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Abstract 
Introduction: The administration of hypodermic needles can be associated with issues 
like physical and psychological pain.  A novel method to administrate compounds such as 
vaccines and other drugs is therefore warranted. Microneedles (MNs) that consist of 
multiple needles in the microscopic region causes little to no pain and have successfully 
delivered drugs both locally and systemically. The MNs are often divided into subgroups 
like biodegradable MNs that can either be coated for immediate release or have the drug 
substance incorporated in the material resulting in an extended release. The 
biodegradable MNs in this study were made from calcium sulfate, commonly known as 
gypsum, which have been used previously in for example craniofacial surgeries.  

Objective: The purpose of the study was to find coating formulations that displayed 
good coating uniformity without compromising the needle sharpness.  The formulation 
should be evenly distributed on top of the MN array without diffusing into the material. It 
should also be miscible with sodium salicylate and present an immediate release 
according to release studies. 

Method: MN arrays were constructed of calcium sulfate with two different sieve 
fractions (≤125 µm and ≤63µm) to determine the potential difference. After determining 
the optimal sieve fraction the MNs were coated with different combinations of PEG 3350, 
sodium alginate, Kollicoat® IR and distilled water which acted as a reference. Evaluation 
of the formulations concerned coating uniformity and the extent of diffusion through the 
material. Release studies were then performed on MN arrays coated with sodium 
salicylate combined with the above-mentioned excipients. A novel release method was 
used over a 24 h period where samples were taken at specified time intervals. The results 
were statistically analyzed using standard deviations, confidence intervals and analysis of 
variance. 

Results and discussion: The MNs displayed variation concerning the overall 
appearance and this could affect the coating properties and release profiles since they 
differ in e.g. porosity.  The different sieve fractions did not demonstrate a significant 
difference in appearance and the sieve fraction of ≤125 µm was therefore chosen for 
further studies due to material assets. 

PEG 3350 demonstrated a uniform coating in addition to a modest absorption into the 
calcium sulfate. It was therefore in contrast to the other excipients that presented various 
issues. The coatings that contained Kollicoat® IR showed the fastest release although the 
results were often not statistical significant which could be attributed to the irregular 
diffusion of the formulation into the MN array.  Other factors that contributed to the 
variability of the results were the release methods variability and the human factor. 

Conclusion: The biodegradable MNs showed variation between manufactured batches 
concerning the overall appearance which could affect the results. PEG 3350 demonstrated 
the most favorable coating properties and Kollicoat® IR presented the fastest release. 
Further studies are needed to continue to develop the manufacturing process of the MNs, 
the drug release method and to address the issue with the diffusion of the formulations 
into calcium sulfate. 

Keywords: microneedles, biodegradable, calcium sulfate, transdermal, immediate 
release 

  



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Table of Contents 
1 Introduction ........................................................................................................................ 1 

1.1 Transdermal administration ........................................................................................ 1 

1.2 Microneedles ............................................................................................................... 2 

1.3 Biodegradable microneedles ....................................................................................... 3 

1.4 In vitro studies ............................................................................................................ 3 

1.5 Coating formulations .................................................................................................. 4 

2 Objective ............................................................................................................................ 5 

3 Materials and methods ...................................................................................................... 5 

3.1 Materials ..................................................................................................................... 5 

3.2 Construction of microneedles .................................................................................... 5 

3.3 MNs made from CaS of different particle sizes .......................................................... 6 

3.4 Coating formulations .................................................................................................. 6 

3.5 Release studies ........................................................................................................... 6 

3.6 Statistical analysis of release studies .......................................................................... 6 

4 Results and discussion ...................................................................................................... 7 

4.1 Construction of MNs ................................................................................................... 7 

4.2 Comparison of sieve fractions .................................................................................... 8 

4.3 Coating the microneedles ........................................................................................... 8 

4.3.1 Coating with distilled water ................................................................................. 9 

4.3.2 Coating with Kollicoat® IR ................................................................................. 9 

4.3.3 Coating with PEG ................................................................................................ 9 

4.3.4 Coating with sodium alginate ............................................................................ 10 

4.3.5 Cross section of coated microneedle arrays ...................................................... 10 

4.3.6 Additional coating formulations ........................................................................ 11 

4.4 Release studies .......................................................................................................... 11 

4.4.1 Release profile of distilled water ......................................................................... 12 

4.4.2 Release profile of Kollicoat® IR ........................................................................ 13 

4.4.3 Release profile of PEG ........................................................................................ 14 

4.4.4 Release profile of sodium alginate ..................................................................... 15 

4.4.5 Comparison of coating excipients ...................................................................... 16 

4.4.6 Weight before and after release studies ............................................................. 17 

4.5 Future studies ............................................................................................................ 17 

5 Conclusion ....................................................................................................................... 18 

6 Acknowlegement ............................................................................................................. 18 

7 References......................................................................................................................... 19 

8 Appendices ...................................................................................................................... 22 

Appendix A Combinations of excipients and drug substance used for coating ............. 22 

Appendix B Lab setup for release studies ...................................................................... 24 

Appendix C Calibration curve for sodium salicylate ...................................................... 25 

Appendix D Cross section of coated micro needle array ................................................ 26 

Appendix E Additional figures displaying combinations of release profiles ................. 27 



 

 
 

Abbreviations 
 
SS - Sodium salicylate 
 
MN - Microneedle 
 
CaS – Calcium sulfate 
 
PEG – Polyethylene glycol 3350 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

1 
 

1 Introduction 
Injections are a very straight forward form of drug administration. By injecting a drug 
directly into the bloodstream, the effect is immediate and there is no first-pass 
metabolism to take into consideration.  Since the intricate oral route is bypassed it is 
possible to administer e.g. proteins that are bulky and chemically unstable (1). The big 
drawback with injecting hypodermic needles is that they cause physical pain and 
sometimes psychological pain in the form of needle phobia (2). The risk of infection is 
also considerable as well as the biological waste (3). There are many new methods to 
evade these problems, for example the use of transdermal microneedles (MNs) (1).  

1.1 Transdermal administration 
The skin is complex and since one of its main missions is to keep foreign chemicals and 
microorganisms out it is a naturally difficult target for drug administration. The skin is 
composed of two main layers that are interesting from a pharmaceutical point of view. 
The epidermis is the first layer from the outside and can be divided into stratum 
corneum, stratum granulosum, stratum spinosum and stratum basale. When a drug is 
presented onto the skin it must first be dissolved and diffused past the formulation. It 
then encounters the stratum corneum which is the most difficult barrier to pass and the 
rate limiting step in transdermal absorption. The layer is about 10 µm thick and 
compromises of 10-15 cell layers that differ depending on where it is on the body. These 
flattened and anucleated cells known as corneocytes are filled with keratin and situated 
between lipid bilayers, making an efficient barrier. The drug then reaches the other layers 
of the epidermis, commonly known as the viable epidermis. There are no blood vessels 
there but the drug easily diffuses through this living, more hydrophilic layer (1). 
Important nociceptor neurons can however be found in all the layers of the viable 
epidermis and some neurons even go as far as to terminate just 10 µm below the stratum 
corneum (4).  

The dermis is situated just below the epidermis and is the layer of the skin that 
systemically absorbs the drug on account of its rich blood flow. It consists mostly of a 
mucopolysaccharide gel containing collagen and elastin which gives the dermis an 
aqueous surrounding. There are also other structures like hair follicles and sweat glands 
that reach past the skin surface. These convey a possible route for diffusion although they 
are often occupied with sweat, hair or other bodily fluids which makes diffusion of a drug 
problematic. Another problem is that these shunt routes only occupy a small area of the 
skin. Metabolism is also present in the skin which further hinders the absorption of 
drugs. Therefore, a rule of thumb exists for the physiochemical part of the drug. For 
example, the molecular weight should be less than 500 g/mol, the log P between 1-4 and 
the drug should also be potent. With reference to these aspects it puts a lot of pressure on 
a drug if it will have a chance to be transdermally absorbed. Figure 1 displays the 
aforementioned modes of absorption and how MNs can be used for transdermal 
administration (1). 
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Figure 1. Possible routes for transdermal drug absorption. By diffusion along shunt routes (a) a drug can 
bypass the stratum corneum. The drug can also diffuse through the stratum corneum (b) although the 
absorption is poor. Microneedles make it possible to circumvent the stratum corneum (c) by creating a direct 
route into the viable epidermis or dermis depending on the needle length. Adapted from Langer et al (5). 

1.2 Microneedles 
The most obvious way to bypass the stratum corneum would be to mechanically force 
through it without activating the nociceptors. This is possible with the construction of a 
patch consisting of needles in the microscopic region. The administration is convenient 
and since the application does not require any formal education or training it is possible 
for patients to administer the patch by themselves (1). MNs have demonstrated to cause 
substantially less or no pain when compared both to hypodermic needles and placebo 
patches. However, there is a strong correlation between needle length and pain, which 
needs to be taken into consideration (6-8). Some pain is then expected if the needles are 
long since the viable epidermis and dermis are innervated to some extent with 
nociceptors (4). The MNs can be constructed with a variety of materials such as silicone, 
metal and polymers. The height of the needles usually ranges between 50 – 900 µm as it 
penetrates the stratum corneum to deliver drugs transdermally (9). After applying the 
MNs, the skin naturally recovers after two hours and this period can be substantially 
prolonged if the area is occluded which in its turn enables an extended release (10). 

Even though substantial amounts of research have been done there is no approved 
pharmaceutical MN product on the market. MNs have shown in studies that they can 
deliver drugs like lidocaine efficiently (11) but also biopharmaceutics like insulin (12), 
vaccine against influenza (13) and measles (14). When studying the measles vaccination, 
cotton rats were successfully vaccinated using a MN array of only 5 MNs that were 750 
µm high. The potency of the vaccine made this possible and the result from the 
vaccination was comparable to a regular subcutaneous vaccination. The study also passed 
WHOs criteria of accelerated stability concerning the coated and finished MNs. This 
means that the MNs have shown to deliver drugs both locally and systemically. The only 
MN products on the market are used for cosmetic purposes such as to improve skin 
texture and scar tissue (15). 

One MN pharmaceutical based system has shown promising results in phase I and phase 
II clinical trials and moved on to the pivotal phase III. The researchers used solid coated 
MNs with an innovative applicator to transdermally deliver human parathyroid hormone 
against advanced osteoporosis. The phase II study showed rapid, safe and efficient results 
where the treatment was well tolerated among the test subjects making it an interesting 
candidate for the phase III studies (16). 

MNs are often allocated into four different categories that differ both in appearance and 
mechanism. One of the methods is often described as “poke and patch” and uses MNs to 
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first poke through the stratum corneum and when removed a drug filled patch is added 
on the skin to administer the drug. The MNs themselves can also be coated with a drug 
formulation where the drug is released after piercing the epidermis. Another method is 
where the MNs are constructed by a biodegradable material that is mechanically strong 
enough to breach the epidermis. The material is thereby broken down in the hydrophilic 
area of the skin and the drug is subsequently released. Because of the micro scale of the 
formulations there is a common problem with the biodegradable and coated MNs. The 
amount of drug applicable is profoundly restricted which leads to constraints on the drug 
that is to be applied. One way to come around this problem is the construction of hollow 
MNs where the drug is pumped through the hollow MN after piercing the skin (17). 

1.3 Biodegradable microneedles 
Biodegradable materials have several advantages; they can both be coated for instant 
release (18) and have a drug incorporated within the material. This enables an extended 
release that can be accomplished by having a swelling material in the MNs that releases 
the needles inside the skin. The separated needles create a drug reservoir and since they 
are biologically dissolved there is no biohazardous waste afterwards. Although many 
suitable materials exist, calcium sulfate (CaS) has shown to be easy to handle under 
ambient conditions and it also provides adequate mechanical strength to pierce the skin 
(19).  

The hemihydrate of calcium sulfate (CaSO4·0.5H2O) is used in this study to make the 
molding of the MNs possible. It is a white, hygroscopic and crystalline powder and 
outside of the pharmaceutical world it is commonly used as an excipient in bandages to 
fixate fractures and broken limbs (20). When adding water to the hemihydrate it forms a 
paste, which resets into the solid calcium sulfate dehydrate (CaSO4·2H2O), also known as 
gypsum (21). 

CaS has been used in vivo earlier in craniofacial surgeries but also in treatment for bone 
cysts. Though it is generally considered to be a well-tolerated and biocompatible 
substance it is not without risks as acute laryngospasm have been observed in some 
patients (22,23). Since the amount of CaS used in the MNs is just a fraction of the mass 
used in surgery it should not cause a problem with the potential side effects regarding 
laryngospasm.  

CaS dissolves via chemical dissolution in vivo making it biodegradable and because of this 
it is possible to predict the time it takes for it to dissolve (24). To put this into context, a 
study using porcine skin studied the degradation of CaS MNs. After 48 hours it showed 
that one third of the MNs had started to deteriorate shown by the loss of MN tips. That 
means there is still biodegradable waste if the MNs are coated and intended for 
immediate release but since the needles are biodegradable there is no hazard associated 
with needle breakage (25). Though research has been done within the field (18,19,25) 
there is a need for additional studies concerning coating formulations for instant release. 

1.4 In vitro studies  
The different in vitro models for transdermal absorption have a similar setup where two 
chambers are divided by an appropriate membrane. The formulation is presented in the 
donor compartment and samples are taken in the receptor compartment at different time 
intervals (1). An equal volume of receptor fluid is added after sampling to maintain the 
original volume as well as to keep sink conditions (26). Sink conditions are when it is 
assumed that drug is transported away faster than it takes for it to dissolve, or in this case 
dissolve and permeate the membrane. The drug concentration in the receptor fluid 
should therefore be kept at <10 % of its saturated concentration which is a valid 
assumption in this case because as soon as the drug gets past the epidermis it is 
systemically absorbed by the capillaries in the dermis.  This makes it possible to construct 
a drug permeability profile. The receptor solution should also mimic the in vivo situation 
so it does not damage the membrane and by using a stirring component it makes sure 
that drug does not accumulate around the membrane. Since the diffusion rate is 
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dependent on the temperature it is also important to maintain a 37 ̊C in the receptor 
solution (1).  

There exist many different types of in vitro models for transdermal administration where 
Franz diffusion cells are one of the most commonly used. With this model it is possible to 
optimize the setup for the specific experiment by choosing for example temperature, 
receptor solution and stirring speed. One problem by using these types of in vitro models 
is that the reproducibility can be unsatisfactory. It is therefore necessary to conduct the 
experiments under meticulous surveillance so e.g. the temperature does not change too 
much. The stirring is also important to get an evenly distributed drug concentration and 
temperature in the receptor fluid (26). Since the concentration is highest at the boundary 
layer close to the membrane (1), samples should be taken in the bulk of the fluid (26). 

1.5 Coating formulations 
Some factors are extra important in the process of coating MNs with a drug. When 
concerning the coating uniformity, it is necessary that the coating appears smooth and 
not uneven because otherwise it will be difficult to get reproducible results concerning the 
release profile. The coating should only appear on the needles themselves and not on the 
base plate where the drug would have a different absorption profile. The coating 
formulation should also dry without the use of high temperatures to protect the drug and 
should not chemically alter the drug e.g. by degradation. Each needle needs to be coated 
sufficiently to allow for a therapeutic dose and adhere to the needles to not lose the drug 
during handling. The rate of dissolution of the coating formulation should match the 
intended goal like in this case, a fast rate because of the intended immediate release. The 
coating formulations should therefore be viscous enough to make sufficiently thick 
coatings but also lower the surface tension to be able to wet all of the needles equally. 
They should be none toxic and approved for parenteral use (27). 

To be able to find an appropriate coating formulation for MNs made from CaS it is 
necessary to evaluate previous studies but also to test these formulations experimentally. 
Four different substances (including water, acting as a reference) were tested in this study 
and these were primarily based on promising results in other studies (18,28,29). Water is 
mainly a good reference since it evaporates completely and leaves the substance without 
excipients that could influence the release rate.  The excipients used in the study were 
Kollicoat® IR, sodium alginate and polyethylene glycol 3350. 

Kollicoat® IR is a polyvinyl alcohol-polyethylene glycol graft copolymer typically used for 
coating of tablets with the purpose of getting an instant release. It is a free-flowing 
powder that is soluble in acidic, alkaline and neutral water. When the powder is dissolved 
it forms a turbid solution because it contains colloidal silica. It demonstrates low 
viscosity, fast rate of dissolution, surfactant like properties and leaves a transparent film 
after being applied (30). Kollicoat® IR was used at a concentration of 5 % based on 
previous studies (18). 

Sodium alginate is conceived by neutralizing the naturally occurring alginic acid with 
sodium bicarbonate. It is commonly used in food products and cosmetics but also in 
pharmaceutics where it can be used as an disintegrant in tablets and viscosity enhancer in 
topical formulations. The substance is soluble and stable in water and is not considered to 
be toxic or irritating when consumed orally (31). Sodium alginate has shown encouraging 
results in a study on coated MNs intended for instant release. It was used in a 
concentration of 5% (w/v) in combination with a surfactant that will be excluded in this 
study (28). A concentration of 0,00625 g/ml was used in this study.  

PEG 3350 is a polyether where the adjacent number represents its molecular weight. It is 
water soluble and appears as a solid in room temperature which makes it possible to use 
it as a film coating agent. By coating a material with PEG, it gets an increased water 
permeability which is desirable in MNs intended for immediate release. It is nontoxic and 
nonirritant which can be demonstrated in lower PEGs that are often used for parenteral 
administration and by higher PEGs that are frequently used topically (32). Though the 



 

5 
 

liquid PEG 200 had been used in previous studies with mixed results (18), PEG 3350 was 
chosen for this study due to its ability to form a dry film on the material (32). PEG 3350 
has also shown promising results in a previous study where it was used to make a solid 
dispersion with a water insoluble drug to increase the dissolution and aqueous solubility 
(29). PEG 3350 was used at a concentration of 0,05 g/ml for this study.  

The test substance chosen for this study was sodium salicylate (SS) which is a non-
steroidal anti-inflammatory drug used to treat fever and general pain. The drug was 
chosen because it is well-known and relatively nontoxic (33), displays good solubility in 
water (34) and is UV-active making analysis with a spectrophotometer possible (35). 

2 Objective 
To find and experimentally determine useful coating formulations for microneedles 
consisting of calcium sulfate concerning uniformity and coating properties. When 
applying the coating formulation, it should form an evenly distributed coating on top of 
the microneedles without compromising their sharpness. The coatings should be miscible 
with sodium salicylate and present an immediate release of the drug according to release 
studies. 

3 Materials and methods 

3.1 Materials 
Calcium sulfate alpha hemihydrate (CaSO4•0.5H2O) was obtained from Bo Ehrlander 
Eftr. AB (Sweden). Sodium salicylate and sodium alginate was bought from Sigma Aldrich 
(Sweden), Kollicoat® IR was obtained from BASF (Germany) and CARBOWAX™ 
SENTRY™ Polyethylene Glycol 3350 (PEG) was manufactured by Dow Chemical 
Company (USA). 

3.2 Construction of microneedles 
The MNs were produced by mixing alpha calcium sulfate hemihydrate and distilled water 
with a 0.4 ratio of liquid to powder. The CaS paste was then applied into a synthetic 
silicone mold that served as the template. After curing for a minimum of 16 hours in 
ambient conditions (RH 23-53 %) the MNs were removed and further analyzed with a 
microscope (Celestron InfiniView LCD Digital Microscope, USA). The method was based 
on earlier studies with some slight modifications (19, 25). The manufactured MN array 
(Figure 2) consisted of 25 symmetrically positioned MNs with a total needle area of 
10.25 mm2 where an individual needle was 600 µm high and had an area of 0.41 mm2. 
The area of the needles and bottom plate was 58.3 mm2.  

 

Figure 2. Image taken with a digital microscope that displays the microneedle array and the appearance of 
the needles. 
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3.3 MNs made from CaS of different particle sizes  
Two different particle sizes (≤125 µm and ≤63µm) of CaS were obtained with a sieve 
shaker AS200 (Retsch, Germany) to see if particle size affected the MNs sharpness and 
overall appearance. Two batches of CaS consisting of five MN arrays each were produced 
for the different sieve fractions.   

3.4 Coating formulations 
The MNs were first tested with coating formulations that did not contain any drug 
substance to not only act as a reference but also to examine its particular characteristics. 
Since Kollicoat® IR, PEG and sodium alginate are in a solid form they were dissolved in 
distilled water to their respective concentration (Table A1, Appendix A). All the 
formulations were colored with methylene blue to simplify the ocular inspection.  

After applying the coating with an automatic pipette, it was left to dry under ambient 
conditions for 24-72 hours. Three replicates were done for each formulation followed by 
an analysis with a digital microscope (Celestron InfiniView LCD Digital Microscope, 
USA). The coatings were evaluated by examining the uniformity on top of the MN array, 
by splitting the array with a pair of scissors to see how much the formulation had diffused 
into the CaS and by inspecting the needle sharpness. 

The formulations were then combined and tested with SS (Table A2, Appendix A). 
This was done by making a solution of 0,1 g/ml SS in the studied formulation, e.g. SS was 
dissolved in water or the 0,05 g/ml solution of Kollicoat® IR. The MN arrays were again 
evaluated by examining the uniformity on top of the MN array and by inspecting the 
needle sharpness. 

3.5 Release studies 
A modified membrane based method was used to determine the release rate from the 
MNs prepared with different coating formulations (19). The method used a Whatman® 
Nuclepore Track-Etch membrane situated on top of a petri dish with three wells each 
prefilled with 2 ml of room tempered distilled water. The petri dish was placed on top of 
an orbital shaker (Ika® schüttler mts 4, Germany) at 75 rpm. Three replicates of interest 
were each wet with 20 µl of distilled water two minutes before being placed over the wells 
to begin the test. A lid was also put on top to avoid too much vapor getting out (see 
Appendix B for lab setup). Samples that consisted of 0,2 ml solution were pipetted by 
lifting the lid and mixing it by pumping the pipette back and forth before retrieving the 
sample. For each sample of 0,2 ml that was retrieved, the same amount of distilled water 
was added to compensate for the loss. Samples were collected after 15, 30, 45, 60, 90, 
180, 270, 360 and 1440 minutes and analyzed with a spectrophotometer (Shimadzu UV-
1601 UV-Visible Spectrophotometer, Japan) at 296 nm before being compared to a 
standard curve (Appendix C) to determine the concentrations. The wavelength was 
experimentally determined at the lab using the aforementioned spectrophotometer. The 
MNs were also weighed before and after the release study to see if the absorbed volume 
differed between formulations. Sink conditions were maintained throughout the study. 

3.6 Statistical analysis of release studies 
A 95 % confidence interval was calculated and presented in the release profiles to help 
visualize the variance and statistical significance between formulations and time 
intervals. The mean values and standard deviations were calculated to enable the use of a 
one-way analysis of variance (ANOVA) which determined if the difference between the 
release profiles were statistical significant. A separate ANOVA was performed on each of 
the time intervals and formulations presented in this study. The results from the ANOVA 
showed statistically significance (p<0,05) if at least one formulation was different to any 
of the other in that group at one specific time interval. Tukey HSD (post hoc test) was 
therefore performed on the groups with a statistical significance at a specific time interval 
to detect which formulations that showed a significant difference between each other with 
a 95 % confidence interval around the difference (36). 
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4 Results and discussion 

4.1 Construction of MNs 
The MN arrays were easy to construct since they could be prepared and cured under 
ambient conditions. This made it possible to use MNs of high quality even though the 
yield of approved MNs during manufacture was low (about 50 %). The MN arrays were 
nonetheless diverse because of the handicraft in the manufacturing process when 
concerning the needle sharpness, appearance, porosity and weight. Some of the molds 
had e.g. extra holes which resulted in non-homogenous arrays (Figure 3). These factors 
could all add to variations that do not depend on the formulations in the release profiles, 
but rather the MN arrays themselves. 

 

Figure 3. Microneedle array displaying the variation between the micro molds. A small hole in the mold 
resulted in a spherical shape in the top left corner.  

The dissimilarity between the molds also affected the thickness and the patterns on the 
MN arrays (Figure 4) and because of the craftsmanship involved in the manufacturing 
process there was some difference in porosity and overall appearance.  

 

Figure 4. Four different microneedle arrays displaying the observed variation associated with the   
craftsmanship involved in the manufacturing process. Notice the difference in the shape and thickness of the 
bottom plate and the patterns on top of the microneedle arrays. 

The porosity of the MN arrays was not studied but should not differ extensively since the 
batches of MNs were manufactured by the same method. A more porous array may 
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facilitate the formulation to diffuse deeper into the CaS, which would give a longer 
diffusion distance and an uneven release that would be difficult to predict.  

The inconsistency between the MN arrays could result in different interactions between 
CaS and the coating formulation and subsequently different release profiles although the 
same formulation was used. A method for constructing the micro molds and MN arrays 
with great precision is therefore warranted. If the construction could be automated it 
would be possible to maintain a similar microstructure between the MN arrays, save time 
and produce more reliable results.  

4.2 Comparison of sieve fractions 
The different sieve fractions did not show a considerable difference concerning the needle 
sharpness, smoothness or the quantity of successful MN arrays. The CaS sieve fraction of 
≤125 µm was therefore chosen for further studies because of material assets. Out of the 10 
manufactured MN arrays for both of the sieve fractions, most of them were intact 
although some of them showed various deviations such as air bubbles, completely/slightly 
broken off needles and blunt needle tips. The causes for these deviations were in some 
cases obvious.  For instance, two needles got broken off when removing the MN array out 
of the mold because the needles got stuck. 

The needle sharpness seemed to vary with the different molds and the result from the 
manufacturing process which included at what time the CaS paste was poured into the 
mold, as discussed previously. The structure inside the MN array did not get analyzed 
either and it could be of importance to study if there was a difference there. The digital 
microscope did unfortunately not provide images in a standard suitable for a qualitative 
evaluation of the needle sharpness (Figure 5) which made analysis difficult. 

Figure 5. Comparison of microneedle sharpness between the sieve fractions ≤63µm and ≤125 µm. A 
conclusion is difficult to draw because of the quality of the microscope. 

To get a more definitive conclusion concerning the potential difference between the sieve 
fractions it would be necessary to do more replicates, randomize the molds and do a 
statistical analysis. It would also provide more reliable results if the process could be 
automated to help reduce the human factor in e.g. the process of removing the needles 
out of the mold which was prone to cause needle breakage. 

4.3 Coating the microneedles 
The automatic pipette was rapid and easy to handle but also difficult to coat with which 
often resulted in diverse coating uniformity and coating patterns between the replicates. 
Especially Kollicoat® IR and sodium alginate were prone to adhering to the pipette 
instead of releasing a complete and uniform load. The coating formulation also adhered 
to the outside of the pipette when being dipped into the beaker containing the 
formulation which could result in more deposited excipient than intended. A piece of 
paper was therefore used to remove the excess formulation on the outside of the pipette. 
This solution to the problem was not optimal since the paper could have gotten into 
contact with the edge of the pipette and drawn out fluid with capillary forces. With the 
current method the whole MN array is coated but it should only be coated onto the 
needles themselves. This was not all negative because it made ocular inspections of the 
coating uniformity possible. 



 

9 
 

4.3.1 Coating with distilled water 
The coating of the MN arrays with distilled water was presented with some difficulty 
because of its high surface tension. To be able to distribute the drops evenly there was a 
need to manipulate them through elongation with a pipette. When the solution dried it 
was easy to see that it had diffused on its own and that it did not stay on the area where it 
was applied. This can be observed in Figure 6 where the edges are ragged in all the 
excipients except for Figure 6 C where the formulations seemed to float together to a 
larger extent.  

 

Figure 6. Distilled water as a pre-coating agent. A) Distilled water. B) Distilled water + Kollicoat® IR. C) 
Distilled water + PEG. D) Distilled water + sodium alginate. Coating uniformity with water was difficult to 
achieve due to surface tension. All the microneedle arrays were stained with methylene blue. 

4.3.2 Coating with Kollicoat® IR 
Kollicoat® IR presented a uniform coating with some coating difficulties because of air 
getting trapped in a bubble on the MN array. The phenomenon was a result of handling 
the automatic pipette where some air was pushed out when applying the formulation. The 
coating showed a characteristic appearance with sharp edges which made it easy to see 
how the formulations had diffused in correlation to each other (Figure 7).  

 

Figure 7. Kollicoat® IR as a pre-coating agent. A) Kollicoat® IR. B) Kollicoat® IR + distilled water. C) 
Kollicoat® IR + PEG. D) Kollicoat® IR + sodium alginate. Kollicoat® IR displayed a uniform coating with 
characteristic edges. The microneedle arrays were stained with methylene blue. 

4.3.3 Coating with PEG 
PEG was easy to apply and showed good wettability which resulted in an evenly 
distributed coating while giving a slightly spotty appearance (Figure 8). The formulation 
spread evenly across the MN array and seemed to float together with the other 
formulations when used as a pre-coating agent.  

 

Figure 8. PEG as a pre-coating agent. A) PEG. B) PEG + distilled water. C) PEG + Kollicoat® IR. D) PEG + 
sodium alginate. The microneedle arrays were stained with methylene blue. 
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4.3.4 Coating with sodium alginate 
The coating uniformity of sodium alginate was the least homogenous out of all the 
formulations and this could be attributed to its high viscosity and surface tension that 
made it difficult to coat with. After drying, it created a thin layer on top of the MN arrays 
which could compromise the needle sharpness. When it acted as a pre-coating agent it 
effectively assisted the other formulations to quickly and effectively distribute across the 
MN array.  

 

Figure 9. Sodium alginate as a pre-coating agent. A) Sodium alginate. B) Sodium alginate + distilled water. 
C) Sodium alginate + Kollicoat® IR. D) Sodium alginate + PEG. Sodium alginate exhibited a dry film on top 
of the microneedle array. The irregular black dots on the figure are undissolved methylene blue. 

4.3.5 Cross section of coated microneedle arrays 
To display an immediate and predictable release profile it is of importance that the 
coating formulation does not diffuse into the material extensively. A significant and 
irregular absorption would result in a longer and unpredictable drug release (1) that 
would be difficult to replicate. It is therefore important to analyze the variations that were 
observed when concerning the extent of diffusion through the CaS. 

Distilled water diffused moderately and a bit uneven through the material (Figure 10 A). 
This became even more apparent when compared to PEG that exhibited the most 
promising results compared to the other formulations. PEG diffused slightly less through 
the material and was distributed evenly throughout (Figure 10 C). A possible hypothesis 
for this could be that PEG is more viscous than Kollicoat® IR and less viscous than 
sodium alginate. The low absorption could therefore be attributed to its viscosity and it 
would dry before getting extensively absorbed. Kollicoat® IR diffused through the 
material most extensively out of all the formulations (Figure 10 B). Kollicoat® IRs 
ability to diffuse through the material could be due to its low viscosity and its ability to 
reduce surface tension (30) and because of this spread more easily into the material. 
Sodium alginate on the other hand did not diffuse into the material as much as the other 
formulations (Figure 10 D) which could be attributed to its high viscosity.  

To be able to minimize the diffusion into the material it might be necessary to reduce the 
water component or dry the coating using heated air with a temperature that does not 
affect the substance. PEG in a higher concentration could also be studied to see if the 
diffusion is reduced even more.  
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Figure 10. Cross section of microneedle arrays pre-coated with different formulations. A) Distilled water. B) 
Kollicoat® IR. C) PEG. D) Sodium alginate. All the MN arrays were coated two times with the respective 
formulation. The microneedle arrays were stained with methylene blue.  

4.3.6 Additional coating formulations 
The results from the other formulation combinations (Appendix A, Table A1) 
demonstrated similar profiles to the ones demonstrated in Figure 10. Kollicoat® IR 
contributed to a more uneven and comprehensively diffused formulation and distilled 
water tended to provide a more uneven diffusion through the CaS. All the coating 
formulations that contained sodium alginate showed a distinctive appearance where a dry 
membrane-like structure was present on top of the MN array after being coated. Because 
of this it could be believed that sodium alginate would block further absorption if used as 
a pre-coating agent. That did not turn out to be the case since it only added to the uneven 
uptake in the material (Appendix D). This, on the other hand, could be a sign that it 
effectively blocked some of the formulation from being absorbed so it could be interesting 
to try a higher concentration of sodium alginate provided that another method for coating 
is developed to make it feasible and that it does not affect the MN sharpness. None of the 
other excipients appeared to hinder further absorption into the MNs. 

When concerning coating with SS (Appendix A, Table A2) there was no significant 
difference noticed between the MN arrays apart from sodium alginate which created the 
above-mentioned film. Because the formulations were not stained with a colorant it was 
difficult to detect any differences. It is also important to mention that because water does 
not have any adhesive properties it would mean that the substance would not stick to the 
MNs and thus be very sensitive to handling which could result in loss of substance.  

4.4 Release studies 
All the MNs showed a release of SS that increased over time. The whole amount, 
represented as a release fraction ≥ 100 %, was released in all the formulations 24 h 
samples except for Kollicoat® IR (SS) (Figure 13) where the fraction released was just 
below 100%. The exaggerated release profiles could be because the mass and 
subsequently the fraction released were calculated with the assumption that the volumes 
in the wells were intact and evenly distributed through the experiment. This assumption 
is not correct however since water evaporation and absorption into the MN array 
significantly lowered the water volume. This loss of water probably gave the sample a 
falsely high concentration that would have increased over time since more water 
evaporated. The theory also applies to the MN arrays with one coating layer of SS 
compared to the ones with two layers. The measured concentration in the samples from 
the release study would be lower in the single coated MNs since less drug substance was 
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coated. The mass would subsequently be less exaggerated when calculated with the 
theoretical volume of 2 ml.  

There was a wide confidence interval exemplified in most of the formulations and the 
results were generally not statistically significant according to the ANOVA and Tukey 
HSD. The results from the more interesting samples, where a trend could be seen, will 
therefore be presented instead of all the individual differences.   

The results are presented in two figures for the respective pre-coating agent since the 
MNs are intended for immediate release. The first figure shows the release fraction from 
15 to 90 minutes and the other one displays the whole 24 h test to illustrate the complete 
drug release from the MNs. Worth noting is that neither of the graphs was close to getting 
a complete release after 90 minutes and none of them went past 50 % fraction released. 

4.4.1 Release profile of distilled water 
The results from the release studies with distilled water as a pre-coating agent are 
presented in Figure 11-12 where a wider confidence interval is observed in especially 
H2O (SS) + H2O (SS). Concerning Figure 11, which displays the first 90 minutes of 
release, it appears that the formulation containing Kollicoat® IR had the fastest release. 
These results were statistically significant for the first 30 minutes when compared to all 
the other formulations. Kollicoat® IR was later surpassed by the other formulations in 
the later samples observed in Figure 12. H2O (SS) and H2O (SS) + sodium alginate (SS) 
showed the slowest release in both figures. These results were not always statistically 
significant according to Tukey HSD because it differed between samples and the 
formulations. 

 

Figure 11. H2O (SS) as a pre-coating agent. The figure displays the fraction released from five different 
formulations over 90 minutes. The error bar represents a 95 % confidence interval.  
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Figure 12. H2O (SS) as a pre-coating agent. The figure displays the release profile of microneedles coated 
with different formulations. The error bar represents a 95 % confidence interval. 

4.4.2 Release profile of Kollicoat® IR 
A trend can be seen where Kollicoat® IR + Kollicoat® IR (SS), Kollicoat® IR (SS) + PEG 
(SS) and Kollicoat® IR (SS) + Kollicoat® IR (SS) showed the fastest release early on 
(Figure 13) and this also continued into the 24 h test (Figure 14) where they change 
places between each other.   

The slowest release was exhibited by Kollicoat® IR (SS), Kollicoat® IR (SS) + sodium 
alginate and Kollicoat® IR (SS) + H2O (SS). Kollicoat® IR (SS) was the only formulation 
in this study that did not reach 100 % release of SS. This was probably due to a specific 
error in the laboratory work since all the other formulations released over 100 % and 
Kollicoat® IR (SS) was very close. The only difference that was statistically significant 
was Kollicoat® IR (SS) + Kollicoat® IR (SS) versus Kollicoat® IR (SS) at 180-360 min. 
This difference could be attributed to a combination of the fraction released being more 
exaggerated in the two-layered coated MN array (as discussed previously) and because 
the two layered MN array gets a faster rate of dissolution in account of the higher amount 
of Kollicoat® IR. 

 

Figure 13. Kollicoat® IR as a pre-coating agent. The figure displays the release profile of microneedles 
coated with different formulations for a period of 90 minutes. The error bar represents a 95 % confidence 
interval. 
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Figure 14. Kollicoat® IR as a pre-coating agent. The figure displays the release profile of microneedles 
coated with different formulations over a period of 24 h. The error bar represents a 95 % confidence interval. 

4.4.3 Release profile of PEG 
Not only the fastest release but also the widest 95 % confidence interval was exhibited by 
PEG (SS) + Kollicoat® IR (SS) (Figure 15). This formulation also showed statistical 
significance between most of the other formulations especially in the time span 15-90 
minutes.  Later in the test (Figure 16) it was however bypassed by PEG (SS) + H2O (SS) 
and PEG (SS) + Sodium alginate (SS). The slowest release was observed with PEG (SS) 
and PEG + PEG (SS). 

 

Figure 15. Release study of PEG as a pre-coating agent where the error bar represents a 95 % confidence 
interval. PEG (SS) + Kollicoat® IR (SS) demonstrated the fastest release and the difference between most of 
the formulations was associated with a statistical significance.  
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Figure 16. Release study of PEG as a pre-coating agent where the error bar represents a 95 % confidence 
interval. PEG (SS) and PEG + PEG (SS) showed a high frequency of statistical significance in the difference 
between the other formulations from 180-360 min. 

4.4.4 Release profile of sodium alginate 
When observing sodium alginate as a pre-coating agent there was one formulation that 
stood out in both the 90 minutes (Figure 17) and the 24 h sampling (Figure 18). 
Sodium Alginate (SS) + Kollicoat® IR did not just present a faster release but the 
difference between it and the slowest formulations was also statistically significant 
through most of the study. 

 

Figure 17. Fraction released from microneedle arrays coated with sodium alginate and additional 
formulations. Sodium alginate (SS) + Kollicoat® IR (SS) exhibited a fast release that was statistically 
significant.  The error bar represents a 95 % confidence interval. 
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Figure 18. Fraction released from microneedle arrays coated with sodium alginate and additional 
formulations. Sodium alginate (SS) + Kollicoat® IR (SS) exhibited a fast release that was statistically 
significant.  The error bar represents a 95 % confidence interval. 

4.4.5 Comparison of coating excipients  
Figure 19 displays the MN arrays that were coated with one layer and can be studied to 
help visualize the difference between the formulations. The same tendency that was 
exemplified in the one layered MN arrays can also be seen in release profiles of MN arrays 
coated with two layers of the respective excipient (Appendix E, Figure E1-E2).  

Kollicoat® IR exhibited the widest 95 % confidence interval (Figure 19) among the 
excipients. This can perhaps be a testament to the uneven absorption into the CaS 
observed in the coating references (Figure 10). The release profile of distilled water (SS) 
adds credibility to the theory since it also showed uneven absorption and a wider 95 % 
confidence interval compared to PEG and sodium alginate (Figure 11-18).  

Another aspect that could have been a result of the uneven absorption of Kollicoat® IR 
was that even though it initially displayed the fastest release it was often bypassed by 
other formulations in the later samples (e.g. Figure 11). The cause for this could be that 
Kollicoat® IR first released the outer most layer but later lagged behind because of the 
increased diffusion distance of the SS through the CaS.  

When concerning the other formulations, they were not as relevant since they displayed a 
similar release rate to water and were therefore not ideal for this study.  
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Figure 19. Fraction released from microneedles coated with a basic layer of formulation. The fastest release 
was exhibited by Kollicoat® IR although it was not statistical significant. The error bar represents a 95 % 
confidence interval. 

The MNs that presented the fastest release consistently contained Kollicoat® IR and are 
presented separately in Figure E3 (Appendix E). One formulation combination from 
each of the pre-coating excipients was chosen for comparison and PEG (SS) + Kollicoat® 
IR (SS) was perhaps the fastest combination in this comparison and subsequently the 
entire study. As a testament to its fast release it slowed down in the later samples (Figure 
16) which could be attributed to the pre-coating ability of PEG to effectively block some 
absorption of the Kollicoat® IR into the CaS. These results were not statistically 
significant. 

4.4.6 Weight before and after release studies 
The results from weighing the MN arrays before and after the release studies were 
inconclusive. Some trends were observed however but they were not statistically proven. 
Over 40 % of the MN arrays lost weight after the test and this was maybe a result of the 
MNs being dissolved over the course of 24 h.  There was no correlation between the 
weight of the MN array and the release profile. The hypothesis that heavier MN arrays 
would absorb more water and concentrate the dissolution bath was therefore not proven. 
A tendency could however be seen that larger MN arrays increased more in weight. When 
concerning which formulation that increased the most in weight it was also difficult to 
come to a conclusion. It would seem that Kollicoat® IR increased the most followed by 
sodium alginate, PEG and lastly water where most of the MN arrays lost weight. For 
future studies it might be necessary to not let the MNs dry for such an extensive period of 
time. 

4.5 Future studies 
The release method was straight forward, easy to regulate and showed that many of the 
formulations rapidly released high concentrations of the drug. Some of the variation 
observed in the release studies could however be attributed to the method, e.g. the 
variation between the petri dishes. The temperature in the wells should also be 
physiological to enhance the in vitro-in vivo correlation. Another option would be to use 
Franz diffusion cells as discussed earlier in the introduction. 

The MN arrays were placed on different places on the membrane because of the human 
factor and sometimes the MN array fell into the water or created a pool where it was 
allocated. This pool would run into the opening where the sampling was done which could 
give a higher concentration if not stirred sufficiently. Fortunately, these deviations most 
often occurred in the later samples when most of the drug substance had been released. 
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The spectrophotometric method for analysis was easy to operate and understand but also 
time consuming and had some steps that could influence the results. Before being able to 
measure the samples, it was necessary to dilute them to both reach a measurable volume 
but also to measure within the linear range. It would therefore be favorable to use another 
instrument for analysis. HPLC with an auto injector is both quicker and reduces the 
tampering with the samples since a smaller volume can be measured. Most importantly it 
is easier to separate the substance from other interfering factors such as particles or fibers 
which could sometimes be observed in the sample analysis. These obstructions could give 
a higher reading in the spectrophotometer than the actual value. 

Future studies should present an objective for the amount released after a specified time. 
This would make the evaluation of the formulations more concrete and the sampling 
could be adapted for the specified time interval. The duration for a complete release 
should also be examined by taking samples between 6-24 h.  

5 Conclusion 
The studied coating formulations displayed varying coating properties and release 
profiles. Some conclusions could however be drawn.  

• PEG showed the most promising results concerning the coating properties, 
particularly as a pre-coating agent. It was coated uniformly on the MN array 
without diffusing extensively into CaS.  

• Kollicoat® IR by itself and combined with the other formulations demonstrated 
the fastest release in the release studies although this was associated with a 
statistical uncertainty. Kollicoat® IR also presented a uniform coating but 
diffused the most into the CaS.  

• The needle sharpness was difficult to evaluate due to the quality of the images 
taken with the microscope.  

• All the formulations were miscible with sodium salicylate.  

Further research in the area is warranted to continue the development of the release 
method, the manufacturing process of the MNs and to determine a formulation or 
process to hinder the diffusion of coating formulation into the MN array.  
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8 Appendices 

Appendix A 
Combinations of excipients and drug substance used for coating 
 
Table A1: Coating formulations used to determine suitability for further studies as reference for the sodium 
salicylate containing formulations. All of the formulations were colored with methylene blue.  

Content Volume Concentration  

H2O 20µl Distilled water  
PEG 3350 20 µl 0,05 g/ml  
Kollicoat® IR 20 µl 0,05 g/ml  
Sodium Alginate 20 µl 0,00625 g/ml  
H2O+ H2O 20 µl+20 µl Distilled water  
PEG 3350+ PEG 
3350 

20 µl + 20 µl 0,05 g/ml+ 0,05 g/ml  

Kollicoat® IR + 
Kollicoat® IR 

20 µl+20 µl 0,05 g/ml+0,05 g/ml  

Sodium alginate + 
sodium alginate 

20 µl+20 µl 0,00625 g/ml+0,00625 g/ml  

Kollicoat® IR + 
PEG 3350 

20 µl+20 µl 0,05 g/ml+0,05 g/ml  

Kollicoat® IR + H2O 20 µl+20 µl 0,05 g/ml+ distilled water  
Kollicoat® IR + 
sodium alginate 

20 µl+20 µl 0,05 g/ml+0,00625 g/ml  

PEG 3350 + 
Kollicoat® IR 

20 µl + 20 µl 0,05 g/ml+0,05 g/ml  

PEG 3350 + H2O 20 µl + 20 µl 0,05 g/ml+distilled water  
PEG 3350 + sodium 
alginate 

20 µl + 20 µl 0,05 g/ml+0,00625 g/ml  

H2O + Kollicoat® IR 20 µl+20 µl Distilled water +0,05 g/ml   
H2O + PEG 20 µl+20 µl Distilled water +0,05 g/ml   
H2O + sodium 
alginate 

20 µl+20 µl Distilled water + 0,00625 g/ml  

Sodium alginate+ 
Kollicoat® IR 

20 µl+20 µl 0,00625 g/ml+0,05 g/ml  

Sodium alginate + 
PEG 3350 

20 µl+20 µl 0,00625 g/ml+0,05 g/ml  

Sodium alginate +  
H2O 

20 µl+20 µl 0,00625 g/ml+ distilled water  

 

Table A2: Coating formulations containing the drug sodium salicylate (SS). Kollicoat® IR, sodium alginate, 
PEG 3350 and SS were dissolved in distilled water to their respective concentration. 

Content Volume Concentration  

H2O (SS) 20µl 0,1 g/ml SS in distilled water  
PEG 3350 (SS) 20µl 0,1 g/ml SS in 0,05 g/ml PEG 

3350 
 

Kollicoat® IR (SS) 20µl 0,1 g/ml SS in 0,05 g/ml 
Kolllicoat IR  

 

Sodium Alginate (SS) 20µl 0,1 g/ml SS in 0,00625 g/ml 
sodium alginate  

 

PEG 3350+PEG 
3350(SS) 

20 µl + 20 µl 0,05 g/ml PEG  3350 and 0,1 
g/ml SS in 0,05 g/ml PEG 3350 

 

Kollicoat® IR + 
Kollicoat® IR (SS) 

20 µl + 20 µl 0,05 g/ml Kollicoat® IR and 0,1 
g/ml SS in 0,05 g/ml Kollicoat® 
IR 
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Sodium 
alginate+sodium 
alginate(SS) 

20 µl + 20 µl 0,00625 g/ml sodium alginate 
and 0,1 g/ml SS in 0,00625 g/ml 
sodium alginate 

 

PEG 3350 (SS)+PEG 
3350 (SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml PEG 
3350 and 0,1 g/ml SS in 0,05 
g/ml PEG 3350 

 

Kollicoat® IR (SS)+ 
Kollicoat® IR (SS) 

20 µl + 20 µl 0,1 g/ml SS in  0,05 g/ml 
Kollicoat® IR and 0,1 g/ml SS in  
0,05 g/ml Kollicoat® IR 

 

H2O (SS)+ H2O (SS) 20 µl + 20 µl 0,1 g/ml SS in distilled water and 
0,1 g/ml SS in distilled water 

 

Sodium alginate 
(SS)+sodium alginate 
(SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,00625 g/ml 
sodium alginate and 0,1 g/ml SS 
in 0,00625 g/ml sodium alginate  

 

Kollicoat® IR (SS)+PEG 
3350(SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml 
Kollicoat® IR and 0,1 g/ml SS in 
0,05 g/ml PEG 3350 

 

Kollicoat® IR (SS)+ H2O 
(SS) 

 20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml 
Kollicoat® IR and 0,1 g/ml SS in 
distilled water 

 

Kollicoat® IR 
(SS)+sodium alginate 
(SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml 
Kollicoat® IR and 0,1 g/ml SS in 
0,00625 g/ml sodium alginate 

 

PEG 3350(SS)+ 
Kollicoat® IR (SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml PEG 
3350 and 0,1 g/ml SS in 0,05 
g/ml Kollicoat® IR 

 

PEG 3350 (SS)+ H2O 
(SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml PEG 
3350 and 0,1 g/ml SS in distilled 
water 

 

PEG 3350 (SS)+Sodium 
alginate(SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,05 g/ml PEG 
3350 and 0,1 g/ml SS in 0,00625 
g/ml sodium alginate  

 

H2O (SS)+ Kollicoat® IR 
(SS) 

20 µl + 20 µl 0,1 g/ml SS in distilled water and 
0,1 g/ml SS in 0,05 g/ml 
Kollicoat® IR 

 

H2O (SS)+PEG 3350 (SS) 20 µl + 20 µl 0,1 g/ml SS in distilled water and 
0,1 g/ml SS in 0,05 g/ml PEG 
3350 

 

H2O (SS)+ sodium 
alginate(SS) 

20 µl + 20 µl 0,1 g/ml SS in distilled water and 
0,1 g/ml SS in 0,00625 g/ml 
sodium alginate 

 

Sodium alginate 
(SS)+Kollicoat® IR(SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,00625 g/ml 
sodium alginate and 0,1 g/ml SS 
in 0,05 g/ml Kollicoat® IR 

 

Sodium alginate 
(SS)+PEG 3350 (SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,00625 g/ml 
sodium alginate and 0,1 g/ml SS 
in 0,05 g/ml PEG 3350 

 

Sodium alginate (SS)+ 
H2O (SS) 

20 µl + 20 µl 0,1 g/ml SS in 0,00625 g/ml 
sodium alginate and 0,1 g/ml SS 
in distilled water 
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Appendix B 
Lab setup for release studies 
 

 
Figure B1. The laboratory equipment used in the release studies. A modified petri dish consisting of three 
wells filled with water is placed on top of an orbital shaker. A membrane is situated on top of the dish and the 
microneedles are placed over the wells to begin the release test.   
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Appendix C 
Calibration curve for sodium salicylate 
 

 

Figure C1. Calibration curve for determining the concentration of sodium salicylate in the release studies. 
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Appendix D 
Cross section of coated microneedle array 
 

 

Figure D1.  Cross section of microneedle arrays pre-coated with different formulations. A) Sodium Alginate 
+ H2O. B) Sodium alginate + Kollicoat® IR. C) Kollicoat® IR + PEG. D) Sodium alginate + sodium alginate. 
The microneedle arrays were stained with methylene blue. 
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Appendix E 
Additional figures displaying combinations of release profiles 
 

 

Figure E1. Fraction released from microneedle arrays coated with separate formulations. The error bar 
represents a 95 % confidence interval. 

 

Figure E2. Fraction released from microneedle arrays double coated with separate formulations. The error 
bar represents a 95 % confidence interval. 

 

0%

10%

20%

30%

40%

50%

60%

0 20 40 60 80 100

F
r

a
c

ti
o

n
 r

e
le

a
s
e

d
 o

f 
s
o

d
iu

m
 

s
a

li
c

y
la

te
 (

%
 o

f 
m

a
x

)

Time (min)

H2O (SS)

Kollicoat® IR + Kollicoat® IR (SS)

PEG + PEG (SS)

Sodium Alginate + Sodium Alginate (SS)

0%

10%

20%

30%

40%

50%

60%

0 20 40 60 80 100

F
r

a
c

ti
o

n
 r

e
le

a
s
e

d
 o

f 
s
o

d
iu

m
 

s
a

li
c

y
la

te
 (

%
 o

f 
m

a
x

)

Time (min)

H2O (SS) + H2O (SS)

Kollicoat® IR (SS) + Kollicoat® IR (SS)

PEG (SS) + PEG (SS)

Sodium Alginate (SS) + Sodium Alginate (SS)

 

 



 

28 
 

 

Figure E3. Fraction released from microneedle arrays with some of the fastest formulations in the study.  
The error bar represents a 95 % confidence interval. The results were not statistical significant. 
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