensor SB2AE1 + 0.1575 x sensor CT0
Salti ness = -0.1575 x sensor SB2AAE
Aft ertaste from bitt erness = -0.210 x CPA (C00)
Aft ertaste from adstringency = -0.252 x CPA (AE1)



These values could again be displayed in either radar or PCA plots. If correlati on with other data 
sets was required, a MRA data fi le was built through adding the additi onal data e.g. data from 
dissoluti on tests or human taste panel results. The multi variate data analysis was then displayed 
in a PLS.

2.4.7 Multi variate analysis of taste predicti on models

For the correlati on of taste data from both e-tongues with either the actual sodium benzoate 
concentrati on determined by UV-spectroscopy or the human taste impression obtained through 
human taste panel test, the multi variate data analysis tool “projecti on to latent structures by 
means of parti al least squares”(PLS), as implemented in Simca-P version 10.0.4 (Umetrics AB, 
Umeå, Sweden) was used. All variables (e-tongue data) were mean centred and scaled to unit vari-
ance. The predictability of the models was judged by the R2 and the RMSECV (root mean square 
error of cross validati on), calculated according to following equati on:

where obs and pred were the observed and the predicted values for the observati ons (taste), re-
specti vely, and N the number of observati ons. All PLS models were validated using the leave-one-
out cross validati on (Q2) test. Simple variable selecti on was applied to decrease the complexity 
of the models and ease interpretati on. If the exclusion of the least important variable resulted in 
a model with a higher Q2, then that descriptor was permanently left  out of the model. This pro-
cedure was repeated unti l no further improvement was accomplished. The aim of the variable 
selecti on was to achieve a high predicitvity and removing informati on not directly related to the 
response variable thus increasing the robustness of the model.

2.4.8 Helium density

The gas pycnometric density (ρHe) of dry pellets was determined by a helium pycnometer (Accu-
Pyc, Micromeriti cs, Norcross, USA). The measuring temperature was 25 ± 0.1 °C, the fi lling and 
equilibrati on pressure 134 kPa and each sample was measured fi ve ti mes in a 10 cm3 sample 
chamber. For each tested pellet batch, three samples were analysed.

2.4.9 Mercury density

The determinati on of the mercury density (ρM) was performed with a mercury porosimeter (Pas-
cal 140, Thermo Finigan, Milan, Italy) on the same pellet samples that were used before for the 
helium density. All samples were evacuated for 20 minutes at 0.01 kPa to assure equal conditi ons 
for the additi on of mercury. Volume determinati on was done automati cally aft er evacuati on and 
fi lling of the dilatometer. 

2.4.10 Porosity

The porosity of the diff erent pellet batches was calculated using the helium and mercury density 
according to following equati on:
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2.4.11 Scanning electron microscopy (SEM)

Pellets were visualised by the scanning electron microscope Leo 1430 VP (Leo Electron Micro-
scopy, Cambridge, UK). Working voltages between 15 and 20 kV were used. The samples were 
gold sputt ered by the Agar Manual Sputt er Coater B7340 (Agar Scienti fi c, Stansted, UK) prior to 
electron microscopic investi gati ons. The sputt ering was done in 12 steps of 15 s with 30 s breaks 
in between to avoid parti al melti ng of the samples.

2.4.12 X-ray diff racti on

For each batch, pellets were compressed to receive the smooth surface required for X-ray diff rac-
ti on measurements. The compacts made from lipid pellets and sodium benzoate powder, before 
and aft er storage at 32 °C for 4 weeks in an ET 6130 drying oven (Hanau, Germany) were used 
for qualitati ve x-ray diff racti on measurements performed by a Rigaku Minifl ex (Rigaku Denki Co. 
Ltd., Tokyo, Japan) powder diff ractometer with Bragg-Brentano-geometry. The anode consisted 
of copper and the accelerati on voltage was 30 kV at which a current fl ow of 10 mA emerged. The 
theta-angle bracket was 3 to 50°, the measuring range 1000 cps, the scan speed 2°/min and the 
distance between two data points 0.02°. 

2.4.13 Raman spectroscopy

For these studies, a Raman spectrometer (Control Development Inc., South Bend, IN, USA) 
equipped with a thermoelectrically cooled CCD detector and a fi ber opti c probe (Raman Probe 
RPS785/12-5, InPhotonics, Norwood, MA, USA) was used. A 500 mW laser source (Starbright 
785S, Torsana Laser Technologies, Skodsborg, Denmark) provided the light at 785 nm. The spec-
tra were recorded between 200 and 2200 cm-1 with an integrati on ti me of 1 s and by averaging 
30 scans per spectrum. The samples were gently compressed into the sample holder to obtain a 
smooth surface. The sample holder was put on a rotor (80 rpm) to prevent sub-sampling. Each 
experiment was conducted in triplicate to avoid artefacts. 

2.4.14 Karl-Fischer ti trati on

For the determinati on of the water content in extrudates prepared through wet extrusion a Karl-
Fischer ti trator type DL 18 (Mett ler, Gießen, Germany) was used. The operati ng medium was Hy-
dranal®-methanol dry (Lot. 5095A) and Hydranal®-formamide dry (Lot. 5081A) in equal shares at 
room temperature. The one-component-reagent was Hydranal®-composite 5 (Lot. 5081A) and as 
calibrati ng soluti on Hydranal-Water Standard 10.0 (Lot. 52980) was used. One gram of the cali-
brati ng soluti on contained 10.07 mg of water. Measurements were performed at room tempera-
ture (n = 3). 

2.4.15  Diff erenti al scanning calorimetry

Thermal characteristi cs of lipids, lipid mixtures and lipid pellets were studied using a Mett ler DSC 
821e (Mett ler Toledo, Giessen, Germany) in duplicate. DSC scans were recorded at a heati ng rate 
of 10 K/min. Samples with an initi al weight of approximately 3 mg were heated from 20 to 120 °C 
in a sealed and pierced aluminium pan. Data analysis was performed with the STARe program Ver-
sion 6.01 (Mett ler-Toledo, Giessen, Germany). An empty aluminium pan was used as reference.

95

Experimental Part – Methods



96

G  Bibliography

ALIEFENDIOĞLU D, ASLAN AT, COŞKUN T, DURSUN A, CAKMAK FN, KESIMER M, Transient nonketoti c hy-
perglycinemia: two case reports and literature review, Pediatr Neurol 28 (2003) 151-155

AL-OMRAN MF, AL-SUWAYEH SA, EL-HELW AM, SALEH SI, Taste masking of diclofenac sodium using 
microencapsulati on, J Microencapsul 19 (2002) 45-52

APPLEGARTH DA, TOONE JR, Nonketoti c hyperglycinemia (glycine enecephalopathy): laboratory di-
agnosis, Molec Genet Metab 74 (2001) 139-146

BASHAIWOLDU AB, PODCZECK F, NEWTON JM, A study on the eff ect of drying techniques on the me-
chanical properti es of pellets and compacted pellets, Eur Pharm Sci 21 (2004) 119-129

BATSHAW ML, MACARTHUR RB, TUCHMAN M, Alternati ve pathway therapy for urea cycle disorders: 
Twenty years later, J Pediatr 138 (2001) S46-S55

BLASE CM, SHAH MN, Taste-masked pharmaceuti cal suspensions for pharmaceuti cal acti ves, Eur 
Pat Appl EP0556057 (1993) 

BNF for children 2006, BMJ Publishing Group Ltd London p 544
BONEH A, DEGANI Y, HARARI M, Prognosti c clues and outcome of early treatment of nonketoti c hy-

perglycinemia, Pediatr Neurol 15 (1996) 137-141
BORNHÖFT M, THOMMES M, KLEINEBUDDE P, Preliminary assessment of carrageenan as excipient 

for extrusion/spheronisati on, Eur J Pharm Biopharm 59 (2005) 127-131
BOUWMAN AM, BOSMA JC, VONK P, WESSELINGH JHA, FRIJLINK HW, Which shape factor(s) best de-

scribe granules?, Powder Technol 146 (2004) 66-72
BREITKREUTZ J, WESSEL T, BOOS J, Dosage forms for peroral drug administrati on to children, Paedi-

atr Perinat Drug Ther 3 (1999) 25-33
BREITKREUTZ J, BORNHÖFT M, WÖLL F, KLEINEBUDDE P, Pediatric drug formulati ons of sodium ben-

zoate: II. Coated granules with a lipophilic binder, Eur J Pharm Biopharm 56 (2003) 255-
260

BREITKREUTZ J, Kindgerechte Arzneizubereitungen zur peroralen Anwendung, Habilitati on thesis, 
Westf älische-Wilhelms-University (2004) Münster 

BREITKREUTZ J, BOOS J, Paediatric and geriatric drug delivery, Expert Opin Drug Deliv 4 (1) (2007) 
37-45

CAO QR, KIM TW, LEE BJ, Photoimages and the release characteristi cs of lipophilic matrix tablets 
containing highly water-soluble potassium citrate with high drug loadings, Int J Pharm 339 
(2007) 19-24

COLE ET, Liquid-fi lled hard-gelati n capsules, Pharm Technol 13 (1989) 124-140
Conine J W, Hadley H R, Small solid pharmaceuti cal spheres, Drug & Cosmeti c Industry 106 (1970) 

38-41
COMMITTEE FOR MEDICINAL PRODUCTS FOR HUMAN USE (CHMP), Refl ecti on paper: formulati ons of 

choice for the paediatric populati on (2005) EMEA/CHMP/PEG/194810/2005
CORVELEYN S, DE SMEDT S, REMON JP, Moisture absorpti on and desorpti on of diff erent rubber 

lyophilisati on closures, Int J Pharm 159 (1997) 57-65

DANYSZ W, PARSONS CG, Glycine and N-methyl-S-aspartate receptors: physiological signifi cance 
and possible therapeuti c applicati ons, Pharmacol Rev 50 (1998) 597-664

DEUTSCHE ARBEITSGEMEINSCHAFT FÜR KÜNSTLICHE ERNÄHRUNG, Empfehlungen zur parenteralen In-
fusions- und Ernährungstheraphie im Kindesalter (1986) 

Bibliography



DINOPOULOS A, KURE S, CHUCK G, SATO K, GILBERT DL, MATSUBARA Y, DEGRAUW T, Glycine decarbox-
ylase mutati ons: a disti ncti ve phenotype of nonketoti c hyperglycinemia in adults, Neurol-
ogy 64 (2003) 1064-1066

DOBETTI L, Fast disintegrati ng tablets, US Patent 6,596,311 (2003)
DOBYNS WB, Agenesis of the corpus callosum and gyral malformati ons are frequent manifesta-

ti ons of nonketoti c hyperglycinemia, Neurology 39 (1989) 817-820

ERNI W, ZELLER M, POIT N, Die Eignung von Fett pellets als Zwischenform für perorale Depotarznei-
formen, Acta Pharm Technol 26 (1980) 165-171

European Commission ec.europa.eu/health/ph_threats/non_com/rare_diseases_en.htm
EUROPEAN MEDICINES AGENCY: ICH Topic E 11. Clinical investi gati ons of medicinal products in the 

paediatric populati on (2000) EMEA/CHMP/ICH/2711/99
EVRARD B, AMIGHI K, BETEN D, DELATTRE L, MOËS AJ, Infl uence of melti ng and rheological proper-

ti es of fatt y binders on the melt granulati on process in a High-Shear mixer, Drug Dev Ind 
Pharm 25 (1999) 1177-1184

FAHAM A, PRINDERRE P, FARAH N, EICHLER KD, KALANTZIS G, JOACHIM J, Hot-melt coati ng technology. 
I. Infl uence of Compritol 888 ATO and granule size on theophylline release, Drug Dev Ind 
Pharm 26 (2000) 167-176

FLUSSER H, KORMAN SH, SATO K, MATSUBARA Y, GALIL A, KURE S, Mild encephalopathy (NKH) in a 
large kindred due to a silent exonic GDLC splice mutati on, Neurology 64 (2005) 1426-1430

GAUTHIER P, AIACHE JM, Manufacture and dissoluti on studies of lipid spheres: Part I, Pharm Tech 
Eur 10 (2003) 55-66

GILBERTSON TA, DAMAK S, MARGOLSKEE RF, The molecular physiology of taste transducti on, Cur 
Opin Neurol 10 (2000) 519-527

HAMDANI J, MOËS AJ, AMIGHI K, Development and evaluati on of prolonged release pellets ob-
tained by the melt pelleti zati on process, Int J Pharm 245 (2002) 167-177

HAMOSH A, MAHER JF, BELLUS GA, ET AL., Long-term use of high-dose sodium benzoate and dex-
tromethorphan for the treatment of non-ketoti c hyperglycinemia, J Pediatr 132 (1998) 709-
713

HAMOSH A, JOHNSTON MV, Nonketoti c hyperglycinemia. In: Scriver CR, Beaudet AL, Sly WS, Valle 
D, eds; The Meatbolic and Molecular Bases of Inherited Disease, 8th edn. McGraw-Hill, New 
York (2001) 2065-2078

HASHIMOTO Y, TANAKA M, KISHIMOTO H, SHIOZAWA H, HASEGAWA K, MATSUYAMA K, UCHIDA T, Prepa-
rati on, characterizati on and taste-masking properti es of polyvinylacetal diethylaminoace-
tate microspheres containing trimebuti ne, J Pharm Pharmacol 54 (2002) 1323-1328

HASHIMOTO Y, MATSUNAGA C, TOKUYAMA E, TSUJI E, UCHIDA T, OKADA H, The quanti tati ve predicti on 
of bitt erness-suppressing eff ect of sweeteners on the bitt erness of famoti dine by sweet-
ness-responsive sensor, Chem Pharm Bull 55 (2007) 739-746

HÄNSEL R, STICHER O, STEINEGGER E, Pharmakognosie-Phytopharmazie, 6. Aufl ., Springer-Verlag 
(1999) 35 and 748

HELLEN L, YLIRUUSI J, Process variables of instant granulator and spheroniser, Int J Pharm 96 (1993) 
217-223

HENNERMANN JB, BARUFE JM, MÖNCH E, Klinische Variabilität bei Kindern mit Nichtketoti scher Hy-
perglycinämie – Eine Verlaufsstudie von 36 Pati enten, Monatsschr Kinderheilk 150 (2002) 
905

97

Bibliography



HONEYSETT RA, FREELY LC, HOADLEY TH, SIMS EE, Taste-masked bufl omedil preparati on, Eur Pat 
Appl EP0501763 (1992)

HOOVER-FONG JE, SHAH S, VAN HOVE JKL, APPLEGARTH D, TOONE J, HAMOSH A, Natural history of 
non-ketoti c hyperglycinemia in 65 pati ents, Neurology 63 (2004) 1847-1853

HU LD, TANG X, CUI F, Solid lipid nanoparti cles (SLNs) to improve oral bioavailability of poorly solu-
ble drugs, J Pharm Pharmacol, 56 (2004) 1527-1535

HULSMANN S, BACKENSFELD T, KEITEL S, BODMEIER R, Melt extrusion – an alternati ve method for 
enhancing the dissoluti on rate of 17-beta-estradiol hemihydrate, Eur J Pharm Biopharm 49 
(2000) 237-242

ICH Q1A (R2) Stability testi ng guidelines: Stability testi ng of new drug substances and products 
CPMP/ICH/2736/99 (2003)

ISHIZAKA T, MIYANAGA Y, MUKAI J, ASAKA K, NAKAI Y, TSUIJ E, UCHIDA T, Bitt erness evaluati on of medi-
cines for pediatric use by a taste sensor, Chem Pharm Bull 52 (2004) 943-948

JANNIN V, POCHARD E, CHAMBIN O, Infl uence of poloxamers on the dissoluti on performance and 
stability of controlled-release formulati ons containing Precirol® ATO 5, Int J Pharm 309 
(2006) 6-15

JANNIN V, MUSAKHANIAN J, MARCHAUD D, Approaches for the development of solid and semi-solid 
lipid-based formulati ons, Adv Drug Deliver Rev 60 (2008) 734-746

Joint Expert Committ ee for Food Additi ves (JECFA), www.inchem.org/pages/jecfa.html

KANNO J, HUTCHIN T, KAMADA F, NARISAWA A, AOKI Y, MATSUBARA Y, KURE S, Genomic deleti on 
within GLCD is a major cause of non-ketoti c hyperglycinaemia, J Med Genet 44 (2007) e69 
(doi:10.1136/jmg.2006.043448)

KAYUMBA PC, HUYGHEBAERT N, CORDELLA C, NTAWUKULIRYAYO JD, VERVAET C, REMON JP, Quinine sul-
phate pellets for fl exible pediatric drug dosing: Formulati on development and evaluati on 
of taste-masking effi  ciency using the electronic tongue, Eur J Pharm Biopharm 66 (2007) 
460-465

KLEINEBUDDE P, Shrinking and swelling properti es of pellets containing microcrystalline cellulose 
and low substi tuted hydroxypropylcellulose: I. Shrinking properti es, Int J Pharm 109 (1994) 
209-219

KLEINEBUDDE P, Use of a power-consumpti on-controlled extruder in the development of pellet 
formulati ons, J Pharm Sci 84 (1995) 1259-1264

KLEINEBUDDE P, Pharmazeuti sche Pellets durch Extrudieren/Sphäronisieren, Habilitati on-Thesis, 
University Kiel (1997)

KLEINEBUDDE P, The crystallite-gel-model for Microcrystalline Cellulose in wet-granulati on, extru-
sion, and spheronizati on, Pharm Res 14 (1997b) 804-809

KORMAN SH, WEXLER ID, GUTMAN A, ROLLAND MO, KANNO J, KURE S, Treatment from birth of non-
ketoti c hyperglycinemia due to a novel GLDC mutati on, Ann Neurol 59 (2006) 411-415

KOTKOSKIE LA, BUTT MT, SELINGER E, FREEMAN C, WEINER ML, Qualitati ve investi gati on of uptake of 
fi ne parti cle size microcrystalline cellulose following oral administrati on in rats, J. Anat. 189 
(1996) 531-535

KUBOTA K, ISHIZAKI T, Dose-dependent pharmacokineti cs of sodium benzoate following oral ad-
ministrati on of sodium benzoate to humans, Eur J Clin Pharmacol 41 (1991) 363-368

KURASUMI T, IMAMORI K, IWASA A, Carbetapentane citrate containing compositi on, JP 03,236,316 
(1991)

98

Bibliography



LAINE E, AURAMO P, KAHELA P, On the structural behaviour of triglycerides with ti me, Int J Pharm 
43 (1988) 241-247

LARSSON K, Classifi cati on of glyceride crystal forms, Acta Chem Scand 20 (1966) 2255-2260
LAUGERETTE F, PASSILY-DEGRACE P, PATRIS B, NIOT I, FEBBRAIO M, MONTAYEUR JP, BESNARD P, CD36 in-

volvment in orosensory detecti on of dietary lipids, spontaneous fat preference, and diges-
ti ve secreti on, J Clin Invest 115 (2005) 3177-3184

LEGIN A, RUDNITSKAYA A, CLAPHAM D, SELEZNEV B, LORD K, VLASOV Y, Electronic tongue for phar-
maceuti cal analyti cs: quanti fi cati on of tastes and masking eff ects, Anal Bioanal Chem 380 
(2004) 36-45

LI L, NAINI V, AHMED SU, Uti lizati on of a modifi ed special-cubic design and an electronic tongue for 
bitt erness masking formulati on opti mizati on, J Pharm Sci 96 (2007) 2723-2734

LIEM DG, MENNELLA JA, Sweet and sour preferences during childhood: role of early experiences, 
Dev Psychobiol 41 (2002) 388-395

LIEM DG, MARS M, DE GRAAF C, Consistency of sensory testi ng with 4- and 5-year-old children, 
Food Quality and Preference 15 (2004) 541-548

LIU J, ZHANG F, MCGINITY JW, Properti es of lipophilic tablets containing phenylpropanolamine hy-
drochloride prepared by hot-melt extrusion, Eur J Pharm Biopharm 52 (2001) 181-190

MANEK SP, KAMAT VS, Evaluati on of Indion CRP-244 and CRP-254 as sustained release and taste 
masking agents, Indian J Pharm Sci 43 (1981) 209-212

MCCANN D, BARRETT A, COOPER A, ET AL., Food additi ves and hyperacti ve behaviour in 3-year-old 
and 8/9-year-old children in the community: a randomised, double-blinded, placebo-con-
trolled trial, Lancet 370 (9598) (2007) 1560-1567

MAFF, Report on the review of the use of additi ves in food specially prepared for infants and 
young children, Food Advisory Committ ee, FdaC/Rep 12, HMSO London (1992)

MATSUI D, LIEM R, TSCHEN T, RIEDER MJ, Assessment of the palatability of β-lactamase-resistant 
anti bioti cs in children, Arch Pediatr Adolesc Med 151 (1997) 599-602

MCNALLY G, BUNICK F, Taste masking of bitt er drugs for pedatric dosage forms, Am Pharm Rev 9 
(2006) 38-44

MICHALK A, Geschmacksmaskierung durch Festf ett -Extrusion, Dissertati on, Heinrich-Heine-Uni-
versity, (2007) Düsseldorf

MIYAGAWA Y, OKABE T, YAMAGUCHI Y, MIYAJIMA M, SATO H, SUNADA H, Controlled-release of di-
colfenac sodium from wax matrix granule, Int J Pharm 138 (1996) 215-224

MÜLLER RH, MÄDER K, GOHLA S, Solid lipid nanoparti cles (SLN) for controlled drug delivery – a re-
view of the state of the art, Eur J Pharm Biopharm 50 (2000) 161-177

NASSOGNE MC, HÉRON B, TOUATI G, RABIER D, SAUDUBRAY JM, Urea cycle defects: Managment and 
outcome, J Inherit Metab Dis 28 (2005) 407-414

OHYA Y, OCHI N, MIZUTANI N, ET AL., Nonketoti c hyperglycinemia: treatment with NMDA antago-
nists and considerati ons of neuropathogenesis, Pediatr Neurol 7 (1991) 65-68

OKADA S, NAKAHARA H, ISAKA H, Adsorpti on of drugs on microcrystalline cellulose suspended in 
aqueous soluti ons, Chem Pharm Bull 35 (1987) 761-768

Orphanet, The portal for rare diseases and orphan drugs www.orpha.net/consor/cgi-bin/index.
php

OYANAGI K, KUNIYA Y, TSUCHIYAMA A, NAKAO T, OWADA E, SATO J, ITO K, Clinical and laboratory obser-
vati ons. Nonlinear eliminati on of benzoate in pati ents with congenti al hyperammonemia, J 
Pediatr 110 (1987) 634-636

99

Bibliography



PAHLKE G, FRIEDRICH R, Persorpti on von mikrokristalliner Cellulose, Naturwissenschaft en 61 (1974) 
35

PALLAGI E, VASS K, PINTYE-HÓDI, KÁSA P, FALKAY G, ERŐS I, SZABÓ-RÉVÉSZ, Iron(II) sulfate release from 
drop-formed lipophilic matrices developed by spezial hot-melt technology, Eur J Pharm Bi-
opharm 57 (2004) 287-294

PASSERINI N, ALBERTINI B, PERISSUTI B, RODRIGUEZ L, Evaluati on of melt granulati on and ultrasonic 
spray congealing as techniques to enhance the dissoluti on of praziquantel, Int J Pharm 318 
(2006) 92-102

PAWAR S, KUMAR A, Issues in the formulati on of drugs for the oral use in children. Role of excipi-
ents, Pediatric Drugs 4 (2002) 371-379

PODCZECK F, RAHMAN SR, NEWTON JM, Evaluati on of a standardised procedure to assess the shape 
of pellets using image analysis, Int J Pharm 192 (1999) 123-138

PRAPAITRAKUL W, SPROCKEL OL, SHIVANAND P, Release of Chlorpheniramine Maleate from Fatt y 
Acid Ester Matrix Disks Prepared by Melt-Extrusion, J Pharm Pharmacol 43 (1991) 377-381

PRAPHANPHOJ V, BOYADJIEV SA, WABER LJ, BRUSILOW SW, GERAGHTY MT, Three cases of intravenous 
sodium benzoate and sodium phenylacetate toxicity occurring in the treatment of acute hy-
perammonaemia, J Inherit Metab Dis 23 (2000) 129-136

RANDAK C, RÖSCHINGER W, ROLINSKI B, HADORN HB, APPLEGARTH DA, ROSCHER AA, Three siblings 
with nonketoti c hyperglycinaemia, mildly elevated plasma homocystein concentrati ons and 
moderate methylmalonic aciduria, J Inherit Metab Dis 23 (2000) 520-522

REITZ C, KLEINEBUDDE P, Solid lipid extrusion of sustained release dosage forms, Eur J Pharm Biop-
harm 67 (2007) 440-448

REYNOLDS A D, A new technique for the producti on of spherical parti cles, Manufacturing Chemist 
& Aerosol News 41 (1970) 40-43

RÖMBACH E, ULRICH J, Redukti on der Prozessschritt e durch unmitt elbare Selbstbeschichtung von 
Parti keln, Chem-Ing-Tech 79 (2007) 215-222

SADRIEH N, BROWER J, YU L, DOUB W, STRAUGHN A, MACHADO S, PELSOR F ET AL., Stability, dose uni-
formity, and palatability of three counterterrorism drugs – human subject and electronic 
tongue studies, Pharm Res 22 (2005) 1747-1756

SARAIYA D, BOLTON D, The use of Precirol® to prepare sustained release tablets of theophylline and 
quinine gluconate, Drug Dev Ind Pharm 16 (1990) 1963-1969

SATO K, Crystallizati on behaviour of fats and lipids – a review, Chem Eng Sci 56 (2001) 2255-2265
SATO K, UENO S, YANO J, Molecular interacti ons and kineti c properti es of fats, Prog Lipid Res 38 

(1999) 91-116
SAVOLAINEN M, HERDER J, KHOO C, LÖVQVIST K, DAHLQVIST C, GLAD H, JUPPO AM, Evaluati on of polar 

lipid-hydrophilic polymer microparti cles, Int J Pharm 262 (2003) 47-62
SCHIRM E, TOBI H, VRIES TW, CHOONARA I, DE JONG-VAN DEN BERG LTW, Lack of appropriate formula-

ti ons of medicines for children in the community, Acta Paediatr 92 (2003) 1486-1489
SCHMIDT C, KLEINEBUDDE P, Comparison between a twin screw extruder and a rotary ring die 

press. Part II: infl uences of process variables, Eur J Pharm Biopharm 45 (1998) 173-179
SCHMITT B, Neugeborenenkrämpfe – Update, Neuropädiatrie 2 (2003) 96-102
SCHUTGENS RBH, KET JL, HAYASAKA K, TADA K, Non-ketoti c hyperglycinemia due to a defi ciency of 

T-protein in the glycine cleavage system in liver and brain, J Inherit Metab Dis 9 (1986) 208-
214

SEO A, SCHÄFER T, Melt agglomerati on with polyethylene glycol beads at a low impeller speed in a 
high shear mixer, Eur J Pharm Biopharm 52 (2001) 315-325

100

Bibliography



SIEKMANN B, WESTESEN K, Investi gati ons on solid lipid nanoparti cles prepared by precipitati on in 
o/w emulsions, Eur J Pharm Biopharm 43 (1996) 104-109

SINGH R, PODDAR SS, CHIVATE A, Sintering of wax for controlling release from pellets, AAPS Pharm-
SciTech 8 (2007) 175-183

SJÖVALL J, FOGH A, HUITFELDT B, KARLSSON G, NYLÉN O, Methods for evaluati ng the taste of paedi-
atric formulati ons in children: A comparison between the facial hedonic method and the 
pati ents´ own spontaneous verbal judgements, Eur J Pediatr 142 (1984) 243-247

SOHI H, SULTANA Y, KHAR KR, Taste masking technologies in oral pharmaceuti cals: Recent develop-
ments and approaches, Drug Dev Ind Pharm 30 (2004) 429-448

SOUTO EB, MÜLLER RH, SLN and NLC for topical delivery of ketoconazole, J Microencapsul 22 (2005) 
501-510

SPEISER P, Lipidnanopellets als Trägersystem für Arzneimitt el zur peroralen Anwendung, European 
Patent EP 0167825 (1990)

STARK H, GRASSMANN S, REICHERT U, Struktur, Funkti on und potenti elle therapeuti sche Bedeutung 
von NMDA-Rezeptoren. Teil 2: Therapiekonzepte und neue Rezeptorliganden, Pharm Un-
serer Zeit 29 (2000) 228-236

STEINER RD, SWEETSER DA, ROHRBAUGH JR, DOWTON SB, TOONE JR, APPLEGARTH DA, Nonketoti c hy-
perglycinemia: atypical clinical and biochemical manifestati ons, J Pediatr 128 (1996) 243-
246

STEPHENSON FA, Structure and traffi  cking of NMDA and GABAA receptors, Biochem Soc Tran 34 
(2006) 877-881

STRICKLEY RG, Currently marketed oral lipid-based dosage forms: drug products and excipients, in: 
Hauss DJ (Ed.), Oral Lipid-Based Formulati ons – Enhancing Bioavailability of Poorly Water-
Soluble Drugs, Informa Healthcare (2007) New York 1-31

SUGAO H, YAMAZAKI S, SHIOZAWA H, KATSUHIKO Y, Taste masking of bitt er drug powder without loss 
of bioavailability by heat treatment of wax-coated microparti cles, J Pharm Sci 87 (1998) 96-
100

SUSHMA S, DASARATHY S, TANDON RK, JAIN S, GUPTA S, BHIST MS, Sodium benzoate in the treatment 
of acute hepati c encephalopathy: A Double-blind randomized trial, Hepatology 16 (1992) 
138-144 

SUTANANTA W, CRAIG DQM, NEWTON JM, Eff ects of aging on the thermal behaviour and mechani-
cal properti es of pharmaceuti cal glycerides, Int J Pharm 111 (1994) 51-62

SUTANANTA W, CRAIG DQM, NEWTON JM, An investi gati on into the eff ects of preparati on condi-
ti ons and storage on the rate of drug-release from pharmaceuti cal glyceride bases, J Pharm 
Pharmacol 47 (1995) 355-359

SUZUKI H, ONISHI H,TAKAHASHI Y, IWATA M, MACHIDA Y, Development of oral acetaminophen chew-
able tablets with inhibited bitt er taste, Int J Pharm 251 (2003) 123-132

SUZUKI H, ONISHI H, HISAMATSU S, MASUDA K,TAKAHASHI Y, IWATA M, MACHIDA Y, Acetaminophen-
containing chewable tablets with supressed bitt erness and improved oral feeling, Int J 
Pharm 278 (2004) 51-61

TADA K, Nonketoti c hyperglycinemia: clinical and metabolic aspects, Enzyme 38 (1987) 27-35
THOMMES M, KLEINEBUDDE P, Use of ĸ-carrageenan as alternati ve pelleti sati on aid to microcrystal-

line cellulose in extrusion/spheronisati on. II. Infl uence of drug and fi ller type, Eur J Pharm 
Biopharm 63 (2006) 68-75

TOKO K, Electronic tongue, Biosens Bioelectron 13 (1998) 701-709
TOONE JR, APPLEGARTH DA, LEVY HL, COULTER-MACKIE MB, LEE G, Molecular geneti c and potenti al 

biochemical characteristi cs of pati ents with T-protein defi ciency as a cause of glycine en-
cephalopathy (NKH), Molec Genet Metab 79 (2003) 272-280

101

Bibliogrpahy



TOSCANI M, DREHOBL M, FREED J, STOOL S, A multi -center, randomized, comparati ve assessment in 
healthy pediatric volunteers of the palatability of oral anti bioti cs eff ecti ve in the therapy of 
oti ti s media, Curr Ther Res Clin Exp 61 (2000) 278-285

VAN HOVE JKL, KISHNANI P, MUENZER J, WENSTRUP RJ, SUMMAR ML, BRUMMOND MR, LACHIEWICZ 
AM, MILLINGTON DS, KAHLER SG, Benzoate therapy and carniti ne defi ciency in non-ketoti c 
hyperglycinemia, Am J Med Genet 59 (1995) 444-453

VAN HOVE JKL, KISHNANI PS, DEMAEREL P, KAHLER SG, MILLER C, JAEKEN J, RUTLEDGE SL, Acute hydro-
cephalus in nonketoti c hyperglycinemia, Neurology 54 (2000) 754-756 

VAN HOVE JLK, VANDE KERCKHOVE K, HENNERMANN JB, MAHIEU V, DECLERCQ P, MERTENS S, DE BECKER 
M, KISHNANI PS, JAEKEN J, Benzoate treatment and the glycine index in nonketoti c hypergly-
cinemia, J Inherit Metab Dis 28 (2005) 651-663

VERVAET C, BAERT L, REMON J P, Extrusion-spheronisati on: A literature review, Int J Pharm 116 
(1995) 131-146

VIOLA A, CHABROL B, NICOLI F, ET AL. Magneti c resonance spectroscopy study of glycine pathways 
in nonketoti c hyperglycinemia, Pediatr Res 52 (2002) 292-300

VISSER J, KROEZE JHA, KAMPS WA, BIJLEVELD CMA, Testi ng taste sensiti vity and aversion in very 
young children: development of a procedure, Appeti te 34 (2000) 169-176

WITTGREN B, BORGSTROM J, PICULELL L, WAHLUND KG, Conformati onal change and aggregati on of 
ĸ-carrageenan studied by fl ow fi eld-fl ow fracti onati on and multi angle light scatt ering, Bi-
opolymers 45 (1998) 85-96

YAJIMA T, NOBUO U, ITAI S, Opti mum spray congealing conditi ons for masking the bitt er taste of 
clarithromycin in wax matrix, Chem Pharm Bull 47 (1999) 220-225

ZHOU F, VERVAET C, REMON JP, Matrix pellets on the combinati on of waxes, starches and maltodex-
trins, Int J Pharm 133 (1996) 155-160

102

Bibliography



H  Acknowledgements 

Ich danke Prof. Jörg Breitkreutz für die freundliche Aufnahme in seinen Arbeitskreis und die Über-
lassung des sehr interessanten Themas. Vielen Dank auch für die sehr gute Betreuung, Unter-
stützung in jeder Hinsicht sowie für eine immerwährende Diskussionsbereitschaft , und das trotz 
stressiger Zeiten immer eine off ene Tür und ein off enes Ohr vorhanden waren.

Prof. Peter Kleinebudde danke ich für die Übernahme des Koreferats, die herzliche Aufnahme in 
das Insti tut sowie die zahlreichen themenbezogenen Diskussionen und Anregungen.

Ich danke der Firma Ethicare GmbH für die Bereitstellung des Natriumbenzoats und den Firmen 
Sasol Germany GmbH und Gatt efossé GmbH für die großzügigen Materialspenden, die diese Ar-
beit ermöglicht haben.

Karin Mathée danke ich ganz herzlich für die Aufnahmen der REM-Bilder und die Durchführung 
der DSC-Messungen, ebenso Dorothee Eikeler für die Aufnahmen der REM-Bilder sowie der Bere-
itschaft , sich mit dem neuen Bereich der “E-tongue” auseinanderzusetzen und so viel zu helfen.

Vielen Dank auch an Dr. Markus Thommes für die sehr gute und ausführliche Einführung am Ex-
truder, die generelle Bereitschaft , andere an seinem reichhalti gen Erfahrungsschatz teilnehmen 
zu lassen und eine bei weitem nicht selbstverständliche Hilfsbereitschaft , was fachliche Probleme 
angeht.

Ich danke meinem Diplomanden Christoph Kindermann sehr für seine Mithilfe bei den Freiset-
zungsuntersuchungen, genauso wie den Studenti nnen Inna Junemann und Julia Weber. Ihr alle 
habt mit Eurem fl eißigen Einsatz sehr zum Gelingen dieser Untersuchungen beigetragen.

Furthermore,I would like to thank Dr. Catherine Tuleu, School of Pharmacy, London, for the gen-
erous opportunity to work with the Astree E-tongue belonging to her laboratory and the kind 
support by her and her student, Roy Turner. Thank you, Catherine for your help and support dur-
ing that ti me.

A big thank you also to Timo Mohnani, who did a fabulous job with the proof reading of this work, 
in an incredibly short ti me, to correct any atrocious misuse of the English language.

Ich bin allen Kolleginnen und Kollegen sowie allen Mitarbeitern des Insti tutes für Ihre Unterstüt-
zung in technischer und wissenschaft licher Hinsicht, für Ihre Diskussionsbereitschaft  und wertvol-
len Anregungen zu Dank verpfl ichtet. 
Besonders danke ich hier auch meinen beiden “Labormitbewohnerinnen” Maike Sti ers und Rieke 
Draheim, die immer für ein Mitdenken, Überprüfen und Diskuti eren eines Problems, sowie für 
die wichti ge Kaff eepause Zeit hatt en. Außerdem danke ich Maike noch für die Durchführung der 
Raman-Messungen in Finnland.
Dank auch an alle Kolleginnen und Kollegen, die bei nett en Grillfesten, Pharma-Parti es und Alt-
stadtabenden dabei waren. Ihr habt alle sehr dazu beigetragen, dass ich auf die Zeit in Düsseldorf 
gerne zurückblicken werde.

103

Acknowlegements



Mein Dank gilt natürlich auch meiner Familie, die mich auf meinem Weg immer unterstützt hat 
und mir zur Seite stand, besonders danke ich meinem Vater Günter für die Hilfe beim Layout die-
ser Arbeit, sowie meiner Mutt er Doris für die moralische Unterstützung.

„Kiitos paljon“ an Ville, ohne den meine Promoti onszeit sicher ganz anders ausgesehen hätt e, für 
seine Unterstützung als auch stoische Gelassenheit und Ruhe, gerade in den letzten Monaten.

104

Acknowlegements 


	Dissertation pdfA 01-10.pdf
	Dissertation pdfA 11-20.pdf
	Dissertation pdfA 21-30.pdf
	Dissertation pdfA 31-40.pdf
	Dissertation pdfA 41-50.pdf
	Dissertation pdfA 51-60.pdf
	Dissertation pdfA 61-64.pdf
	Dissertation pdfA 65-65.pdf
	Dissertation pdfA 67-70.pdf
	Dissertation pdfA 71-80.pdf
	Dissertation pdfA 81-106.pdf



