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Abstract 

Microneedles with different compositions and materials have previously been studied in 
the field of transdermal drug delivery. Microneedles will have the same advantages as a 
drug delivery system as patches for transdermal drug administration and the injection of 
drug substances, in that it will avoid first pass metabolism. Like patches, it also can be 
used for local drug administration. The microneedle also share the advantages of the 
drug administration through injection but with less pain.  
The intention with this study was to investigate the effect additives had on material 
strength, disintegration and dissolution rate on microneedles with different drug and 
additives added. The main material was the ceramic material prepared of calcium 
sulphate hemihydrate with a liquid phase consisted of sodium carboxy methylcellulose, 
a drug substance, and deionized water. A feasibility study was performed where different 
cellulose derivates where screened for compositions that qualified to disintegrate and 
simultaneously exhibit some strength. The characterization of ceramic materials was 
done by using standard methods for testing ceramic material, and standard methods for 
testing pharmaceutical formulation as tablets. The method for distinguish the presence 
of hemihydrate and dihydrate was done by using x-ray diffraction crystallography (XRD) 
to investigate the crystal structure.  A universal test machine was used to measure the 
compressive strength. The disintegration properties where tested with the six basket rack 
apparatus described in the pharm.eur, and finally the dissolution test was performed as 
described in the pharmacopeia. Eur to investigate the drug release rate from the material 
of prepared as ceramic rods. The microstructure of the microneedles where analyzed 
with the scanning electron microscopy (SEM). By including a cellulose derivate like CMC 
at certain concentrations, the composition will disintegrate in water or phosphate buffer 
at pH 6.8 and this will affect the drug release profile. The liquid: powder ratio is also 
critical for the properties of disintegration and the dissolution rate will be affected.  
Addition of cellulose derivate to the composition probably will cause the needle to 
disintegrate within the skin after application. This will cause a larger amount of the drug 
content to be released from the material for drugs with low solubility. The properties of 
dissolution seem to be dependent on the nature of the drug and the concentration of the 
drug for some drug substances like zolpidem tartrate, while it is independent of the 
presence of cellulose derivate for other substances like sodium salicylate. The main result 
from the study show that sodium carboxy methyl cellulose has an influence on the drug 
release rate of drugs in microneedles molded from calcium sulphate hemihydrate and 
deionized water. The characterization of rods molded from the material for 
microneedles, show that the content of dihydrate change with additives added with both 
the amount and the nature of the additives. The liquid:powder ratio is also critical for the 
properties of disintegration and the dissolution will be affected, which is consistent with 
the literature, that the liquid powder ratio have an influence on the mechanical strength 
of cement. 
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Introduction 

Microneedles with different compositions and materials have previously been studied in 
the field of transdermal drug delivery. Microneedles will have the same advantages as a 
drug delivery system as patches for transdermal drug administration and the injection of 
drug substances, in that it will avoid first pass metabolism. Like patches, it also can be 
used for local drug administration. The microneedle also share the advantages of the 
drug administration through injection but with less pain. 
The manufacture of microneeldes as a drug carrier have not yet been put in production, 
but there are prosperities about availability on the market in about 5 years. There are 
also planned clinical studies for the microneedle to administrate vaccines in spring 
2015(1). The microneedle material must have properties that make it safe to use. The 
calcium sulphate is a friendly material to the skin, in that it is biocompatible with 
resorbability properties (2). Calcium sulphate has been used in biomedicine with 
additives to adjust the properties of the material, often to enhance its strength. A good 
enough strength of the material, combined with the biodegradation properties that 
removes remaining remedies in the skin after the administration, makes it interesting to 
use as material for microneedles. 
 
 
Transdermal drug delivery  
 
Drug delivery, into the systemic circulation across intact healthy skin, is referred to as 
transdermal drug delivery (3, p. 2). The common way of transdermal drug delivery has 
been mainly transcellular, intracellular diffusion, and diffusion through the hair 
follicles and channels from glands that penetrate from deep skin up to the skin surface. 
The number of hair follicles and channels from glands are too few in the human skin to 
be efficient enough as a way of delivery of pharmaceutical substances (3, p. 7). 

 The skin is a self-repairing organ where stratum corneum is the end product cell 
differentiation. The densely packed layers of corneosytes are dead keratinocyte cells. It 
consists of 75-88% of protein, 5-15% of lipids and 5-10% other substances. The keratin, 
a protein within the keratinocytes, provides the mechanical strength of stratum 
corneum (3, p. 5). The mechanical strength of the outer most layer of the skin can vary 
according to age, and position on the body. One study has results from study of pig 
skin, and the range of tensile strength was shown to vary from 0.25-57 MPa depending 
on the type of skin and where it was positioned(4). 

The composition of the outermost layer of the skin, results in difficulties for most of the 
pharmaceutical drug molecules to penetrate, because most of the drug substances are 
basic, large hydrophilic molecules. Drugs that penetrate through the epidermis will reach 
dermis; a 2-4mm thick layer located under epidermis, and rapidly be absorbed into the 
systemic circulation. The rich blood supply of microscopic vessels in the dermis reach up 
to 0,2 mm of the skin surface, but not into the epidermis. It consists of a fibrous protein 
(collagen) that give strength by the property of binding, and a network of fibrous protein 
(elastin) between collagen bundles that cause elasticity and resistance of the skin to 
deformational forces(3, p. 6). Elastin is embedded in a mucopolysaccharide gel (3, p. 2).  
 
 
Microneedles 
 
One general description of microneedles is as a supporting base or patch, where one of 
the sides is covered with arrays of plurality of micronized projections (5). The height of 
the projections can vary from 25 m to 2000 m. By piercing through stratum corneum, 
it can facilitate an effective transport of molecules across the skin (5). Microneedles can 
be described as a drug formulation that has the properties to break through the stratum 
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corneum, and deliver the pharmaceutical substances it is loaded with, into the 
subcutaneous layers of skin.  

A length less than 300 mcm will avoid affecting the nerve fibers and blood vessels in the 
dermis, when penetrating through the stratum corneum into the epidermis, and thereby 
give a pain free injection of pharmaceuticals (3, p. 49).  
Microneedles have been made of different materials and structures. They can be divided 
according to how they function, e.g. solid, coated, hollow, dissolving and hydrogels (5). 
The coated microneedles have a microstructure prepared as a needle of silicone or metal 
and then coated with drug. These types of microneedles can only carry and deliver a 
limited amount of drug. The dissolving microneedle is biodegradable and often made of 
polymers considered a biocompatible material. The fabrication of needles from 
polymers, like maltose, often demands elevated temperatures during manufacturing. 
While other carbohydrates like sugar glass can be produced under low temperature-
vacuum conditions, but have problems to create a precise morphological fidelity to 
master structure (6). The architecture of the structure molded, will more or less differ 
from the template (the master structure), because of the material properties of the 
polymers.  Dissolving microneedles create micro pores in the skin during penetration 
and dissolve when in contact with the intestinal fluid in the skin. Dissolving microneedles 
can be made of CMC amylopectin. The hollow microneedles have a continuous drug 
delivery through hollow needles made of silicone or metal.  The problem with this is 
potential clogging of the needle tip during insertion. The hydrogel-formulated 
microneedles are integrated systems of cross-linked blank needles projecting from a 
support base material that contain the drug reservoir. When penetrating the skin the 
needle takes up the interstitial fluid from the tissue, and the drug diffuses from the 
reservoir through the swollen microneedle into the skin. Hydrogel microneedles are 
micro molded by a novel laser based method, where an aqueous blend of polymers is 
used as material. By modulation of the cross-linked density of the hydrogel, the drug 
delivery rate can be controlled. However, little is known about the consequences of the 
polymeric material toxicity or metabolic degradation rate of the potential residues in the 
skin.  The first solid microneedle was made of silicone, an expensive material that 
involves a multistep production process. Other materials used in solid microneedles are 
metals and polymers like polycarbonates (5).  Because the microneedle is invasive, it 
penetrates the outer layer of skin and degrades in the subcutaneous layer, it must not 
cause harm to the health or physically to the body.  
 
Microneedles prepared of calcium phosphate hemihydrate or calcium sulphate 
hemihydrate can be manufactured under conditions suitable for most drug substances, 
because the material is self-setting at 40oC (7). Calcium phosphate hemihydrate and 
calcium sulphate hemihydrate are classified as bioceramics and biocompatible materials. 
Biocompatibility can be referred to the ability of a biomaterial to perform its desired 
function with respect to a medical therapy, without eliciting any undesirable local or 
systemic effects in the recipient or beneficiary of that therapy, but generating the most 
appropriate beneficial cellular or tissue response in that specific situation, and 
optimizing the clinically relevant performance of that therapy” (8). Ceramic material can 
be described as an inorganic material, but it is used as a biomaterial (9). Calcium 
sulphate hemihydrate and calcium phosphate are considered as weak ceramics. A 
combination with metal will improve the strength and then it is often used as a material 
in the field of medical and dental implants (9).  
 
To accelerate the process of dissolution of the ceramic material and thereby the drug, the 
pore size and pore size distribution can be adjusted by adding excipients in the 
composition of calcium sulphate and water. The properties of mechanical strength are 
balanced with the properties of disintegration. The mechanical strength can also be 
adjusted by adding other excipients such as cellulose derivates or salt, and by adjusting 
the liquid/powder ratio in the composition. The ceramic material used as material in 
microneedles, can be molded into a pyramidal shape to enhance the mechanical strength 
of the architecture. The pyramidal shape has a good mechanical strength when to fulfill 
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the requirements of its height to reach through the stratum corneum, compared to a tall 
and slim shape that more easily can break (9). 
 
The drug loaded within a ceramic microneedle has advantages as the microneedle 
formulation can load more drug than when the drug is loaded as a coating. The ceramic 
microneedle can be composed and loaded with drug into a homogenous composition, 
but it requires a fast dissolution rate, and control of dosage. If the microneedle 
disintegrate within the time settled, the whole dose of substance would deposit into the 
skin, and a portion of the dose will diffuse into the systemic circulation and be 
bioavailable. The total dose will probably not reach the systemic circulation, but it would 
be more easy to predict the portion of drug that could reach the systemic circulation, with 
the knowledge of that the amount of drug on the microneedle patch has been 
administrated within the skin. 
 
 
Calcium sulphate hemihydrate 
Calcium sulphate hemihydrate, mixed with water until saturation will become calcium 
sulphate dihydrate, when dried it will go back to calcium sulphate hemihydrate. Material 
made of calcium sulphate hemihydrate has favorable properties such as controlled and 
adjustable porosity, electrostatic interaction between ceramic surface and transported 
drug, and can be produced at low cost (10). The pore size distribution has shown to 
decrease but also enhance the solubility, which in turn enhances the dissolution rate of 
the drug substance. A larger surface area will increase the area where weak forces can act 
between the molecules in the particle surface and molecules in the liquid surrounding 
the particle. This will increase the dissolution properties compared to a smaller surface 
area. The capillary forces will act in the pores and cause the water to move along the 
pores. Calcium sulphate hemihydrate in the composition will, in water, add water 
molecules and become calcium dihydrate. Calcium dihydrate has a lower solubility and 
has a different particle structure compared to calcium sulphate hemihydrate, which will 
give a higher mechanical strength. The reaction kinetics is sigmoidal in three steps; the 
calcium sulphate hemihydrate dissolves in water and gives a saturated solution of ions 
of calcium and sulphate, when the solution becomes super saturated. Clusters of calcium 
and sulphate ions lead to nucleation and crystal growth of calcium sulphate dihydrate. 
The crystals structure consists of layers where the layers are held together by ionic 
interactions (11).  
 
The hardness of the ceramic material, calcium sulphate hemihydrate     and ability to 
disintegrate can be adjusted by adding cellulose derivates. By adding cellulose derivate 
to the calcium sulphate hemihydrate, the composition will probably obtain different 
properties depending on the amount and kind of cellulose derivate added. The properties 
can also be adjusted by varying the liquid-powder ratio.  The calcium sulphate 
hemihydrate with water added, will self-set to calcium dihydrate, and will after drying go 
back to the state of calcium hemihydrate.  
 
 
The aim of the study was to investigate the effect of additives on drug release from 
ceramic microneedles. This was done by characterization of selected materials and by 
testing the dissolution rate of the model drug substance and the chosen reference drug 
substance from ceramic rods. Thereafter, suitable compositions were selected and 
applied to ceramic microneedles. 
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Materials and methods 

Materials 
 
 
Zolpidem 
Calcium sulphate hemihydrate (Ångströmslaboratoriet, Sweden) was used in particle 
sizes of 100-400 m for the rods and up to 100 m for the microneedles. The cellulose 
derivates used for screening of materials were alginic acid(FMC biopolymer, USA), 
starch(Umeå university, Sweden), hydroxy propyl methyl cellulose as HPMC Methocel 
K4M CR Premium(colorcon, ) and Methocel E50 Premium LV (Colorcon), cross-linked 
polyvinylpyrrolidone as Kollidon CL (BASF  chemical company, Germany), 
crosscarmellose sodium, cellulose (Umeå university, Sweden) sodium acetate phthalate 
(Eastman chemical company, USA), sodium carboxymethyl cellulose (Aldrich chemistry, 
USA) in molecular weight 90.000 and 250.000 g/mole (Aldrich chemistry, USA).  
 
Sodium salicylate 
Zolpidem is a hypnotics and sedative drug that acts as a agonist on the gamma 
aminobutyric (GABA-A) receptor (12), and inhibit the endogenous neurotransmitter 
inhibitor GABA and thereby reduce the activity of the neuron and lower the activity in 
the region of the brain The form of zolpidem that usually is available on the marked is 
the crystallized form with tartaric acid in the crystal form zolpidem hemitartrate (Form 
E), which contains a variable amount of water. zolpidem molecule and tartaric molecule 
are assumed to form a salt in the ratio 2:1 where zolpidem has one potential protonation 
site and the tartaric acid is a dicarboxylic acid (13), See figure 4. The product from 
protonation is proposed as to be dimethyl amine and zolpacid (14). 
Formation of complete hemitartrate form is hindered by a small difference in the pKa 
value for the second carboxylic acid group on the tartaric molecule and the conjugate 
acid on zolpidem, so only one of the zolpidem molecules will be protonated. During 
storage in room temperature for about 2 month, the hemitartrate form of zolpidem will 
degrade due to loss of water content (13). In this study zolpidem tartrate (Cambrex, USA) 
is used as the model substance. 
 

 
 Figure 1:  Zolpidem tartrate (15) 

 
Zolpidem can take two resonance forms, where the positive charge can be placed either 
on one of the nitrogen molecules in the imidazole ring. 
 
Zolpidem tartrate share many physicochemical properties with the majority of 
pharmaceutical drug substances (7). The physiochemical properties of zolpidem tartrate 
are listed in table 1. 
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Table 1:  Physical and chemical properties of Zolpidem tartrate 

Apperance1  Almost white hygroscopic crystalline powder 
CAS1  99294-93-6 
Chemical name1  Bis[N,N-dimethyl-2-[6-methyl-2-(4-

methylphenyl)imidazo[1,2-a]pyridin-3-yl]acetamide] 
(2R,3R)-2,3-dihydroxybutanedioate 

Chemical formula1  C42H48N6O8 
Molemass1  765 g/mol 
Solubility in water1  Sparingly1, 23mg/ml2 
Solubility in alcohol 1  Sparingly 
Solubility in methylene 
chloride1  

Insoluble 

1The properties are cited from the European Pharmacopoeia (15) 
2The properties are cited from Sigma Aldrich (16) 
 
Sodium salicylate 
A non-steroidal anti-inflammatory drug used as anti-inflammatory and analgesic agent. 
The molecule is a non-selective inhibitor of the cyclooxygenase enzymes and thereby 
inhibit the conversion of arachidonic acid into prostaglandins that are mediators in the 
inflammatory response of the body (17). The physiochemical properties of sodium 
salicylate are listed in table 2.  

 
Figure 2: Sodium salicylate (18) 

 

 

Table 2:  Physical and chemical properties of sodium salicylate  

Apperance1  White or almost white, crystalline powder or small, 
colorless crystals or shiny flakes. 

CAS1  [54-21-7] 
Chemical name1  Sodium 2-hydroxybenzenecarboxylate. 
Chemical formula1  C7 H5NaO3 

Molemass1  160.1 g/moll 
Solubility in water1  freely soluble, 1 to 10 mg dissolves in 1ml,2  
Solubility in alcohol 1  Sparingly soluble in ethanol 96 per cent 

1The properties are cited from the European Pharmacopoeia (18) 
2The properties are cited from Sigma Aldrich (19) 
 
Clonidine hydrochloride 
Clonidine hydrochloride is an analgesic, anesthetic, antihypertensive and cardiovascular 
agent. It binds to and activates adrenergic alpha 2 receptors, thereby decreasing the level 
of presynaptic calcium, this inhibit the release of norepinephrine that otherwise increase 
the sympathicus activity. The physiochemical properties of clonidine hydrochloride are 
listed in table 3. 
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Figure 3: Clonidine hydrochloride (21) 

 
Table 3:  Physical and chemical properties of clodine hydrochloride 

Apperance1  Appearance: white or almost white, crystalline 
powder. 

CAS1  [4205-91-8] 
Chemical name1  2, 6-Dichloro-N-(imidazolidin-2-ylidene) aniline 

hydrochloride. 
Chemical formula1  C9H1 0Cl3N3 

Molemass1  266.6 g/mol 
Solubility in water1  

Soluble1  ,50mg/ml 2 

Solubility in alcohol 1  Soluble in anhydrous ethanol 
1The properties are cited from the European Pharmacopoeia (21) 
2The properties are cited from Sigma Aldrich (22) 
 

Methods 
 
Preparation of material 
The molding process of ceramic microneedles is done by adding a solution with the drug 
to the powder that has self-setting properties, and mix it into a paste. The paste is placed 
in a mold, and after incubation, the paste turns hard during the setting of the material 
into a ceramic material (7).  When the ceramic material is applied in vivo, it will totally 
dissolve (23). To accelerate the disintegration process the cellulose derivate can be 
added. The cellulose derivate can either be added to the calcium sulphate powder before 
adding the liquid phase. This was not tested in this project. In this project, the cellulose 
derivate was added in the liquid phase, next the liquid phase was added to the calcium 
sulphate hemihydrate powder. The cellulose derivate was then allowed to swell, but it 
will shrink during incubation in the oven, as the water content vaporizes.  
 
The silicon rubber molds that were used were in two different versions, the one for rods 
are 12mm in length and 6 mm in diameter, while the molds for the pyramidal shaped 
microneedles give an array of pyramids with 200 m in height, 285 m in the base, and 
820m between the tips. The mold for the microneedles is made by embossing a silicon 
rubber on to a micro fabricated silicon wafer. The mold was filled with the ceramic paste 
with drug substance dissolved in the liquid phase. The paste was pressed down to remove 
air bubbles and the mold with the material was then be incubated in 40 oC to be dried 
overnight.  
 
Liquid phase 
The liquid phase of the paste was prepared in falcon tubes in high concentration of 
60mg/ml cellulose derivate with deionized water. CMC and Methocel were also prepared 
with ethanol. The cellulose derivate was weighed in the falcon tube and water was added 
with micropipette. The tube with the content was incubated in shaker in 37 0 c until 
content was homogenous. The 60mg/ml cellulose derivate was then diluted, by weighing 
the mass of the cellulose derivate in a new falcon tube and added 20 ml deionized water 
with a micropipette. The new tube was then incubated in shaker at 37 oc until 
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homogeneous content. In the tubes with 20 ml liquids of selected cellulose 
concentration, 0.143 g of zolpidem tartrate was added.  
 
Solid phase 
Calcium sulphate hemihydrate powder from bulk (CSH) was sieved using 100 m and 
400 m sieves, The CSH hemihydrate powder with particle size of 100 m was collected 
in a container. This particle size was used when molding microneedles. The calcium 
sulphate hemihydrate powder with particle size from 100 m to 400 m was collected in 
containers, and this particle size was used in molding rods. The powders were stored at 
40oc before production of rods and microneedles. 
 
Paste 
Calcium hemihydrate 100-400 m was weighed in a plastic cup. The liquid phase with 
cellulose derivate was added with plastic dropper until desired weight of 0.6 g to give the 
liquid-powder ratio (L: P) of 0.3 ml/g. A spatula was used to mix the paste together until 
it was smooth. The mixing time was between 15 and 30 minutes. The time delay before 
the molds were filled also varied depending of the number of molds to fill. The paste was 
put in the silicon mold by the spatula and the spatula was used to press the paste into the 
mold against a support to remove air bubbles. The force used when pressing the paste 
into the mold varied according to properties of the paste and occasional conditions like 
change of spatula. The samples prepared are referred to as names in the text, the content 
and composition can be read out of the name i.e. CMC3.0Zolp7.16CSH0.3 contains 
sodium carboxy methyl cellulose (CMC) in concentration of 3.0mg/ml with zolpidem 
tartrate 7.16mg/ml as the liquid phase added to calcium sulphate hemihydrate  (CSH) 
powder in liquid powder ration of 0.3 ml/g. 

Characterization of material 
The characterization of ceramic materials was done by using standard methods for 
testing ceramic material, and standard methods for testing pharmaceutical formulations. 
X-ray diffraction crystallography (XRD) with D5000 diffractometer (Siemens/Bruker, 
Germany) was used to distinguish the presence of hemihydrate and dihydrate by 
investigating the crystal structure. The residues of the samples collected from the 
compression test were prepared as powder samples for the XRD by using a mortar. A 
universal test machine (Shimadzu Autograph AG- X , Japan) was used to measure the 
compressive strength. This gives an indication of the maximum compressive stress that 
the composition can resist before breakage. The dissolution of drug substances from 
ceramic rods was tested by using the USP paddle II method (SOTAX, AG, Switzerland) 
for 3 hours (n=3). Samples were withdrawn after a specified schedule for sampling. The 
buffer used was phosphate buffer with pH 6.8 and the temperature 37 o c. The schedule 
for sampling was after 3 minutes, at 6 minutes, at 9 minutes, at 15 minutes, at 30 
minutes, at 45 minutes, at 60 minutes, at 90 minutes, at 120minutes and at 180 minutes. 
20m cannula filters were used on the probes in the vessel, and 1.5m filters where used 
on the syringe to filter the samples into the Eppendorf tubes. The samples were analyzed 
by using UV- spectrophotometry (Shimadzu 1800, Japan). The disintegration test of 6 
compositions from the same batch were tested by using the apparatus for disintegration 
with baskets described in the European Pharmacopeia. The vessel was filled with 
deionized water and the temperature was set to 37o c, if all 6 samples disintegrated to 
100% within 10 minutes, they were considered to disintegrate. The microneedles were 
photographed by using scanning electron microscope (SEM) (TM-1000 Hitachi, Japan) 
to determine the size of the pyramidal shaped top of the needle and to see if the needles 
were broken, or in good condition. Before characterization of material, a screening of 
compositions prepared with different cellulose derivates in different concentrations and 
with different liquid-powder ratios was performed. To some of the compositions drug 
substance were added.   
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Criteria for choosing the compositions through screening and compression 
test of mechanical strength 
Different compositions with cellulose derivates were screened, to find compositions of 
interest for further testing, see appendix A. To find a composition that had good 
properties for immediate release, it was reasoned that the 100% disintegrated sample, 
where the residues had as large surface as possible would give the best drug release 
profile. Therefore, the criteria for further testing was the property of disintegration tested 
in a 400 ml beaker with deionized tap water, and a sense of hardness when pinched with 
a plastic tweezers. The microneedles have to have sufficient hardness to be able to 
penetrate the skin. The compression test for testing mechanical strength gave data of 
strength and together with information of disintegration, the strength relation to 
properties of disintegration could be revealed. Results from the compression test of all 
the samples are shown in figure 4. The results from compression tests of samples tested 
in dissolution test are presented in table 5, 6 and 7. The mechanical strength of 1 MPa 
was decided to be the threshold of minimum mechanical strength, after consideration of 
the results from a study of mechanical strength of skin (24), where the strength varied 
from 1 MPa to 0.1 Mpa. 
 
The validity and reliability of the methods used in this study, was statistically analyzed 
by using one-way ANOVA in SPSS and T-test in Excel. Standard deviation describes the 
internal variation within test groups. The data from experimental testing of compression 
strength and dissolution where analyzed using ANOVA, where the value of probability 
indicate the statistical significance of the method. The results from the experiments of 
compression and dissolution tests will also be performed with T-test, to analyze if there 
are significant differences in properties of strength in the material between 
compositions, and significant differences in the properties of drug release between 
compositions tested for drug release.  
 

Results 
Results from the compression test 
Data in the figure 4 was statistically analyzed using ANOVA (one-way ANOVA, SPSS). 
P<0.005 from this the results of the compression test of maximum stress give significant 
results according to differences in mechanical strength. The T-test between some pairs 
of compositions showed close values of maximum compression stress without significant 
differences. Figure 4 show composition that have about the same value of maximum 
compression stress. The compositions without CMC show high strength, but also large 
value of standard deviation. There is not possible to get a more accurate result about the 
strength of the compositions, because the samples in the batch tested were too small in 
amount and the standard deviation too large for several of the batches in the test. This 
made it problematic to correct for false measurement that could have biased the mean 
value. 
One or two rods in the batch of 5 rods that was tested showed a value that is higher than 
the rest in the batch. This gives information about what strength that could be attained 
from the composition produced under the conditions in this study. The standard 
deviation is shown for each batch in the figure 4, and many of the batches have large 
standard deviation. .  
 
One can see trends from the test of compression of maximum stress that can be of 
interest. A comparison between batches with drug substance and batches without shows 
that compositions with CMC without drug have higher strength than those with CMC 
with drug added. The composition with CMC and salicylate showed higher strength than 
the one with CMC and zolpidem. The composition with zolpidem without CMC showed 
higher strength than composition with salicylate without CMC. The composition with 
methocel in ethanol with clonidine added also showed high strength. The differences in 
strength between compositions were not significant, though the disintegration 
properties differed. 
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Figure 4: Compression test 

*CMC3.5mg/ml.zolpidem7.16mg/mlCSH0.25ml/g is a new batch of this composition, 
see figure 4. The maximum stress for compositions are measured in MPa, and the 
standard deviation of strength measured for each composition are drawn as the vertical 
marked lines with endpoints and offspring from the center of label for composition on 
the graph (figure 4).  
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Results from disintegration test 
The disintegration test in the apparatus with six samples in baskets, is commonly used 
to test the quality of solid oral dosage forms, and can be used to control the uniformity 
of the samples produced when it comes to properties of disintegration, but it cannot be 
correlated to the disintegration behavior in vivo. The samples that were tested showed 
the same properties as when tested for properties of disintegration in the simple 
disintegration test in a beaker. The compositions with methocel and ethanol 
disintegrated without residues in the baskets, while the CMC3.5Zolp7.16CSH0.3 had 
residues, see table 4. This was possible to notice in this test, as the material had the 
opportunity to pass through the net in the baskets, in contrast to the beaker that had the 
bottom as a support that kept the material in place. 
 
Table 4: Disintegration (%) 

Name of batch   Disintegration (%) 
CMC3Zolp7.16CSH0.25 0 
CMC3.5Zolp7.16CSH0.25 5 
CMC3.5Zolp7.16CSH0.3* 100 
CMC2.75Zolp7.16CSH0.25 0 
Methocel3Et/W95/5Zolp15CSH0.25 100 
Methocel3Et/W95/5Zolp7.16CSH0.25 100 

*There were residues in the basket after 10 minutes. 
 
Results from dissolution test 
The statistical analysis of the data from dissolution test show p<0.005 using one-way 
ANOVA (SPSS). There were significant differences in the percentage of drug released 
between the compositions at each time measured. The dissolution test was run with an 
external thermometer, and a new batch of cannula filters for the last four compositions. 
The standard curve for the zolpidem tartrate showed a good correlation factor 
(R=0.99928) and for the standard curve of sodium salicylate(R=.0.99984). The peaks in 
the measurement of CMC2.75Zolp7.16CSH0.25 and of RefZolp7.16CSH0.28 at 9 min, 
and the peak of RefSal60CSH0.3 at 15 min could be explained by too low concentrations 
for the UV-Vis spectrometer to be able to measure correct, or particles in the sample 
caused by inaccurate filtration of the solution in the cuvette. The data in the figure 5 and 
figure 6 below has been corrected for this bias. The accumulated drug release curve is a 
sum, so the impact of previous single measurements of 2ml are considered on the last 
measurement of 500ml to be very small.  
 

 
Figure 5: Accumulated drug release in percent as a function of time 
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Figure 6: Accumulated drug release as a function of time for compositions 

For immediate release the release of drug content should be within a reasonable time, 
the standard for this formulation is not set. The amount of drug released is not set, but it 
seems that the disintegrated samples released more drug for compositions with low 
soluble drugs, and there was no differences when highly soluble drugs was used. The 
total amount of drug released is not 100%. The residues of the sample still keep an 
amount of drug not released.  
 
Table 5:  Composition with CMC with zolpidem tartrate 7.16mg/ml 

Cellulose  
derivate 
(mg/ml) 
 

L/P1  
(ml/g) 

Strength2 
(MPa) 

SD3 Disnt. 4 
(%) 

Drug  
Released5 

(%) 

SD6 

3.0  0.25  3.13 3.28 0 32,5 0.065 
3.5* 0.25 2.57  1 .96 5 51 ,5 0.046 
2.7 5 0.25 11 ,7 7  5,97  0 4,1  0.007  
3.0 0.28 1 .07  0.36 100 54,0 0.052 

* Two different batches. 1L/P is liquid to powder ratio. 2Strenght measured as 
maximum mechanical stress. 3standard deviation in strength. 4Property of 
disintegration. 5The average amount of drug released the composition. 6Standard 
deviation of drug released. 
 
The compositions shown in table became smooth and wet when it was pressed into the 
molds. All of these compositions were hard when pinched with tweezers. From figure 6 
and table 5, the compositions CMC3Zolp7.16CSH0.28 have higher amount of drug 
released than CMC3Zolp7.16CSH0.25. The amount of CMC calculated in 
CMC3Zolp7.16CSH0.25 is 0.447mg and the amount of CMC in 
CMC0.3Zolp7.16CSH0.28 is 0.441mg. The main differences between these compositions 
is the water content. In table 6 the increasing amount of CMC in the compositions: 
CMC2.75Zolp7.16CSH0.25, CMC3Zolp7.16CSH0.25 and CMC3.5 Zolp7.16CSH0.25, 
showed that the higher amount of CMC content resulted in a higher amount of drug 
released.  
  
 Table 6: Composition with sodium salicylate 60mg/ml 

Cellulose  
Derivate 
(mg/ml) 

L/P1   
(ml/g) 

strength2 
(MPa) 

SD3 Disnt4 
(%) 

Drug  
Released5 

(%) 

SD6 

3.0 0.3ml/g 
3,90 

1 .881 100 61.9 0.357  

 *the paste became smooth to work with. 1L/P is liquid to powder ratio. 
 2Strenght measured as maximum mechanical stress. 3standard deviation in strength 
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 4Property of disintegration.5The average amount of drug released the composition. 
 6Standard deviation of drug released. 
 
The paste in of the composition in table 6 became smooth and easy to mold. The rods 
with sodium salicylate have a larger amount of drug released when CMC is in the 
composition then without CMC. The composition without CMC is shown in table 7.  
 
Table 7: Compositions without cellulose derivate 

Substance 
Conc 
(mg/ml) 

L/P1  
(ml/g) 

strength2 
(MPa) 

SD3 Disnt4 
(%) 

Drug  
Released5 

(%) 

SD6 

Zolp.7 .19 0.28  30.64 4.372 
 

0 25.0 
 

0.056 

Sal.60 0.3 
22,45 

5.756 
 

0 49,2 0.47 8 

1L/P is liquid to powder ratio. 2Strenght measured as maximum mechanical stress. 
3standard deviation in strength 4Property of disintegration.5The average amount of 
drug released the composition. 6Standard deviation of drug released. 
 
For the compositions in table 7, the paste became wet and stiff when the paste was 
pressed with spatula; it also dried quite fast except for the sal.60 where the paste became 
smooth and easy to work with. All of these compositions were hard when pinched with 
tweezers. The composition CMC3Zolp7.16CSH0.28 in table 5 has a larger amount of drug 
released than the composition Ref3Zolp7.16CSH0.28 that is without CMC (table 7). 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results from the x-ray diffraction 
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Figure 7:  X-Ray Diffraction   

* CMC3.5mg/ml.zolpidem7.16mg/mlCSH0.25ml/g is a second batch, see figure 8. The 
intensity shown as peaks for the angle of hemihydrate and dihydrate, are labeled as HH 
and DH. The following angles are important signals for content of dihydrate and 
hemihydrate: 11.5oDH, 14.7oHH, 20.7oDH, 25oHH, 28.2oDH, 29.3oHH, 31.2oDH, 
31.5oHH, 33.0oHH (figure 8). 
 
Characterization of materials has been done by XRD, compression strength and 
disintegration. Only the relative not the absolute content of dihydrate or hemihydrate 
could be evaluated from the data of XRD, because the method had not been calibrated. 
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The data from XRD for respective composition was normalized by dividing the signal of 
the intensity for the signals with the value of signal for the largest peak. The composition 
could then be compared according to the presence of peaks and proportions between 
peaks. Figure 8 show the signals of 21 different compositions and 1 pair of the same 
composition but from 2 different batches. The reference samples RefCSH0.3, 
RefCSH0.28, RefSal60CSH0.3 and RefZolp7.16CSH0.28 showed similar signal pattern 
with relatively large signals for the dihydrate at angle 11.5, 20.7, 28.2 and 31.2 degrees. 
The CMC3.5Zolp7.16CSH0.27 also showed a similar pattern but with larger signals for 
hemihydrate at 25 and 31.5 degrees. CMC2.75Zolp7.16CSH0.25 show smaller peaks for 
the dihydrate at 11.5, 20.7, 28.2 and 31.2 degrees, and larger signals for the 25 and 31.5 
peaks for hemihydrate than the references. The samples without drug that is 
CMC3CSH0.25 showed a bit larger signals for the dihydrate and a bit smaller signal for 
the hemihydrate than CMC2.7Zolp7.16CSH0.25 for the same peak angles. The dehydrate 
signals for CMC3.5CSH0, 25 were a bit smaller for the same peaks. The last compositions 
with signals for dihydrate and with the smallest peaks for this was 
CMC3.0Zolp7.16CSH0.25. However, this composition had equal peaks for hemihydrate 
at 25 and 31.5 as CMC3.5CSH0.25. The sample CMC3.5Zolp7.16CSH0.25 from two 
different batches showed the same patterns regarding signals; they have a very small 
signal for dihydrate at 20.7, while the other peaks are strong signals for hemihydrate at 
14.7, 25 and 29.7 degrees. The rest of the compositions of the figure 11 did not show any 
significant signal for the dihydrate crystallinity. 
 
Analysis of microstructure 
 
The microstructure of the prepared microneedles was analyzed in scanning electronic 
microscope.   

 
 
Figure 8: Microneedles,  

SEM-picture (x400 200 um) sample CMC3.0Zolp7.16 CSH0.28 

The area on the top of the pyramid shaped needle was about 40 m, because the top has 
broken, see figure 9.  
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Figure 9: Microneedles, SEM-picture (x180 500 um) Sample RefZolp7.16CSH0.28 

The pyramid shaped needle in figure 10 of RefZolp7.16CSH0.28 did not stuck in the 
mold, and the tip was about 25 um. 
 

 
Figure 10: Microneedles, SEM-picture (x2.5k 30 um) sample CMC3.0Sal60CSH0.3    
 
The hemihydrate can be seen as butt rods while the dihydrate is slim like needles or 
threads. It is difficult to discriminate between CMC and dihydrate, since CMC also have 
a threadlike microstructure, see figure 11. 
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Figure 11: Microneedles, SEM-picture (x500 200 um) CMC3Sal60CSH0.3 

In figure 12, CMC3Sal60CSH0.3, the needle tip is about 40 um, while RefSal60CSH0.3 
in figure 13 was sharper with a peak dimension of 10-20 um. 
 

 
 
Figure 12: Microneedles, SEM-picture (x400 200 um) sample RefSal60CSH0.3 
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Discussion 

The dissolution was tested with the Sotax USP paddle II apparatus on the following 
chosen compositions that had disintegrated CMC3Zolp7.16CSH0.28 and 
CMC3Sal60mg/mlCSH0.3, and the compositions that had not disintegrated 
Ref3Zolpi7.16CSH0.28 and RefSal60CSH0.3. The dissolution for the following 
compositions were also tested: CMC 2.75Zolp7.16CSH0.25, CMC 3Zolp7.16CMC0.25, 
and CMC 3.5Zolp7.16CSH. These compositions had shown properties of disintegration 
in the screening test in a beaker with deionized water when no drug substance was added. 
However, they showed no disintegration when the drug substance was added, neither in 
the phosphate buffer of pH 6.8 nor in beaker with deionized water in a new test in a 
beaker. For information of this, see composition without drug in appendix A. From this, 
it was supposed that the adding of zolpidem tartrate could have an impact on the 
disintegration and strength properties to increase the strength and reduce the ability to 
disintegrate. However the amount of drug released in percent is larger for the 
composition CMC3.5Zolp7.16CSH0.25, that do not disintegrate (table 5), than the 
composition CMC3Zolp7.16CSH0.28 that disintegrated in deionized water and 
phosphate buffer pH 6.8 (table 5).  
 
The amount of CMC in CMC3.5Zolp7.16CSH0.25 is higher than in 
CMC3Zolp7.16CSH0.28 and  CMC3Zolp7.16CSH0.25, so an increase in the amount of 
CMC seems to increase the amount of zolpidem released from the rod in percent 
independent if the rod disintegrated or not. The properties of disintegration is dependent 
on the liquid powder ratio that is consistent with literature*. The sample with equal 
liquid powder ratio as CMC3Zolp7.16CSH0.28 but lack of CMC (table 7) did not 
disintegrate in the beaker with deionized water. The percentage of drug release of this 
sample was 25.0% that was less than the same composition with CMC (table 5). The 
amount of CMC and the liquid powder ratio influence properties of disintegration. The 
samples with sodium salicylate that is CMC3Sal60CSH0.3 (table 6) showed a larger 
amount of drug released and it also disintegrated, while the Ref3Sal60CSH0.3 (table 7) 
did not disintegrate and showed less drug released. However, the amount of drug 
released from Ref3Sal60CSH0.3 was higher than the composition with zolpidem 
CMC3Zolp7.16CSH0.28 that had disintegrated. 
 From this, a larger liquid powder ratio and/or the nature of drug will increase the 
amount of drug released. The sodium salicylate is a salt of a strong base and a weak acid, 
while the zolpidem tartrate is a salt from a weak base and a weak acid. In literature there 
has been explained that the salt of strong bases and weak acids acts as retarders to delay 
the precipitation of dihydrate from the saturate solution when the calcium-sulphate-
hemihydrate powder is added deionized water (11). 
The less development of dihydrate have been observed to decrease the strength of the 
material (25) As also shown in figure 8 the CMC3Sal60CSH0.3 lack the peak for the 
important signal of dihydrat at angle 11.5 degrees but has a large peak for the important 
hemihydrate signal at 14.7 degrees The Ref3Sal60CSH0.3 that lacks the CMC has a signal 
for the dihydrate at 11.5 degrees, and a less strong signal for the hemihydrate at 14.5, 
from this it seems that the presence of CMC also influence the development of dihydrate 
and seems to retard the development of dihydrate. The adding of CMC in a larger amount 
of 0.05% inhibits the hydration process and it has been interpreted as that CMC has a 
retarding effect on the hydration process (26).   
From the information of the XRD seen together with the information of compression 
strength, show that the lack of cellulose derivate in the composition give samples that 
show significant signals for the dihydrate, se figure 8, and show large strength in 
compression test, see figure 2. The compositions with CMC show much less strength and 
none or also almost no signals for dihydrate. These show that the presence of CMC have 
a larger impact on the setting process of the material than a change in the liquid powder 
ratio and the content of drug.  It also seems that the composition with the lowest strength, 
Methocel3Et/W95/5Clon50CSH0.3 also is included in one of the compositions with 
methocel and ethanol that lack the peak for dihydrate, see figure 8.  The influence of 
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ethanol on the setting process have been explained as to retard the setting time and give 
crystals that are more fine and uniform Chrystal structure (27). In this study, the 
presence of ethanol could have prevented the setting of the paste to form dihydrate or 
the development of dihydrate crystals could have been prevented by the presence of 
methocel. It is impossible to attribute this to just one of the sources. An exothermic 
reaction were the paste of calcium sulphate hemihydrate become the set cement with a 
mixture of calcium hemihydrate crystals and calciumsulphate dihydrate crystals. The 
supersaturated paste precipitate dihydrate crystals. The dihydrate crystals are 
interlocking relatively long rod-like crystals in shape, while the hemihydrate crystals are 
relatively short thick logs in shape as also shown in the microstructure analysis of 
microneedles with composition Ref3Zolp7.16CSH0.28(figure 11). The interlocking of 
dihydrate crystals causes the strength in the set cement. The dominance of dihydrate is 
related to strength and the lack of dihydrate can be an explanation for the lack of strength 
(28, 306) and the materials increase in ability to disintegrate. The process of cement 
setting from calcium sulphate hemihydrate to calcium sulphate dihydrate is shown in the 
following equation (29). 
 

CaSO4 .
1/2H2 O + 11/2H2 O + CaSO4 .2H2 O + 17 kJ=mol  

Different cellulose derivates have different properties when it comes to molecular size 
and properties of ionic strength. In this study, CMC an anionic polymer and Methocel a 
nonionic polymer have been tested for the XRD and Compression strength. CMC have 
been explained to retard the setting time by interaction of the ionic surfaces between the 
crystals, This polymer are considered to be compatible with the calcium sulphate 
molecule, with an increased risk of formation of calcium salts. Which reduce the 
availability of calcium ions in the crystallization (26). 
Methocel E premium is a nonionic hydrophilic polymer (30). There have been tested that 
the nonionic hydrophilic polymers increase mechanical strength and decrease the 
properties of water absorption into the material (31), the reduction of water into the 
material can explain the lack of signals for dihydrate ( figure 8). However this contradicts 
the results from the screening test where Methocel in deionized water did not 
disintegrate, and felt hard when pinched with tweezers, see appendix A. The strength of 
the composition with methocel and deionized water could be caused by the hydrophilic 
properties of methocel. 
 

From the information of the XRD seen together with the information of compression 
strength, show that the lack of cellulose derivate in the composition give samples that 
show significant signals for the dihydrate (figure 8), and show large strength in 
compression test (figure 4). The compositions with CMC show much less strength and 
none or also almost no signals for dihydrate. This shows that the presence of CMC have 
a larger impact on the setting process of the material than a change in the liquid powder 
ratio and the content of drug.  It also seems that with the lowest strength, 
Methocel3Et/W95/5Clon50CSH0.3 also is included in one of the compositions with 
methocel and ethanol that lack the peak for dihydrate (figure 8).  The influence of ethanol 
on the setting process have been explained to give a fast precipitation of calcium sulphate 
dihydrate with a uniform morphology (27). The weakness of this study is the lack of 
repetitions of the tests for characterization of material, and testing of new batches, to 
uncover the factors that during preparation of material for the samples could have a 
significant impact on the properties of the material. The lack of repetitions of the tests, 
and preparation of new batches was caused by the time limits of this study. 
 
Future prospective 
It would be interesting to test the dissolution of the microneedles prepared both in a 
dissolution test for microneedles and in pig skin model. Also the usage of combination of 
excipients in the compositions to modify the setting process of the paste. Production of 
new batches of microneedles for further investigation on shape and condition of 
prepared needles. 
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Conclusion 

The dissolution rate of drug substance is linked to the content of sodium carboxy methyl 
cellulose. When the sodium carboxy methyl cellulose is present, the rods that 
disintegrate have a higher dissolution rate than rods that do not disintegrate.  The liquid 
powder ratio is critical for the properties of disintegration, when the sodium carboxy 
methyl cellulose is present. When the sodium carboxy methyl cellulose is present, the 
amount of it seems to have a relatively large impact on the drug release rate. The nature 
of the drug substance have an impact on the dissolution rate. To improve the dissolution 
rate, one drug substance gain more from the addition of sodium carboxy methyl cellulose 
then other drug substances  
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Appendices 

Appendix A: Screened compositions without drug 
Table: Screened compositions without drug 

Cellulose 
derivate 

Solven
t 

Concentratio
n 

Liquid/ 
Powder 

Hardness  Disintegratio
n 
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   (pinched
) 

Sodium CMC 
90.000 

Ethano
l 

0.6mg/ml 0.2ml/g  100% 

Sodium CMC 
90.000 

Ethano
l 

6.0mg/ml 0.2ml/g  100% 

HPMC  Water 20mg/ml 0.2ml/g Hard      0% 
Starch  Water 20mg/ml 0.2ml/g Hard      0% 
Alginic Acid  Water 10mg/ml 0.3ml/g Hard      0% 
Alginic Acid  Water 5.0mg/ml 0.2ml/g Hard      0% 
Alginic Acid  Water 5.0mg/ml 0.25ml/

g 
Hard      0% 

Alginic Acid  Water 5.0mg/ml 0.3ml/g Hard      0% 
Alginic Acid  Water 5.0mg/ml 0.5ml/g Hard      0% 
Alginic Acid  Water 5.0mg/ml 0.9ml/g Hard      0% 
Alginic Acid  Water 0.5mg/ml 0.2ml/g Hard      0% 
Alginic Acid  Water 0.5mg/ml 0.25ml/

g 
Hard      0% 

Alginic Acid  Water 0.5mg/ml 0.3ml/g Hard      0% 
Alginic Acid  Water 0.5mg/ml 0.5ml/g Hard      0% 
Alginic Acid  Water 0.5mg/ml 0.9ml/g Hard      0% 
Kollidon Cl 18 Water 20mg/ml 0.2ml/g Hard      0% 
Croscarmellose 
sodium  

Water 20mg/ml 0.2ml/g Hard      0% 

Sodium CMC 
90.000 

30/70 0.67mg/ml 0.2ml/g  100% 

Sodium CMC  
90.000 

50/50 0,6mg/ml 0.2ml/g  100% 

Cellulose 
acetate phtalate  

Water 20mg/ml 0.2ml/g Hard      0% 

Cellulose 
acetate phtalate  

Water 10mg/ml 0.2ml/g Hard      0% 

HPMC +50mg  
powder HPMC 
100 μm mixed 
into the paste 

Water 20mg/ml 0.2ml/g    75% 
     0% 

HPMC +25mg  
powder HPMC 
100 μm mixed 
into the paste 

Water 20mg/ml 0.2ml/g    75% 

Croscarmellose 
sodium (CCS) 
+25mg powder 
CCS 100 μm 
mixed into the 
paste 

Water 20mg/ml 0.2ml/g Hard 100% 

Croscarmellose 
sodium (CCS) + 
50mg powder 
CCS 100 μm 
mixed into the 
paste 

Water 20mg/ml 0.2ml/g Capping 
less 
strength 
than CCS 
with 
25mg 

100% 

Croscarmellose 
sodium (CCS) 
+15mg powder 
CCS 100 μm 

Water 20mg/ml 0.2ml/g Hard 
between 
fingers 

   50% 
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mixed into the 
paste 

Broke 
with 
tweezers 

Croscarmellose 
sodium (CCS) 
+20mg powder 
CCS 100 μm 
mixed into the 
paste 
 

Water 20mg/ml 0.2ml/g Hard 
between 
fingers 
Broke 
with 
tweezers 

   50% 

Croscarmellose 
sodium (CCS) 
+200mg 
powder CCS 
100 μm mixed 
into the paste 
 

Water 20mg/ml 0.2ml/g Soft 
brittle 
some 
strength 

   100% 

Cellulose 
acetate phtalate  

Water 20mg/ml 0.2ml/g Felt hard          0% 

Methocel Water 20mg/ml 
 

0.2ml/g Felt hard          0% 

Methocel  30/70 20mg/ml 0.2ml/g Felt hard         0% 
Methocel  50/50 20mg/ml 0.2ml/g Felt hard          0% 
Cellulose 
acetate phtalate 

Water 20mg/ml 0.3ml/g Felt hard          0% 

Cellulose 
acetate phtalate  

Water 10mg/ml 0.2ml/g Felt hard           0% 

HPMC 50/50 20mg/ml 0.2ml/g No pores, 
feels hard 

        0% 

Sodium CMC 
90.000  

Water 4.0 mg/ml 0.2ml/g          0% 

Sodium CMC 
90.000  

Water 4.0 mg/ml 0.25ml/
g 

     100% at 30 
seconds 

Sodium CMC  
250.000  

Water 4.0 mg/ml 0.2ml/g         0% 

Sodium CMC 
90.000 
 

Water 2.5mg/ml 0.2ml/g         1% 

Sodium CMC 
90.000 

Water 2.5mg/ml 0.25ml/
g 

Hard, but 
broke 

      2% 

Sodium CMC 
90.000 

Water 2.5mg/ml 0.3ml/g A bit soft, 
broke 

100% 

Sodium CMC 
90.000 

Water 3.0mg/ml 0.2ml/g Hard, but 
broke 

0% 

Sodium CMC 
90.000 

Water 3.0mg/ml 0.25ml/
g 

Soft, 
broke 

100% 

Sodium CMC 
90.000 

Water 3.0mg/ml 0.3ml/g Soft, 
broke 

100% 

Sodium CMC 
90.000 

Water 3.5mg/ml 0,2ml/g Hard 50% 

Sodium CMC 
90.000 

Water 3.5mg/ml 0,25ml/
g 

Hard, but 
broke 

100% 

Sodium CMC 
90.000 
 

Water 3.5mg/ml 0.3ml/g Hard, but 
broke 

100% 

Croscarmellose 
sodium (CCS) 

10/90 20mg/ml  0.2ml/g Hard, no 
pores 

     0% 
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Crosscarmellos
e sodium (CCS) 

50/50 20mg/ml 0.2ml/g Hard     80% 

Croscarmellose 
sodium (CCS) 

30/70 21mg/ml 0.2ml/g Hard, but 
broke 

 100% 

Croscarmellose 
sodium (CCS) 

67/33 23mg/ml 0.2ml/g Soft 100% 

          
Methocel  
Methocel 
Methocel 
Starch 
Starch 

Water 
50/50 
95/5 
Water 
Water 

6mg/ml 
3mg/ml 
3mg/ml 
6mg/ml 
3mg/ml 

0.25ml/
g 
0.25ml/
g 
0.25ml/
g 
0.25ml/
g 
0.25ml/
g 

Hard 
Hard 
Hard 
Hard 
Hard 

     0% 
100% 
100% 
     0% 
     0%    

Croscarmellose 
sodium(CCS) 

Water 3.0mg/ml 0.3ml/g Hard 
 

     0% 

Croscarmellose 
sodium(CCS) 

Water 3.0mg/ml 0.37ml/g Hard 
 

     0% 
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Appendix B: Control of measured UV-spectrometry values  
 
 

   
 

 
 

  

   
 

  

 

Time (min)           R4 3M           R5 3M            R6 3M  

3 0,071 0,069  0,084  

6 0,104 0,082  0,085  

9 0,102 0,101  0,114  

15 0,126 0,12  0,132  

30 0,157 0,197  0,15  

45 0,18 0,172  0,171  

60 0,2 0,189  0,314  

90 0,246 0,224  0,202  

120 0,253 0,257  0,223  

180 0,288 0,291  0,252  
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Time (min)          R4 3M          R5 3M          R6 3M Time (min) Average: 

 

 
 

 

3 0,071 0,069 0,084 3 0,07466667   

6 0,104 0,082 0,085 6 0,09033333   

9 0,102 0,101 0,114 9 0,126   

15 0,126 0,12 0,132 15 0,126   

30 0,157 0,197 0,15 30 0,168   

45 0,18 0,172 0,171 45 0,17433333   

60 0,2 0,189 0,2 60 0,19633333   

90 0,246 0,224 0,202 90 0,224   

120 0,253 0,257 0,223 120 0,24433333   

180 0,288 0,291 0,252 180 0,277   
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Time (min)         R1 3M         R2 3M           R3 3M     

3 0,025 0,024 0,025     

6 0,069 0,069 0,037     

9 0,055 0,039 0,509     

15 0,04 0,046 0,038     

30 0,074 0,052 0,045     

45 0,034 0,049 0,078     

60 0,053 0,053 0,056     

90 0,06 0,052 0,062     

120 0,052 0,057 0,06     

180 0,064 0,061 0,053     
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time 

(min)           R4 3M          R5 3M         R6 3M time (min) average:   

3 0,025 0,024 0,025 3 0,02466667   

6 0,069 0,069 0,037 6 0,05833333   

9 0,055 0,039 0,05 9 0,048   

15 0,04 0,046 0,038 15 0,04133333   

30 0,074 0,052 0,045 30 0,057   

45 0,034 0,049 0,078 45 0,05366667   

60 0,053 0,053 0,056 60 0,054   

90 0,06 0,052 0,062 90 0,058   

120 0,052 0,057 0,06 120 0,05633333   

180 0,064 0,061 0,053 180 0,05933333   
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time (min)          R1 3M          R2 3M          R3 3M 

 

3 0,249 0,193 0,217 

6 0,255 0,235 0,241 

9 0,281 0,232 0,248 

15 0,277 0,224 0,252 

30 0,285 0,284 0,265 

45 0,294 0,274 0,274 

60 0,308 0,28 0,272 

90 0,307 0,252 0,334 

120 0,318 0,318 0,28 

180 0,304 0,29 0,274 
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Time (min)         R4 3M         R5 3M         R6 3M time (min) 

 

Average: 
 

  

3min 0,249 0,193 0,217 3 0,21966667   

6min 0,255 0,235 0,241 6 0,24366667   

9min 0,281 0,232 0,248 9 0,25366667   

15min 0,277 0,224 0,252 15 0,251   

30min 0,285 0,284 0,265 30 0,278   

45min 0,294 0,274 0,274 45 0,28066667   

60min 0,308 0,28 0,272 60 0,28666667   

90min 0,307 0,252 0,334 90 0,29766667   

120min 0,318 0,318 0,28 120 0,30533333   

180min 0,304 0,29 0,274 180 0,28933333   
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time (min)           R4 3M           R5 3M         R6 3M 

 

3 0,035 0,035 0,031 

6 0,034 0,034 0,032 

9 0,03 0,034 0,038 

15 0,035 0,038 0,145 

30 0,05 0,034 0,03 

45 0,044 0,037 0,031 

60 0,033 0,04 0,035 

90 0,036 0,051 0,034 

120 0,059 0,039 0,039 

180 0,036 0,046 0,04 
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time (min) R4 3M R5 3M R6 3M time (min) Average: 

 

 
 

 

3min 0,035 0,035 0,031 3 0,03366667   

6min 0,034 0,034 0,032 6 0,03333333   

9min 0,03 0,034 0,038 9 0,034   

15min 0,035 0,038 0,039 15 0,03733333   

30min 0,05 0,034 0,03 30 0,038   

45min 0,044 0,037 0,031 45 0,03733333   

60min 0,033 0,04 0,035 60 0,036   

90min 0,036 0,051 0,034 90 0,04033333   

120min 0,059 0,039 0,039 120 0,04566667   

180min 0,036 0,046 0,04 180 0,04066667   
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Time (min)          R1 3M          R2 3M          R3 3M 

 

3 0,018 0,021 0,021 

6 0,018 0,02 0,02 

9 0,021 0,023 0,024 

15 0,138 0,041 0,022 

30 0,023 0,02 0,022 

45 0,021 0,021 0,022 

60 0,022 0,023 0,022 

90 0,021 0,023 0,023 

120 0,023 0,022 0,024 

180 0,18 0,021 0,022 
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Time (min)          R1 3M          R2 3M         R3 3M time (min) 

 

Average: 
 

  

3min 0,018 0,021 0,021 3 0,02   

6min 0,018 0,02 0,02 6 0,01933333   

9min 0,021 0,023 0,024 9 0,02266667   

15min 0,03 0,031 0,022 15 0,02766667   

30min 0,023 0,02 0,022 30 0,02166667   

45min 0,021 0,021 0,022 45 0,02133333   

60min 0,022 0,023 0,022 60 0,02233333   

90min 0,021 0,023 0,023 90 0,02233333   

120min 0,023 0,022 0,024 120 0,023   

180min 0,02 0,021 0,022 180 0,021   
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Time (min) R1 3M R2 3M R3 3M     

3 0,045 0,051 0,049     

6 0,058 0,061 0,056     

9 0,056 0,057 0,057     

15 0,06 0,057 0,06     

30 0,068 0,059 0,063     

45 0,072 0,063 0,063     

60 0,073 0,06 0,062     

90 0,072 0,06 0,071     

120 0,104 0,064 0,067     

180 0,075 0,071 0,067     
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Time (min)          R1 3M         R2 3M         R3 3M time (min) 

 

Average: 
 

  

3min 0,045 0,051 0,049 3 0,04833333   

6min 0,058 0,061 0,056 6 0,05833333   

9min 0,056 0,057 0,057 9 0,05666667   

15min 0,06 0,057 0,06 15 0,059   

30min 0,068 0,059 0,063 30 0,06333333   

45min 0,072 0,063 0,063 45 0,066   

60min 0,073 0,06 0,062 60 0,065   

90min 0,072 0,06 0,071 90 0,06766667   

120min 0,065 0,064 0,067 120 0,06533333   

180min 0,075 0,071 0,067 180 0,071   

        
 

       

        

        

 
 
 
  

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 50 100 150 200

re
le

as
e

d
 (

m
g)

time (min)

Dissolution
CMC3.5Zolp7.16CSH0.25



35 
 

    

 

 
 

   

Time (min)           R1 3M          R2 3M          R3 3M     

3 0,045 0,051 0,049     

6 0,058 0,061 0,056     

9 0,056 0,057 0,057     

15 0,06 0,057 0,06     

30 0,068 0,059 0,063     

45 0,072 0,063 0,063     

60 0,073 0,06 0,062     

90 0,072 0,06 0,071     

120 0,104 0,064 0,067     

180 0,075 0,071 0,067     
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Time (min)         R1 3M          R2 3M          R3 3M     

3 0,035 0,023 0,024     

6 0,021 0,036 0,038     

9 0,025 0,041 0,026     

15 0,031 0,044 0,031     

30 0,038 0,052 0,038     

45 0,039 0,051 0,04     

60 0,041 0,052 0,042     

90 0,043 0,057 0,047     

120 0,054 0,041 0,07     

180 0,053 0,044 0,042     
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Time (min)          R1 3M          R2 3M          R3 3M     

3 0,079 0,051 0,055 

 

6 0,047 0,086 0,088 

9 0,06 0,105 0,063 

15 0,078 0,118 0,078 

30 0,105 0,144 0,104 

45 0,112 0,145 0,114 

60 0,118 0,151 0,117 

90 0,126 0,159 0,138 

120 0,159 0,121 0,156 

180 0,154 0,127 0,124 
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Appendix C: Screened compositions with drug  
 

Cellulose 
derivate 

 

Solvent 
 

Cellulose- 
derivate 

Concentration 
 

Drug 
concentration 

Liquid / 
Powder 

Disintegration 

Methocel 75/25 3.0mg/ml 15mg/ml 
zolpidem 
tartrate 

0.3ml/g 100% 

Methocel  75/25 3.5mg/ml 15mg/ml 
zolpidem 
tartrate 

0.25ml/g 100% 

Sodium 
CMC 
90.000 

 3.5mg/ml 7.16mg/ml 
zolpidem 
tartrate 

0.25ml/g residues 
 

Sodium 
CMC 
90.000 

 0.3mg/ml 50mg/ml 
Clonidine 
Hydrochloride 

0.3ml/g 100% 

CMC 
90.000 

 3.5mg/ml 7.16mg/ml 
zolpidem 
tartrate 

0.3 ml/g 100% 

CMC  3.0mg/ml 7.16mg/ml 
zolpidem 
tartrate 

0.3ml/g 100% at once 

CMC  3.0mg/ml 15mg/ml 
zolpidem 
tartrate 
prepared as a 
suspension  

0.3ml/g 100% at once 

Methocel 50/50 3.0mg/ml 15 mg/ml 
zolpidem 
Tartrate 

0.3ml/g 100% within 
30 sec 

Reference water  7-16mg/ml 
zolpidem 
Tartrate 

0.3ml/g 0% 

CMC water  7.16mg/ml 
zolpidem 
tartrate  

0.28ml/g 100% within 
20 seconds 

Reference water  7.16mg/ml 
zolpidem 
tartrate 

0.28ml/g Not within 20 
minutes 

CMC water  60.mg/ml 
sodium 
salicylate 
60mg/ml 

0.3ml/g 100% within 
20 seconds 

Reference   60mg/ml 
sodium 
salicylate 
60mg/ml 

0.3ml/g Not within 20 
minutes 
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