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ABSTRACT 

Formulation of generic sustained release venlafaxine capsules  

Venlafaxine hydrochloride, the salt form of venlafaxine, is a highly water soluble and atypical 

antidepressant for oral administration. As the half-life of venlafaxine hydrochloride is only 

three to seven hours, the necessity for a sustained release dosage form is clear. In order to 

achieve sustained release, polymers need to display certain characteristics to control the 

matrix over an extended time.  

The aim of the project was to develop and formulate sustained release capsules with 

a dissolution profile equivalent or within 5% error to the reference drug, Venlafaxine 

Portfarma®. Various polymers were tested in order to eliminate burst release of the highly 

soluble drug and the properties of all ingredients considered when selecting the proportions 

of the formulations.  

Nine different formulations were prepared, and direct compression used to produce 

the tablets. The influence of different polymer excipients on the active ingredient was 

examined using both soluble and insoluble matrix systems. Three HPMC viscosity grades, 50, 

4.000, 10.000 mPa·s, were utilized in order to see if the rate at which the drug releases was 

dependent on the viscosity. 

The data obtained from in vitro drug dissolution test was evaluated to determine the 

similarity factor between the marketed and optimized product. Out of all formulations the 

formulation containing HPMC and Kollidon SR® gave the highest similarity to the marketed 

product. Additionally, the tablets were tested according to requirements from the European 

Pharmacopoeia to ensure their quality.  
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ÁGRIP 

Formúlering á samheitalyfi fyrir Venlafaxine Portfarma® 

Venlafaxín hýdróklóríð, saltformið af venlafaxíni, er mjög vatnsleysanlegt og sérstakt lyf sem 

gefið er um munn gegn þunglyndi. Helmingunartími venlafaxín hýdróklóríðs er mjög stuttur 

eða einungis þrír til sjö klukkutímar, svo það er mikil nauðsyn fyrir forða verkandi lyfjaformi. 

Til þess að ná fram forðaverkun þarf að velja réttu fjölliðurnar sem hafa þá eiginleika að geta 

stjórnað matrixunni til lengri tíma. 

Markmið verkefnisins var að útbúa forðatöflur með leysnihraðaferil  sem hefur ekki 

meiri en 5% skekkjumörk frá viðmiðunarlyfinu, Venlafaxine Portfarma®. Margar fjölliður voru 

skoðaðar og prófaðar til að reyna að koma í veg fyrir of hraða útlosun lyfsins úr töflunni. 

Eiginleikar allra fjölliða voru skoðaðir vel áður en ákveðið var hvaða hlutföll myndu henta best 

til fromúleringar.   

Níu mismunandi formúleringar voru útbúnar og úr þeim voru handslegnar töflur. 

Mismunandi verkanir fjölliða á leysni virka efnisins voru prófaðar. HPMC afleiður með þremur 

mismunandi segjustigum, 50, 4.000, 10.000 mPa·s, voru prófaðar til að sjá hvort að leysni 

lyfsins væri tengd segjustigi HPMC afleiðanna. 

Niðurstöður sem voru fengnar með in vitro prófunum voru notaðar til að meta 

samrýmanleika (𝑓2) á milli frumlyfsins og samheitalyfsins. Úr öllum formúleringunum sem 

framleiddar voru kom formúlering 9 (FC9) best út, hún innihélt HMPC og Kollidon SR®. Sú 

formúlering var líkust Venlafaxine Portfarma®. Töflurnar voru síðan prófaðar samkvæmt 

evrópsku pharmakopíunni til að tryggja gæði. 
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1. INTRODUCTION  

1.1 Disorders 

Major depressive disorder (MDD) is a primary cause of illness-induced disability in the world 

and contributes to the overall global burden of disease. (WHO, 2017). MDD is characterized 

by the appearance of one or more major depressive episodes which last at least two weeks 

and are defined by low mood that is present nearly every day. These episodes are often 

accompanied by remarkably diminished interest in most activities, low energy and low self-

esteem. MDD is believed to be caused by genetic, psychological and environmental factors. 

However, the chances of developing MDD increases if the individual family has a history of the 

disorder, have experienced major life changes, are taking certain medication or abusing 

substances (NIMH, 2016). 

Generalized anxiety disorder (GAD) is a chronic condition in which the individual 

experiences excessive, uncontrollable worry which often interferes with everyday life. For a 

formal diagnosis the symptoms ought to be constant, current and last for at least six months 

(Kessler & Bromet, 2013; Mead et al., 2008). GAD has been associated with having more than 

one psychiatric illness at a time, better known as comorbidity, with 68% of GAD patients 

reporting to have one or more additional psychiatric illness (Patten et al., 2009). 

1.1.1 Treatment 

Repeated examinations of the brains of individuals with MDD have shown that a great deal of 

subjects have variations in expression levels of markers for the serotonin mechanism such as 

the serotonin transporter (Gryglewski, Lanzenberger, Kranz, & Cumming, 2014; Savitz & 

Drevets, 2013). Furthermore, drugs such as selective serotonin reuptake inhibitors (SSRIs) that 

can inhibit the reuptake of serotonin have often proven to be effective for the treatment of 

MDD (Jakubovski, Varigonda, Freemantle, Taylor, & Bloch, 2016)  

An alternative target for antidepressants is the norepinephrine transporter (NET). 

Recent research indicates that a change in NET number can be observed in MDD subjects 

(Moriguchi et al., 2017). Furthermore, clinical reports show that medication that exhibits dual-

action, inhibiting both serotonergic and noradrenergic transporters, has a larger impact in 

patients with MDD than single-action antidepressants (Jain, 2004). MDD patients who showed 

a lack of response to SSRIs showed improvement when put on serotonin and norepinephrine 

reuptake inhibitors (SNRIs) instead (Perahia, Quail, Desaiah, Corruble, & Fava, 2008).  
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An antidepressants ability to inhibit serotonin transporters has been noted as a 

measure of the treatment effect (Lundberg, Tiger, Landen, Halldin, & Farde, 2012). The 

changes in NET numbers exhibited, in addition to the effect of NET inhibition in patients with 

MDD, inspires further research of NET inhibition in SNRI treatment. (Schou et al., 2004) 

1.2 Venlafaxine 

Venlafaxine hydrochloride (VenHCl), the salt form of venlafaxine, is a highly water soluble and 

atypical antidepressant for oral administration (Fig. 1). Venlafaxine was clinically presented as 

the first dual SNRI for the treatment of MDD in 1993 (Thase et al., 2017). It appears that 

venlafaxine has a greater affinity for the serotonin transporter and shows inhibition at a 30-

fold lower concentration than NET respectively (Ki: 82 nM and 2480 nM) (Bymaster et al., 

2001).  

The pharmacological profile of venlafaxine resembles that of tricyclic antidepressants 

in that venlafaxine and O-desmethyl venlafaxine (ODV), its active metabolite, cause a weak 

inhibition on the reuptake of dopamine. However, venlafaxine does not have an impact on 

muscarinic cholinergic, histamine H1 and adrenergic receptors making it more similar to SSRIs. 

Therefore, venlafaxine does not have the 

same side effects as tricyclic antidepressants 

(Dierick, 1997).   

Venlafaxine inhibits serotonin, 

norepinephrine and dopamine reuptake in 

the body, thus increasing levels of these 

neurotransmitters at the presynaptic 

terminal. This leads to more transmitters at 

the synapse, resulting in increased 

stimulation of the postsynaptic receptors. 

SNRI´s such as venlafaxine primarily act on 

serotonergic and noradrenergic neurons and 

have little to no effect on cholinergic and 

histaminergic receptors. Venlafaxine is more 

potent on the reuptake of serotonin versus norepinephrine. Venlafaxine was first thought to 

be a selective serotonin reuptake inhibitor as this mechanism is activated when the drug is 

 

 

Figure 1.  Venlafaxine hydrochloride 

The structure of venlafaxine hydrochloride, a 

highly water soluble and atypical antidepressant 

for oral administration. 
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given at a dose of 75mg/day. When the dose is increased to 225mg/day, it also shows 

significant effects on norepinephrine reuptake (Saadabadi., 2019). 

1.3 Modified release  

For some drugs fast onset of drug release is undesirable. Modifications can be made in order 

to slow down the drug release profile and extend the drug’s effects. These improved oral drug 

delivery formulations are called modified release systems. There are several types of modified 

release including delayed-release, gastro-resistant and extended-release (Aulton & Taylor, 

2018). Extended-release delivery systems can be further classified into sustained-release and 

controlled-release delivery systems. The main difference between these subclasses is that 

sustained-release maintains drug release over a sustained time but not at a constant rate, 

while controlled-release maintains drug release over a sustained time at a practically constant 

rate (Perrie & Rades, 2009) 

Immediate-release dosage forms can cause high maximum blood concentration, which 

may cause patients to be more likely to encounter adverse effects. Utilizing modified-release 

formulations to lower the maximum blood concentration can reduce the rate and gravity of 

the side effects of some drugs (Aulton & Taylor, 2018). The half-life of VenHCl is only 5 ± 

2 hours, and 11 hours for its metabolite ODV. The necessity for extended release dosage form 

is clear, as well as the formulation being associated with less nausea and dizziness (Gohel & 

Bariya, 2009). 

1.3.1 Sustained release 

Sustained-release dosage forms allow a decrease in dosing frequency, compared to 

immediate release dosage form, by keeping the concentration of the drug within the active 

therapeutic window for an extended period. A drug which is rapidly absorbed and excreted 

can have a steep plasma profile in an immediate-release formulation. This can have a negative 

impact for many patients suffering from chronic diseases such as depression, as symptoms 

reoccur if the blood concentration drops below the minimum effective concentration (Aulton 

& Taylor, 2018). 

Sustained-release systems also improve compliance issues in chronic illness patients. 

Requiring regular intake of pills to treat these diseases frequently causes a lack of compliance 

in the treatment regimen. Resulting in only 50% to 65% of medication for chronic diseases 

being taken as prescribed (Lauffenburger, Landon, & Fischer, 2017). 
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1.3.1.1 Sustained release matrix systems 

A variety of matrix systems can be formulated in order to attain sustained-release. 

Hydrophilic matrix system is one example in which the drug is combined with a water-

swellable, hydrophilic polymer and compressed into a tablet, usually by direct compression 

(Aulton & Taylor, 2018). When the polymer is immersed in the aqueous medium it swells and 

forms a gel layer on the surface of the system. The drug particles can then travel through this 

gel layer via diffusion or erosion of the gel ultimately allowing the drug to be released 

(Maderuelo et al. 2011). The rate limiting step is the diffusion of water through the tablet and 

later hydrated gel. The structure of the gel plays an important role in the rate of hydration. 

Hydrophilic polymer matrixes can be viewed as a network of interconnected polymer stands 

which form a continuous tortuous phase through which water and drug may diffuse. The 

tortuosity of this system is crucial for drug release and can be altered by using polymers of 

various molecular weights or by using cross-linked gels (Aulton & Taylor, 2018). 

Another example of sustained-release matrix system are insoluble polymer matrixes. 

These matrixes are made up of inert polymers that form a matrix system which releases the 

drug via water filled pores. Opposed to hydrophilic matrixes, insoluble polymer matrixes stay 

intact all the way through the gastrointestinal tract. Pore size and number control the drug 

release from insoluble polymer matrixes. The drug release is also considerably affected by 

how the drug is distributed within the system. With time drug release from insoluble matrixes 

decreases due to the growing distance drug molecules must travel to the exterior (Aulton & 

Taylor, 2018). 

1.4 Multiple unit dosage forms 

Oral modified drug delivery systems can be classified into either single-unit dosage forms 

(SUDFs) or multiple-unit dosage forms (MUDFs) (S.Ramu, 2013). MUDFs include pellets, 

granules and mini tablets. MUDFs have many advantages, including improved distribution, 

enhanced bioavailability, facilitated disintegration, and lower risk of systematic toxicity. Mini 

tablets are often loaded into gelatine capsules, administered with a dose dispenser or 

compacted into a bigger tablet that splits into the subunits. The exact parameters of how big 

a tablet needs to be to specify as a mini tablet have not been set but a diameter of 3mm, 

4.5mm and 5mm is most common (Gaber, Nafee, & Abdallah, 2015). 

SUDFs are beneficial from a manufacturing perspective, as these dosage forms can be 

manufactured using standard techniques. Biopharmaceutical disadvantages of these dosage 
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forms are however that they do not disintegrate in the stomach. The dosage form could 

become trapped in the stomach for an extended time period, preventing the drug from 

reaching their site of action. MUDFs may show a more consistent gastric emptying and lower 

risk of dose dumping. Nevertheless, it is harder to manufacture MUDFs and their production 

is difficult to scale-up (Aulton & Taylor, 2018). 

1.5 Polymer Excipients 

Synthetic and natural polymers have had an important influence on the pharmaceutical and 

biomedical industries and their application has increased rapidly. Polymers can be used in 

many vast ways. They are sometimes used as film coatings to mask the unpleasant taste of a 

drug or to enhance drug stability. Polymers can also be applied to modify the release profile 

of a drug (Chauhan et al., 2015). In order to achieve sustained release, polymers need to 

display certain characteristics to control the matrix over an extended time (Kim, 2000). Several 

different types of polymers are available to be used in sustained release drug formulations 

(Maderuelo, Zarzuelo, & Lanao, 2011). 

1.5.1 Methacrylate  

Acrylate polymers are a group of polymers known for their transparency, resistance to 

breaking, and elasticity. Methacrylate’s (Fig. 2A), acrylate monomers, easily form polymers as 

their double bonds are incredibly reactive (Penzel, 2016). Polymethacrylate’s are amorphous 

thermoplastics which have very high transparency and can be easily processed into many 

products. These polymers can be used to extend the release of drugs and to provide a delayed 

release through coating. Polymethacrylates form insoluble matrixes used in extended-release 

systems where the release profile of the drug is controlled by entry of water into the matrix 

or formation of pores through which the drug diffuses (Reza, Quadir, & Haider, 2003). 

Evonik is one of the largest manufacturers of methacrylate polymers and has been 

since 1954. Evonik produces methacrylate polymers that can be adjusted to exactly the drug 

release needed, depending on the polymer’s functional groups, whether it is instant, delayed 

or sustained release (Evonik, n.d.). Polymethacrylate polymers from Evonik, better known as 

Eudragit®, are synthetic polymers acquired by polymerization of acrylic acid and methacrylic 

acid and their esters. The physicochemical properties of the polymer depend on the types of 

monomers and the ratio used. Therefore, different Eudragit grades have different 

physiochemical characteristics depending on their proportion of neutral, acidic or alkaline 

groups (Brunner et al., 2006). Eudragit polymers offer great flexibility in formulations as they 
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can be mixed with a range of excipients to attain nearly any release profile. In addition, 

Eudragit polymers possess great compressibility qualities making them ideal for direct 

compression (Evonik, n.d.). 

1.5.1.1 Eudragit® E PO 

Eudragit E PO is a dimethyl aminoethyl methacrylate-copolymer. It has many pharmaceutical 

applications such as, masking of unpleasant taste, moisture-protective coating, immediate- 

and extended release and producing and stabilizing acidic drugs in solid dispersion forms 

(Fine-Shamir & Dahan, 2019). The particular characteristic given by the existence of carboxylic 

acid groups allows Eudragit E PO polymers to function as gastro-resistant coatings. This 

feature comes from the polymer being insoluble in liquid with a low pH, or the typical 

environment of the stomach, but progressively more soluble as the pH increases to a neutral, 

or the typical environment of the upper part of the small intestine (Aulton & Taylor, 2018). 

Eudragit E PO also protects the active ingredient from moisture and enhances patient 

compliance by ensuring a smooth and glossy surface that makes swallowing of the drug much 

easier (Evonik, n.d.). 

1.5.1.2 Eudragit® RS PO 

Eudragit RS PO is another polymer that Evonik produces. It is an insoluble sustained release 

polymer in powder form. Dissolution properties of the powder consist of low permeability and 

pH-independent swelling (Evonik, n.d.). Eudragit RS PO is an ammonium methacrylate co-

polymer of type B. The difference between type A and type B is the fact that type A has high 

permeability whereas type B has low permeability. Eudragit RS POs copolymer chain is made 

of the monomers randomly distributed along the chain. The polymer consists of methyl-

methacrylate, ethyl acrylate and a small quantity of methacrylic acid ester with quaternary 

ammonium groups (Evonik, 2012). The Eudragit RS is broadly used in extended release coating 

and has between 4.5% to 6.8% of quaternary ammonium groups. Eudragit RS has a low 

chemical reactivity and are therefore ideal for many formulations (Dillen, Vandervoort, Van 

den Mooter, & Ludwig, 2006). 

1.5.2 Ethyl cellulose 

Ethyl-cellulose is a derivative of cellulose (Fig. 2B). Ethyl-cellulose composed of a linear ß-

anhydroglucose backbone with hydroxyl groups attached to it (Davidovich-Pinhas, Barbut, & 

Marangoni, 2016). Some of those groups are converted to ethyl ether groups, the number of 
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ethyl ether groups however can differ depending on the manufacturer. Ethyl cellulose is 

typically hydrophobic in nature and widely used within the biomedical and pharmaceutical 

industry. The use of ethyl-cellulose polymers is rapidly growing, the polymer is biocompatible 

and approved by the Food and Drug administration (FDA) and acknowledged as a safe 

chemical substance (Adeleke, 2019).  

 There are a couple key attributes that make ethyl-cellulose a valuable polymer in drug 

formulations. Though the polymer is insoluble in water, it is soluble in a variety of solvents 

and also compatible with an unusually broad spectrum of resins and plasticizers (Ashland, 

n.d.). Ethyl cellulose has been used in pharmaceutical formulations as a binder, coating agent 

for modified release, to mask unpleasant taste, and in matrix tablets to attain modified release 

(Dürig & Karan, 2019). Ethyl-cellulose has a lower density than other cellulose derivatives, 

enabling it to obtain better coverage and larger volume per unit weight. The key attribute of 

ethyl cellulose is its flexibility over a wide range of temperatures (Ashland, n.d.). 

Aqualon®, ethyl-cellulose (EC) produced by Ashland, is distinguished by its versatility. 

It can be used as a coating agent to prevent reactions with other ingredients and to prevent 

the discoloration of substances that are readily oxidized. Aqualon was developed to display 

enhanced compressibility and good powder flow. The pharmaceutical grades of Aqualon ethyl 

cellulose meet all the monograph requirements of the European Pharmacopoeia (Ashland, 

n.d.)  

1.5.3 Hydroxypropyl methylcellulose 

Hydroxypropyl methylcellulose (HPMC) is a non-ionic water-soluble cellulose ether which is 

made from cellulose (Shin-Etsu, n.d.). It is the most commonly used of the cellulosic polymers. 

The structure of HPMC consists of a cellulose, the most abundant polymer in nature, that is 

partly O-methylated and O-(2-hydroxypropylated) (Fig. 2C). HPMC is commonly used for 

modified-release matrix systems and can easily be applied to form matrix tablets by direct 

blending or through granulation (Li, Martini, Ford, & Roberts, 2005). 

The drug release from HPMC matrix can be explained by the means of its high water 

absorption, rapid swelling and hydration (Hardy et al., 2007). As HPMC fibres relax and 

unwind, hydrogen bonds break and leave large pores enabling the entry of liquid. Inter-

particular wicking caused by the viscous characteristic of HPMC also aids in fluid entry (Vyas, 

Jain, & Khanna, 1989). Eventually these pores are obstructed by the swelling of HPMC thereby 

decreasing the drug release. The polymer makes a swollen gel layer which controls the release 
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of the drug by diffusion (Aulton & Taylor, 2018). The thickness of the gel layer is in direct 

proportion to the amount of HPMC used and its molecular weight (Kumar et al., 2007).  

HPMC is categorized into several different grades according to its molecular weight. 

The difference in molecular weight of the HPMC affects the release of the drug. In most cases 

higher molecular weight grades are utilized for highly soluble drugs while lower molecular 

grades are used for low-solubility drugs (Divya Tewari, 2017). Swelling of polymer matrixes 

and drug release from them are dependent on the molar mass of HPMC. HPMC is not 

influenced by fluctuations in the pH of the environment due to the non-ionic structure of the 

excipient (Asare-Addo et al., 2013). Compared with other swelling polymers used to prolong 

the release of drugs, HPMC is most commonly used due to its fast wetting, good 

compressibility and gelation properties (Salsa, Veiga, Teixeira-Dias, & Pina, 2003).  

1.5.3.1 Effects of viscosity 

Rahman et al. (2011) investigated the effects of various viscosity grades of HPMC on modified 

release matrix systems. The study used diclofenac sodium, an anti-inflammatory drug, as the 

active substance and different HPMC viscosity grades included K100M, K15M, K4M and 

K100LV. The results revealed a significant variation in drug release from the different matrixes. 

The higher viscosity HPMC released the drug more slowly than lower viscosity grades as higher 

viscosity grades of HPMC can reinforce the gel layer and retard the diffusion of water into the 

matrix core. The rate of drug release was noticeably dependent on the viscosity grade of 

HPMC as it displayed a notable rise in drug release with lower viscosity grades (Rahman et al., 

2011). According to Nikhodishi et al. (2012) Methocel® K4M and K100M from The Dow 

Chemical Company are the best types of HPMC for sustained release preparations (Nokhodchi, 

Raja, Patel, & Asare-Addo, 2012). 

1.5.4 Kollidon® SR 

Kollidon SR is a physical mixture of two polymers, a powder that consists of polyvinyl acetate 

(80%, w/w) and polyvinylpyrrolidone (20%, w/w) (Fig. 2D and 2E). The excipients main 

component, water insoluble polyvinyl acetate gives it a distinctive characteristic of retaining 

tablets geometric form throughout a dissolution test. (Draganoiu, Andheria, & Sakr, 2001). 

Kollidon SR is readily applied for a variety of different drugs (Siepmann, Eckart, Maschke, 

Kolter, & Siepmann, 2010). As a non-hygroscopic, spray dried powder Kollidon SR holds 

remarkable flow properties because of its nearly spherical particle shape and can enhance the 

powder flow of other excipients in a formula. Kollidon SR is an excellent excipient for direct 
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compression due to its excellent flowability and high compressibility obtained from the very 

plastic polyvinyl acetate and polyvinylpyrrolidone stable binding ability (Bühler, 2008). 

Direct compression is recommended in order to produce sustained release matrix 

tablets based on Kollidon SR. The solubility of the active ingredient and its particle size dictate 

the amount needed in order to produce a sustained release tablet. The greater the solubility 

the higher the need of Kollidon SR. Sustained release tablets based on Kollidon SR are 

independent of pH, ionic strength and compression strength for the release of the active 

ingredient (Bühler, 2008). 

1.5.4.1. Polyvinyl acetate 

Polyvinyl acetate is an atactic, highly branched, thermoplastic homopolymer prepared from a 

vinyl-acetate monomer via free-radical polymerization. It is a homopolymer which shows 

good resistance to UV light and oxidation (Polymer-Properties-Database, 2018). Polyvinyl 

acetate is insoluble and does not show swelling characteristics as many other extended 

release polymers. Although the polymer is water insoluble, it is still a little bit hydrophilic and 

can absorb water to a slight extent. Polyvinyl polymers such as polyvinyl acetate, are widely 

used excipients in formulations of oral-controlled release tablets (Gonzalez Novoa et al., 

2005). The self-sealing trait of polyvinyl acetate is essential to prevent instant release and 

prevent any dose dumping (Ensslin, Moll, Haefele-Racin, & Mader, 2009). Polyvinyl acetate 

has been repeatedly tested and shown satisfactory results in controlling the release of various 

chemicals, including venlafaxine (Gonzalez Novoa et al., 2005). 

1.5.4.2. Polyvinylpyrrolidone 

Polyvinylpyrrolidone, also known as povidone, comes in two forms. A soluble povidone and 

an insoluble crospovidone. Povidone is a product of polymerisation of N-vinylpyrrolidone in 

water with the presence of 2-propanol and is made using a free radical mechanism. Povidone 

was patented in 1939 and has since been widely used as a binder for capsules and granules, a 

taste masking agent in chewable tablets, and to decrease toxicity (Folttmann & Quadir, 2008). 

Both povidone and crospovidone are used in pharmaceutical applications and have 

been approved by the FDA as inactive ingredients, therefore considered safe. Crospovidone is 

a cross linked povidone with a bifunctional monomer and is made with alkali hydroxide at one 

hundred degrees Celsius in water. Crospovidone is commonly used as a disintegrant for tablet 

formulations. Povidone on the other hand has been used as a pharmaceutical excipient in 
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many different ways and are commonly used in pharmaceutical manufacturing on account of 

its ability to dissolve in both water and oil solvents (Awasthi et al., 2018). 

In Kollidon SR, povidone forms pores due to its water solubility. This forms a diffusion 

release mechanism which is important for the drug release from the matrix (Draganoiu, 

Andheria, & Sakr, 2001). 

1.6 Generic drugs 

Generic drugs are medications created to act as an alternative for an already existing brand 

name drug and have the same therapeutic benefits. According to the European medicines 

academy (EMA) the generic drug has to be the same regarding the route of administration, 

safety, quality, performance, intended application, dose and dosage form. Generic and 

original drugs share the same active ingredient but other characteristics that will not influence 

the performance, efficiency or safety of the generic drug product may be changed (EMA, n.d.). 

Generic drugs are often cheaper than the original drug product due to the fact that generic 

drug companies are not obligated to go through clinical trials. The main reason for this is that 

data on the safety and efficiency of the active substance previously exist. Since this 

information already exists, pharmaceutical manufacturers solely need to test the quality of 

the generic drug product and prove that it generates the same levels of the drug in the body 

as the reference medicine (FDA, 2018). 

  



 

11 
 

 

 

 

A 

 

B 

 

 

C 

 

 

 

 

D 

 

E 

Figure 2. Structures of different excipients 
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2. AIM 

According to EMA a generic drug has to be able to substitute the original drug and have the 

same clinical benefits. The generic drug has to meet the requirements set by EMA as discussed 

in chapter one. Furthermore, the inactive ingredients do not need to be identical, but all must 

be approved by EMA. 

The aim of this project was to develop and formulate a generic sustained release capsule 

containing three tablets. This was done by creating a multi-unit dosage form consisting of 

subunits where each unit contains the drug substance. Due to the high solubility of the active 

pharmaceutical ingredient, VenHCl, the challenge was to develop a formulation that 

eliminates the burst release of the drug.  

The primary aim was to design capsules with a dissolution profile equivalent to the 

reference drug, Venlafaxine Portfarma®, or with a 5% margin error. The amount of drug 

released at given times were chosen as dependent variables. Furthermore, the tablets 

produced using the optimized formulation were to meet the criteria of the following European 

Pharmacopeia tests: 

• Disintegration of tablets and capsules  

• Uniformity of mass of single dose preparations 

• Uniformity of content of single dose preparations 

• Dissolution 

• Friability of uncoated tablets 

• Resistance to crushing 
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3. RESEARCH PLAN 

BS Projects-2020– Research plan: 

Names of students Benjamín A., Helena H., Lukasz B., Markús L. 

Names of supervisors Bergþóra S. S., Trausti P. 

 

Project name 

Formulation of generic sustained release venlafaxine capsules 

Brief description of the project:  

The main goal of this project is to design and formulate a generic slow release capsule 

containing three tablets. The drug is designed to use as an antidepressant or anxiolytic. 

The active pharmaceutical ingredient (API) in the comparison drug Venlafaxine 

Portfarma® is venlafaxine. The primary aim is to design capsules equivalent to the 

comparison drug within 5% error and to perform following Ph.Eur. tests: Disintegration of 

tablets and capsules, Uniformity of mass of single dose preparations, Uniformity of 

content of single dose preparations, Dissolution, Friability of uncoated tablets and 

Resistance to crushing. 

Milestones - marking progress in the project.  

January 

• M1: 15. January - Complete the research plan. 

• M2: 23. January - Create standard curve. 

• M3: 24. January - Perform quality tests on Venlafaxine Portfarma®. 

• M4: 27. January - Begin pre-formulation and tableting. 

February 

• M1: 05. February - Complete processing of data for the comparison drug and 

calculate acceptable deviations for the drug. 

• M2: 07. February - Perform quality tests on the drug product. First draft of Master 

File and Standard Operating Procedures. 

• M3: 19. February - Finish first draft of final report. 
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March 

• M1: 09. March - Create multilayer tablets and perform dissolution tests. 

• M2: 16. March - Tableting of modify formulations. 

• M3: 18. March - Final changes to the formulations.   

• M4: 20. March - Tableting of final formulation using the Master File. Conduct 

dissolution and disintegration tests on the final drug product. 

April 

• M1: 03. April - Finish processing all the data.  

• M2: 17. April - Draft of final report. 

• M3: 23. April - Go over the final report and turn it in. 

Schedule:  

January 2020 

 

15. January - MLS will calculate and determine which dilutions to use for the standard 

curve.  

16. January - HH and LB will obtain all the information needed on the API and excipients 

including pH, pKa and dissolution medium. BA will determine the composition of the 

buffer for the dissolution test and at which wavelength venlafaxine is detectable. 

 

24. January - BA and MLS will make the standard curve and HH and LB will start preparing 

and conducting the dissolution test. The dissolution test will be performed for each of the 

three tablets individually in order to determine if they have identical formulations and for 

the capsules with its three tablets collectively.  

 

27. January - Start processing the data collected during the testing and continue research 

for the project.  

 

28. January - HH and BA will refine the drug formulation according to the results obtained 

from performing tests on the comparison drug. MLS and LB will finish the first draft of the 

Master File and Standard Operating Procedures. 
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29. January - Begin tableting pilot-test. Begin making two different formulations in order 

to see which formulation is more suitable and continue developing the formula according 

to the outcome. BA and HH will start tableting using formulation #1 and LB and MLS from 

formulation #2 

 

31. January - Finish first draft of the introduction.  

February 2020  

 

05. February - Perform quality tests on the tablets made from the first two formulations. 

The goal is to produce a drug tablet that is within 5% deviation from the comparison drug. 

If concluded that the results do not meet those requirements changes will be made to the 

formulations according to the results. The first half of samples will be taken from the 

dissolution test by HH and LB and the second half by BA and MLS. 

 

07. February - Work on the data and report. Have all the data for the comparison drug 

processed and start on the data for the generic drug product.  

 

14. February - Make two additional formulations and start tableting formulation #3 and 

#4. Second draft of Master File and Standard Operating Procedures. 

 

17. February - Perform quality tests on the tablets made from formulation #3 and #4. 

 

20. February - Process data for the third and fourth drug product. 

 

21. February - Hand in first draft of final report.  
 
March 2020 

 

03. March - Work on research plan #2 

 

04. March - Finish and turn in research plan #2 
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09. March - Prepare a variety of multilayer formulations and perform dissolution tests on 

these formulations. Each member will prepare their own formulation, but the dissolution 

test will be performed as a group.  HH and LB will take the first five samples for the 

dissolution test. BA and MLS will take the last four. 

 

11. March - Process data for the multilayer tablets and determine which formulations 

show the most similarity to the comparison drug. These formulations will be further 

refined in order to increase the similarity to the reference and acquire less than 5% error. 

 

16. March - Start tableting of modified formulations and perform dissolution tests on 

these formulations.  HH and LB will take the first five samples for the dissolution test. BA 

and MLS will take the last four. 

 

17. March - Have a meeting with supervisors and make final changes in the formulations 

and alterations to the report. 

 

18. March - Final tableting of formulations and dissolution test. Determine which 

formulation to use as the final generic drug product. Test the Master File.  

 

19. March - Prepare solutions for the dissolution test on the 20th of March. BA and LB will 

prepare the acidic solution while HH and MLS will prepare the basic solution. 

 

20. March - Tableting of final formulation while using the Master File. Conduct dissolution 

and disintegration tests on the final drug product at a gastrointestinal pH and at a more 

alkaline pH. Additionally, further quality tests will be performed. BA and HH will perform 

the dissolution test while LB and MLS perform the remaining quality tests. 

 

27. March - Work on the report and data and have the final draft of the Master File. 

 

30. March - Possibly use a flow-cell to evaluate the absorption of the drug through a 

membrane and HPLC to test the uniformity of content. Hand in second draft of the report. 

April 2020  
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01. April - Final touches on the abstract and set up the citations needed. 

 

03. April - Finish processing all data, all the formulations including the final one which is 

the most similar to Venlafaxine Portfarma®. 

 

05. April - Adjust the report. Speculate from the data if the drug product is up to 

standards.   

 

06. April - Turn in third draft of the report.  

 

8. April - Start writing discussions and continue working on the results and conclusion. 

 

15. April - Make final touches to the report. Ensure that there are no grammatical errors, 

and everything is as it should be. 

 

17. April - Turn in final draft of the report.  

 

24. April - Finish and hand in the report. 
 
Are all facilities, data, equipment, tools and / or materials available to complete the 

project? 

Yes 

Key uncertainties 

Compensate for not being able to film coat the tablets. 

Which polymer to use to achieve an equivalent dissolution curve. 
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4. MATERIALS AND METHODS 

4.1 Materials 

Table 1. Chemicals used in this project 

Chemical Manufacturer  Lot. No. 

Aqualon EC-T10 Ashland  44220 

Eudragit E PO Evonic Röhm R15073 

Eudragit RS PO Evonik Degussa R11264 

Kollidon SR N.A. R14668 

Magnesium Stearate Peter Greven C116365 

Methocel K4M N.A. R13058 

Metolose 60SH-50 ShinEts 6028066 

Metolose 60SH-10000 ShinEts 5038055 

Venlafaxine hydrochloride N.A. R-14258 

Deionized water (15Mohm) ELGA LabWater N.A. 
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Table 2. Instruments/Equipment 

Instrument/Equipment Type Manufacturer 

Analytical scale AB204-S Mettler Toledo 

ELGA deionized water system OPTION S-7 ELGA LabWater 

Disintegration Tester  DZT Erweka 

Disposable Syringes 5/6 mL Kruuse 

Dissolution apparatus (type II) 2100 C Distek 

Dissolution apparatus (type II) RC-6D Vanguard Pharmaceutical 

Machinery INC. 

Lower punch  7.0 mm N.A. 

Middle die 7.5 mm N.A. 

pH meter N.A. LLG Labware 

Scale PM4800 Mettler Toledo 

Sieve 315 µm Fritsch 

Syringe filter 0.45 µm GVS filter technology 

Syringe filter 0.45 µm Phenomenex 

Tablet Hardness Tester YD-2 Vanguard Pharmaceutical 

Machinery INC. 

Tablet Friability Test Instrument PTF E Pharma Test 

Tableting Machine Model 1 Jorgen Jorgensen 

Upper punch  7.5 mm N.A. 

UV High precision Cell/Cuvette 10 mm Hellma Analytics 

UV-Visible Spectrophotometer  Ultrospec 2100 pro Amersham Pharmacia Biotech 

UV-Visible Spectrophotometer  Genesys 150 Thermoscientific 

 



 

20 
 

4.2 Methods 

4.2.1 Preparation of solutions  

4.2.1.1 Preparation of calibration standards  

A 1.5 mg/mL venlafaxine master stock solution was prepared in deionized water using 169.7 

mg of VenHCl which equates to 150 mg of venlafaxine. The master stock was then further 

diluted into a 25 mL volumetric flask with deionized water (1:5, v/v) to make the first 

calibration standard with a concentration of 0.3 mg/mL. The second calibration standard was 

prepared by diluting 15mL of calibration standard 1 with deionized water (1.5:2.5; v/v). 

Further dilutions were made as can be seen in table 3. The light absorbance was measured at 

wavelength of 274 nm, the maximum absorption of VenHCl, and plotted against each 

individual concentration (Ardeshna et al., 2012). Ultrospec 2100 pro and Genesys 150 

spectrophotometer were used to measure the absorbance (calibration curves can be seen in 

appendix A).  

Table 3. Calibration standard dilutions and concentrations 

Calibration standard (CS) nr. Dilution (v/v) Concentration (µg/mL) 

CS1 1:5 300 

CS2 1.5:2.5 180 

CS3 1:2.5 72.00 

CS4 1:2.5 28.80 

CS5 1:2.5 11.52 

CS6 1:2.5 4.61 

CS7 1:2.5 1.84 

CS8 1:2.5 0.74 
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4.2.2 Selection of polymers 

Various polymers were tested in order to eliminate burst release of the highly water-soluble 

drug VenHCl. Numerous studies were reviewed, and various polymers chosen for testing. 

Polymers both recommended for highly soluble drugs like venlafaxine and polymers 

commonly used for extended release were selected. Specifically, Kollidon SR®, HPMC of 

different viscosity grades, Eudragit® and ethyl cellulose were chosen. The influence of these 

polymers on the release profile of the drug was then examined in order to find the ideal 

amount and combination of polymers to attain a release profile equivalent to the reference 

drug, Venlafaxine Portfarma®. 

4.2.3 Preparation of Powder and Tableting 

4.2.3.1 Direct compression  

Direct compression was used for all formulations. However, two different mixing methods 

were utilized. For formulation FC1 and FC2 the active substance and excipients were weighed 

and placed in a bowl. Thereafter, the active drug substance was thoroughly mixed with the 

powdered excipients. No lubricant was used for these formulations.  

Formulations FC3 to FC9 were prepared differently. The active substance and all 

excipients except for magnesium stearate were weighed and mixed thoroughly. The powder 

was then sieved using a 315 µm mesh after which the lubricant was added. The formulation 

was finally mixed and milled again.  
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Table 4. Formulations with excipients resembling the marketed drug and different HPMC 

viscosity grades 

Ingredients (mg) Formulation code (FC) 

 FC1 FC2 

VenHCl 56.6 56.6 

Metolose (HPMC) 60SH-50 100 - 

Metolose (HPMC) 60SH-10000 - 100 

Eudragit RS PO 44 44 

Eudragit E PO 19.4 19.4 

Tablet weight (mg) 220 220 

 

Table 5. Formulations comparing polymer excipients 

Ingredients (mg) Formulation code (FC) 

 FC3 FC4 FC5 FC6 

VenHCl 56.6 56.6 56.6 56.6 

Aqualon 161.2 - - - 

Metolose (HPMC) 60SH-10000 - 161.2 - - 

Eudragit RS PO - - 161.2 - 

Kollidon SR - - - 161.2 

Magnesium Stearate 2.2 2.2 2.2 2.2 

Tablet weight (mg) 220 220 220 220 
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Table 6. Formulations comparing different HPMC viscosity grades 

Ingredients (mg) Formulation code (FC) 

 FC8 FC9 

VenHCl 56.6 56.6 

Metolose (HPMC) 60SH-10000 - 53.75 

Methocel (HPMC) K4M 53.75 - 

Kollidon SR 107.45 107.45 

Magnesium Stearate 2.2 2.2 

Tablet weight (mg) 220 220 

4.2.3.2 Multi-layer 

One multilayer formulation (FC7) was prepared. The active substance and excipients for each 

layer were weighed and mixed separately. The powder for each layer was sieved using a 

315µm mesh and the lubricant added thereafter. The powders were mixed and milled again 

before beginning the tablet compression. First the powder for layer one was filled into the die 

and lightly pressed. Then the powder for the second layer was added and the tablet fully 

compressed. 

Table 7. Multi-layer formulation 

Ingredients (mg) Formulation code (FC) 

 FC7 

 Layer 1 Layer 2 

VenHCl 28.3 28.3 

Metolose (HPMC) 60SH-10000 80.6 - 

Kollidon SR - 80.6 

Magnesium Stearate 1.1 1.1 

Tablet weight (mg) 220 
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4.2.3.3 Tableting 

The tablets of each formula were punched manually using a single punch tablet press. The 

upper punch and middle die had a diameter of 7.5 mm however only a 7.0 mm lower punch 

was available. About 10 percent in excess was made for each formulation. The die was filled 

by hand using a spatula and the tablet press adjusted as needed. Before tableting the die, 

upper and lower punches were brushed with magnesium stearate in order to avoid sticking to 

the mechanical equipment and improve quality control. The tablets were weighed after 

tableting and the mass of each tablet noted.   

4.2.4 Production Master 

After the optimized formulation was chosen instructions were made to provide information 

about the production and control of manufacturing process. The chapters included in the 

Production Master are: Preparation for production, summarizing the equipment, devices and 

personal protective equipment needed. As well as cleaning and calculations that need to be 

performed before the production can begin. Sieving and weighing, detailing the materials that 

need to be weighed and their order. Mixing, describing the mixing process in detail. Tableting 

process and measurements, describing how to adjust the tableting machine as well as 

measurements that need to be performed and cleaning. Finally, it includes a Certificate of 

Analysis (CoA) which should be filled out after each production (see appendix B). 

4.2.5 Evaluation of Powder 

4.2.5.1 Bulk density 

The bulk density test was performed according to the European Pharmacopoeia. Before 

performing the test, the powder was gently sieved with a 1.0 mm mesh to separate 

agglomerates that may have formed with time. The powder was weighed to 100 g with 0.1 

percent accuracy and then gently placed into a dry 250 mL granulated cylinder without 

compacting. The unsettled apparent volume (V0) was noted and the bulk density calculated in 

grams per millilitre using formula 1 dividing the mass (M) by the volume (V0) (EDQM, 2020a). 

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉0
         (1) 

4.2.5.2 Tapped density 

The tapped density was measured according to the European Pharmacopoeia. Proceeded 

from the bulk density test, the granulated cylinder was tapped firmly 10, 500 and 1250 times 
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and the corresponding volumes V10, V500 and V1250 noted. The tapped density was 

calculated in grams per millilitre using formula 2 dividing the mass (M) by the volume (V0). 

Furthermore, the Compressibility index and Hausner ratio were found using formula 3 and 4 

(EDQM, 2020a, 2020b). 

𝑇𝑎𝑝𝑝𝑒𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉𝑓
        (2) 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =
100 (𝑉0−𝑉𝑓)

𝑉0
      (3) 

𝐻𝑎𝑢𝑠𝑛𝑒𝑟 𝑅𝑎𝑡𝑖𝑜 =  
𝑉0

𝑉𝑓
        (4) 

4.2.5.3 Angle of repose 

The angle of repose was found using an unconventional method. One spoonful of the powder 

was placed on one end of an iron board which was held against the vertical measuring bar. 

The iron board was then slowly moved upwards and stopped as soon as the powder started 

to flow. The angle of repose was calculated using formula 5 were A is the vertical bar and B 

the horizontal bar (EDQM, 2020b). 

𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑝𝑜𝑠𝑒 = 𝑡𝑎𝑛−1 (
𝐴

𝐵
)      (5) 

4.2.6 Evaluation of tablets 

4.2.6.1 In Vitro Dissolution Test  

The dissolution test was performed according to the European Pharmacopoeia. 

Recommendations about the dissolution medium, rotation speed and sampling points were 

taken from the United States Pharmacopeia (USP) and FDA. The dissolution medium was 

deionized water with a pH of 6.4-7.2. The water bath of the paddle apparatus was filled, and 

its temperature set to 37 ± 0.5°C. Each glass vessel was filled with 900 mL of deionized water, 

that had previously been pH measured, and the rotational speed was set at 100 rpm. The 

recommended agitation speed is 50 rpm but may be increased if appropriate (FDA, 2010). Due 

to limited time an agitation speed of 100 rpm was chosen as it may accelerate the dissolution.   

After the dissolution medium had reached 37 °C the content of one capsule was placed 

in each vessel and the paddles lowered into the medium. A syringe was used to collect 5 mL 

samples halfway between the surface of the fluid and the blade, and about 1 cm from the 
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vessel wall. Following suggestions from the FDA nine samples were collected. Samples were 

collected at 30, 60, 120, 180, 240, 420, 600, 780 and 1380 minutes and filtered with a 0.45µm 

syringe filter (FDA, n.d.).To maintain the same volume, an equal amount of deionized water 

was added for each sample taken from the vessel. The remaining liquid in each vessel was 

measured after the dissolution test was complete. Finally, the concentration of the sample 

was obtained using a UV-spectrophotometer and the light absorbance of each sample 

measured at wavelength 274 nm (EDQM, 2020c). The concentration of venlafaxine for each 

sample was found using the calibration curve. In order to calculate the mass of venlafaxine 

(M) at a given time the overall volume (Voverall), concentration of the sample (C), volume of 

one sample (Vsample) and the concentrations of all samples collected prior were used. See 

equation 6 as an example for the mass at 240 minutes: 

𝑀240 𝑚𝑖𝑛 = 𝐶240 𝑚𝑖𝑛 × 𝑉𝑜𝑣𝑒𝑟𝑎𝑙𝑙 +  (𝑉𝑠𝑎𝑚𝑝𝑙𝑒 × (𝐶30 𝑚𝑖𝑛 + 𝐶60𝑚𝑖𝑛 + 𝐶120 𝑚𝑖𝑛 + 𝐶180 𝑚𝑖𝑛)  (6) 

The last sample taken was corrected according to the remaining volume in the vessel 

after the dissolution test had been completed rather than the overall volume. 

The number of vessels operated for each formulation varied according to availability. 

The dissolution test for the reference and final batch nevertheless were performed in a 

minimum of six vessels simultaneously. 

The similarity factor was also calculated using equation 7. In the equation ƒ2 is the 

similarity factor, n is the number of time points, R(t) is the average percent of the reference 

drug released at time t; T(t) is the mean percent of the test drug released at time t. 

ƒ2 = 50 × 𝑙𝑜𝑔10  [
100

√1+
∑ (𝑅𝑡−𝑇𝑡)2𝑛

𝑡=1
𝑛

]    (7) 

If the ƒ2 value is equal to 100 it implies that the test and reference drug release profiles 

are identical. The ƒ2 value exponentially decreases as the two profiles become less similar. 

Guidelines published by regulatory authorities such as the FDA state that f2 values greater 

than 50 confirm the “sameness” or “equivalence” of the two release profiles (Freitag, 2001). 
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Table 8. Dissolution Setup 

Dissolution setup 

Medium Water; 900 mL 

Apparatus Type 2; 100 rpm 

Temperature  37.0 °C ± 0.5 °C 

Sampling points 30, 60, 120, 180, 240, 420, 600, 780 and 

1380 minutes; 5 mL samples 

 

4.2.6.2 Content Uniformity Test 

Uniformity of content of single dose preparation was carried out according to the European 

Pharmacopoeia. The contents of ten capsules chosen at random was crushed using a mortar 

and pestle and the powder obtained placed in 25 mL volumetric flasks. The flasks were filled 

approximately 70% with deionized water and sonicated for about 60 minutes to ensure that 

the substance had dissolved. Thereafter, the flasks were filled to the mark and the contents 

filtered through filter paper. The solutions were diluted 50 fold to allow their light absorbance 

to be measured. The mass of venlafaxine was found using the same calibration curves as the 

dissolution test (see appendix A, Fig.A2). The requirements for the test are that the mass of 

the active substance for each dose should be within 15% deviation from the average and not 

more than one capsule can be outside these boundaries. No capsule should have more than 

25% deviation (EDQM, 2020d). 

4.2.6.3 Mass Uniformity Test  

The mass uniformity test was performed according to the European Pharmacopoeia. Twenty 

capsules were taken at random and the mass of their content found using an analytical scale. 

The average weight was calculated along with the percentage deviation. The European 

Pharmacopoeia criteria was used to see if the production met the requirements. For tablets 

with a mass greater than 250 mg, the deviation may be over 5% for a maximum of two tablets. 

If one tablet has more than 10% deviation the production does not meet requirements 

(EDQM, 2020e).  
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4.2.6.4 Disintegration Test 

The disintegration test was performed according to the European Pharmacopoeia using a 

basket-rack assembly consisting of six open ended tubes and a sieve at the lower end. One 

capsule (containing three tablets) and one plastic disk were placed in each compartment and 

immersed in a 37 ° C warm water bath. The basket was raised and lowered in the immersion 

fluid at a continuous frequency rate between 29 and 32 cycles per minute using a specialized 

device. As soon as the capsules went into the water a stopwatch was initiated. According to 

the European Pharmacopoeia there are no limits to how fast tablets should disintegrate, it is 

the manufacturer's responsibility to set boundaries for the production (EDQM, 2020f). 

4.2.6.5 Tablet Friability Test  

Friability test was done according to the European Pharmacopoeia. Ten tablets are required 

for the test if the overall mass of the tablets is over 650mg. Thirty tablets were used as each 

dosage unit contains 3 tablets with a collective mass of 660 mg. They were cleaned thoroughly 

to remove possible loose powder on their surface, weighed and placed in the drum. The 

instrument drum was rotated 100 times, after which the tablets were removed. The tablets 

were cleaned again and weighed. After the friability test the weight loss of the tablets must 

not exceed 1% for the production to pass the test. If any tablet has obviously cracked, broken 

or cleaved after tumbling the production fails the test (EDQM, 2020g). 

4.2.6.6 Tablet Crush Resistance Test 

The crushing resistance measurement was performed according to the European 

Pharmacopoeia. Ten randomly chosen tablets from the final production were selected and 

their crushing resistance measured with an automatic hardness meter. The tablet was placed 

vertically in the meter and force applied until the tablet broke. For each measurement the 

tablet was placed into the apparatus identically with respect to the direction of the applied 

force. The force needed to disrupt the tablets was noted. The European Pharmacopoeia does 

not specify limitations for hardness of tablets, the manufacturer indicates the limits for the 

production (EDQM, 2020h). 

4.2.6.7 Appearance and Diameter of Tablets  

The tests were conducted according to the European Pharmacopoeia. The appearance of ten 

randomly selected tablets from the final production was reviewed and a description of them 

noted. The diameter of the tablets was also measured and noted. This is carried out to ensure 

that the tablets meet quality and uniformity requirements. 
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4.2.7 Mechanism of Drug Release 

The drug release mechanism was identified by fitting the dissolution data into several kinetic 

equations such as zero-order, first-order, Higuchi, Hixon-Crowell and Korsmeyer-Peppas and 

finding the R and n values of the dissolution profile equivalent to each model (Bruschi, 2015). 
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5. RESULTS 

5.1 Comparison of individual tablets  

The reference drug, Venlafaxine Portfarma®, contains three individual tablets within each 

capsule, therefore it was essential to determine whether the formulation of each individual 

tablet is identical. A dissolution test was performed to compare the individual tablets. After a 

dissolution test of about 22 hours, see Fig. 3, it appears that all three tablets within one dosage 

unit have an almost identical dissolution profile. Each of the sampling points taken at similar 

times were within 5.5% error of each other.  

 

Figure 3. Dissolution of individual tablets of Venlafaxine Portfarma®  

The dissolution of individual tablets of Venlafaxine Portfarma®, where the mass (mg) of venlafaxine 

released is plotted against time (min). 

5.2 Evaluating the influence of the coating  

Two 220 mg tablets of the marketed drug were pulverized, and the powder used to punch one 

220 mg tablet. This was done to examine the impact of the film coating of the marketed drug 

and to evaluate its influence on the dissolution rate. In comparing the dissolution profile of 

the re-compressed tablet to an individual unimpaired tablet it can be observed that their 

dissolution profiles are similar with the recompressed tablet even displaying a slightly slower 
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drug release. This indicated that the coating objective was not to further reduce the 

dissolution of venlafaxine (Fig. 4).  

   

Figure 4. Dissolution of the re-compressed and unimpaired tablet 

 The dissolution of the re-compressed and unimpaired tablet. The mass (mg) of venlafaxine released 

is plotted against time (min). 

5.3 Mechanism of Drug Release 

The dissolution data was fitted into different release kinetic models in order to obtain which 

model best fits the dissolution data. The best model was selected based on the correlation 

coefficient value (R2). Individual tablets within the reference drug followed a zero-order 

release. However, the reference drug containing its three tablets did not follow a zero-order 

release pattern. The reference drug was best expressed by Korsmeyer et al.’s equation and 

showed a linearity of R2: 0.9676, with slope (n) value of 0.4793 (Fig. 5) (Korsmeyer, Gurny, 

Doelker, Buri, & Peppas, 1983). The slope value respectively indicates a pairing of diffusion 

and erosion mechanisms, otherwise known as anomalous diffusion. The formulations intricacy 

suggest that the drug release could be controlled by more than one mechanism of release. 
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Figure 5. Venlafaxine Portfarma® expressed by Korsmeyer-Peppas Model 

Reference drug expressed by Korsmeyer-Peppas Model, were the log % of drug released is plotted 

against the log of time in hours. 

5.4 Formulations 

5.4.1 Excipients resembling the marketed drug 

The first two formulations (FC1 and FC2) were made to resemble the reference drug. The 

marketed drug implements two types of methacrylic polymers, one in the tablet matrix and 

the other as a coating. It also contains HPMC, yet not specified which viscosity grade. Similar 

excipients were used in order to try to get a similar dissolution profile (Table 4). For each 

formulation a different HPMC viscosity grade was chosen, one with relatively high viscosity 

and the other with low viscosity. The mean mass of the drug dissolved was compared with the 

dissolution profile of marketed drug product, Venlafaxine Portfarma® 150 mg (See appendix 

C). It was evident that none of the measurements fell within the acceptable deviation of the 

marketed drug (Fig. 6). Additionally, the dissolution profile for the distinct viscosity grades was 

similar, implying that in this formulation increasing the viscosity grade of HPMC does not 

result in further retardation of release of the water-soluble drug. Despite both formulations 

not meeting the criteria the dissolution profile was not far from the reference. It was not clear 

which excipient had the desired effect thus, the next step was to investigate individual 

excipients.  
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Figure 6. The average dissolution profile of FC1 and FC2 

The average dissolution profile of FC1 and FC2 compared to the average dissolution of the reference 

drug, Venlafaxine Portfarma®, where each sampling point of the reference displays a 5% error bar. 

 

5.4.2 Comparing polymer excipients 

Four different formulations were created using a single polymer in order to observe the 

influence each polymer had on the dissolution of the active ingredients. One percent (w/w) of 

magnesium stearate was added in order to improve powder flow (Table 5). The polymers 

tested were following: Aqualon (FC3), HPMC 60SH-10000 (FC4), Eudragit RS PO (FC5) and 

Kollidon SR (FC6). The venlafaxine dissolution curve with the different polymers showed a 

clear difference in drug release between the polymer types (Fig. 7). Moreover, the diverse 

swelling behaviour of the different formulations clearly displayed that each polymer has a 

distinctive physical nature. It was observed that Aqualon and HPMC showed swelling to some 

extent throughout the dissolution test, although less than Eudragit which showed significant 

swelling in the dissolution medium. Kollidon SR tablets showed no swelling but rather 

maintained the tablets geometric form throughout the dissolution test. This is a unique 

feature of Kollidon SR and associated with its water insoluble component, polyvinyl acetate, 

which accounts for 80% (w/w) of the powder mixture. Whilst the water soluble povidone (20% 

w/w), is responsible for the formation of pores resulting in a diffusion controlled release of 

the drug (Draganoiu et al., 2001).  
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Figure 7. Dissolution profile of FC3, FC4, FC5 and FC6 

Dissolution profile of Aqualon® (FC3), HPMC 60SH-10000 (FC4), Eudragit® RS PO (FC5) and Kollidon SR® 

(FC6) compared to the average dissolution of the reference drug, Venlafaxine Portfarma®, where each 

sampling point of the reference displays a 5% error bar. 

The in vitro dissolution results were compared with the reference drug product and it 

was clear that the Eudragit (FC5) and Aqualon (FC3) tablets released the active substance 

rapidly and did not fall within 5% deviation of the reference drugs dissolution profile. The 

formulations containing HPMC (FC4) and Kollidon SR (FC6) seemed promising showing 

similarity to the reference’s dissolution profile. The marketed drug released about 139 mg or 

93% of the drug substance within 780 minutes (13h) while HPMC and Kollidon SR released 138 

mg (92%) and 124 mg (82.5%) of venlafaxine respectively. Three of the HPMC tablets sampling 

points were within 5% deviation of the reference (60, 600 and 780 min). Kollidon SR, on the 

other hand, only had two sampling points within 5% deviation of the marketed drug (120 and 

240 min). The similarity factor was found and HPMC and Kollidon SR showed ƒ2 similarity 

factor of 51.1 to each other but 62.9 and 48.8 to the reference drug, respectively.   
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5.4.3 Multi-layer formulation 

A multilayer formulation (FC7) consisting of two distinct layers was prepared. Each layer 

contained the active substance and a polymer excipient. Multi-layer tablets demonstrate 

sustained drug release and lower burst release when compared with hydrophilic and wax-

based matrixes (Aboelwafa & Basalious, 2010). One layer consisted of VenHCl and HPMC and 

the second layer of VenHCl and Kollidon SR (Table 7).  

After about 180 minutes of the dissolution test the layers separated from each other. 

This can be observed in Fig. 8, as a rise in drug release. When the in vitro dissolution results 

were compared with the reference drug it was observed that four sampling points were within 

5% deviation of the reference drug. The multilayer tablets had a ƒ2 similarity factor of 54.6 to 

the marketed drug, indicating sameness to the marketed drug. The points that were within 

the acceptable deviation were 120, 180, 420 and 780 min. Formulation FC7 released 138 mg 

of venlafaxine, about 92%, after 780 minutes while the reference released 139 or about 93%. 

Despite the tablets separating the formulation and the references dissolution profile were 

very alike showing that the two excipients produce a similar release to the marketed drug. In 

order to obtain a better release profile and avert the swift rise in release, the separation of 

the two layers needed to be prevented.  

It was decided to test a homogenous mixture of the two excipients and the active 

ingredient rather than multilayer tablets as this could prove more efficient due to the risk of 

the tablets separating being removed. 
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Figure 8. The average dissolution profile of FC7 

The average dissolution profile of FC7 compared to the average dissolution of the reference drug, 

Venlafaxine Portfarma®, where each sampling point of the reference displays a 5% error bar. 

 

5.4.4 Comparison of different HPMC viscosity grades 

Two additional formulations (FC8 and FC9) using Kollidon SR and HPMC as homogenous 

mixtures were produced using different viscosity grades of HPMC in order to determine which 

gives a closer dissolution profile to the reference drug (Table 6). Both formulations clearly 

showed a small degree of swelling throughout the duration of the dissolution, although not 

as significant as FC4. The tablets did not disintegrate or separate proving the homogenous 

mixture of the ingredients to be a more effective than the multilayer tablets. 

The venlafaxine dissolution profile of both formulations was compared with the 

reference (Fig. 9). Both formulations had a similar release profile to each other and the 

reference dissolution, with ƒ2 similarity of 64.38 to each other. Formulation FC8 and FC9 had 

a similarity of ƒ2=51.8 and 63.8 to the reference drug, confirming that FC9 shows more 

similarity to the marketed drug. This attribute can be linked to the properties of HPMC. 

 Four of the FC9 tablets sampling points were within 5% deviation of the reference 

(420, 600, 780 and 1380 min), while FC8 only had one sampling point within 5% deviation of 

the marketed drug (600 min). After a dissolution of 780 minutes FC8 had released about 146 
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mg or 97% and FC9 released about 147 mg or 98%. Although the 780 minute sampling point 

is not as close to the reference product it is clear that FC9 exhibits a more consistent 

dissolution profile, whereas the marketed drug shows a drop in drug release at 780 minutes. 

The dissolution profiles suggest that FC9 follows the reference dissolution more 

closely, hence formulation FC9 being selected as the final formulation and used in all the 

following pharmacopeia evaluations. 

 

Figure 9. The average dissolution profile of FC8 and FC9 

The average dissolution profile of FC8 and FC9 compared to the average dissolution of the reference 

drug, Venlafaxine Portfarma®, where each sampling point of the reference displays a 5% error bar. 
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5.5 Evaluation of final drug product 

5.5.1 Evaluation of Powder 

5.5.2.1 Bulk density 

The volume of the powder in the cylinder for the bulk density test was 200mL. The calculated 

density of the powder was therefore 0.5 g/mL or 500 kg/m3. This corresponds to the bulk 

density of Kollidon SR, which is about 0.45 g/mL, and many other excipients for direct 

compression of tablets (Bühler, 2008).  

5.5.2.2 Tapped density 

After corresponding volumes, V10, V500 and V1250, for each tapped interval were noted it 

was clear that V1250 was the tapped volume. This was due to the difference between V500 

and V1250 being less than 2 mL. A tapped density of 2.39 g/mL was calculated. Therefrom the 

Hausner ratio and Compressibility index were calculated from the results of both density tests.  

The Hausner ratio and Compressibility index were 1.26 mL and 21%, respectively. These values 

indicate a passable powder flow according to the European Pharmacopoeia (EDQM, 2020b).  

5.5.2.3 Angle of repose 

The angle of repose measured was 37°. According to the European Pharmacopoeia this 

signifies that the flow property of the powder is fair, and no aid is needed. Magnesium 

stearate had been added to the formulation prior to the test as a lubricant to prevent sticking 

to the mechanical equipment. The excipient also increases the overall powder flow (Pingali et 

al., 2011). 

5.5.2 Dissolution profile of final formulation 

An in vitro dissolution test was repeated for FC9 (Fig. 10). Twelve vessels were used and the 

average drug release for the formulation found. The dissolution profile for the formulation 

was compared to the release of the marketed drug. The drug release was nearly the same as 

the prior test conducted on the formulation with both tests having four sampling points within 

the acceptable deviation. The latter release profile sampling points within the acceptable 

deviation were 420, 600, 780, 1380 min, precisely as in the previous test. Still, the latter 

dissolution test only had a ƒ2 similarity factor of 52.1; less than the prior dissolution conducted 

on the same formulation or certain other formulations. 
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Figure 10. The average dissolution profile of the final formulation FC9 

The average dissolution profile of FC9 (the final formulation) compared to the average dissolution of 

the reference drug, Venlafaxine Portfarma®, where each sampling point of the reference displays a 5% 

error bar. 

5.5.3 Evaluation of tablets 

5.5.3.1 Content Uniformity 

The requirements for the test are that mass of the active substance for each dose should be 

within 15% deviation from the average and only one capsule can be outside these boundaries 

but within 25% deviation. The calculated mean of the content of one dose was 150.21 mg.  

Therefor the measured amount must be within 150.21 mg ± 22.53 mg. All the dosage units 

met the European Pharmacopoeia criteria (Fig. 11). Each unit measured was within 15% 

deviation of the mean and within 15% deviation of its calculated value (See results in appendix 

E). 
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Figure 11. Uniformity of Content 

Measured and calculated content of dosage units and the mean with a 15% error bar. 

5.5.3.2 Mass Uniformity  

The weight of the contents of twenty capsules was measured and their average weight was 

663.25 mg. According to the European Pharmacopoeia the content of only two capsules can 

have a deviation of more than 5% from the average and the content of no capsule more than 

10%. For all tablets to pass their weight should be 663.25 ± 33.16mg and two tablets within 

663.25 ± 66.33mg. Figure 12 presents the results. The produced tablets all passed the criteria 

with no capsule having a deviation of more than 5% (See results in appendix F). 

 

Figure 12. Mass Uniformity 

The mass distribution of twenty capsules chosen at random.  
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5.5.3.3 Disintegration Test 

The criteria set for the disintegration of the capsules was that each capsule should disintegrate 

within 5 min, however the content (three tablets) should not. The disintegration test was 

performed for one hour. The capsules disintegrated after just 1.53 min, but none of the tablets 

disintegrated. The production met the requirements that had been set.  

5.5.3.4 Tablet Friability 

The weight of the tablets before the friability test was 6.662g. After the friability test was 

complete the tablets weight was 6.639g. The tablets passed the requirements as only 0.35% 

of mass was lost and no tablet was cracked or broken (See results in appendix G). 

5.5.3.5 Tablet Crush resistance  

The criteria set for the crush resistance of the tablets was that all the tablets fall within 20% 

deviation of the mean force needed for the tablets to disrupt. This means all tablets should 

be within the range of 111.65 ± 22.33 N. Figure 13 presents the results of the test. There was 

considerable variability in the results. However, only one tablet did not meet the requirement 

therefore the production did not pass the test (See results in appendix H). 

 

Figure 13. Crush resistance  

Crush resistance of each tablets and the mean with an error of 20% 

5.5.3.6 Appearance and Diameter of Tablets 

The appearance of the tablets was identical. The tablets were cream coloured, smooth and 

double domed. Their domed sides are not symmetrical resulting a small edge formation due 
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to different sized punches in the tabletting machine (Fig. 14). The diameter of all the tablets 

was 7.1 mm. (See appendix I for the description of individual tablets). 

 

A 

 

B 

Figure 14. Photograph of the final drug product 

Figure 14.A displays the ten tablets examined for their appearance. The tablets were cream 

coloured, smooth and double domed. Figure 14.B displays the drug as its dosage form of three 

tables within a capsule. 
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6.  DISCUSSION 

6.1 Selection of polymers 

In the beginning of the research many polymers seemed appealing for the formulation of the 

generic drug product. Nevertheless, only a limited quantity of polymers was available. A 

method of trial and error had to be used, as well as researching various properties of individual 

polymers. The common materials to form an extended release system include water-insoluble 

acrylic copolymers, ethyl cellulose and polyvinyl acetate. (Qiu & Lee, 2017). A variety of 

extended release polymers were used in formulations, a dissolution test performed, and the 

data collected and evaluated. Various properties of the polymer powders were considered 

when selecting the proportions of the formulations. Such as manufacturers suggesting 40-50% 

of Kollidon SR for freely soluble drugs and more than 50% Kollidon SR in the matrix formulation 

to make direct compression on a large scale possible (Bühler, 2008; Pharmaceutical-

Technology, 2018). 

6.2 Tableting  

All the tablets were punched manually. This process is time consuming and labour intensive. 

Using an automatic tablet press would have been more time efficient and given a better sense 

of how the production would perform on an industrial scale. Overall, the tableting process 

went well and produced acceptable tablets. 

The only problem however was the lower punch as a lower punch with the correct size 

was not available therefor a slightly smaller punch was utilized. This added a degree of 

difficulty as the powder flowed through the gap formed between the die and lower punch and 

accumulated in the machinery. The die and lower punch had to be frequently removed and 

the machine cleaned of all excess powder to prevent from jamming the machine by inhibiting 

proper movement of the lower punch. The lower punch also caused the formation of a small 

edge due to its difference in size. Although not aesthetically pleasing the edge on the tablet 

did not notably affect the tests conducted. 

A direct compression method was used for all formulations as it requires fewer 

processing steps and less equipment. This makes the method less expensive than other 

methods used in tablet production. (Rantanen & Khinast, 2015). Additionally the risk of 

fluctuations in dissolution profile are not as likely to arise when using direct compression 

compared to wet granulation (Zaid, Cortesi, Qaddomi, & Khammash, 2011). On the other 

hand, direct compression blends are known to cause segregation in post-blending processing 
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due to limited moisture in the formulations or differences in particle size or density of the 

ingredients (Lakio et al., 2017). Another disadvantage to the direct compression method is 

tablet malfunctions such as sticking, capping and lamination which are noticeably frequent in 

this method (Allen & Ansel, 2014). Capping occurred when tableting formulation FC8 and FC9 

suggesting segregation of the powder blend. 

A die feeder, also known as hopper shoe, was not used in the tableting process. When 

scaling the production up, die feeders are commonly used, in which case granulation of the 

powder may be beneficial to both increase flowability and particle size distribution (Allen & 

Ansel, 2014). 

6.3 Formulations and drug release profiles 

Demonstrating that each tablet inside a capsule had the same drug release behaviour was an 

essential step as it made the formulation process much simpler. Coating the tablets was not 

possible as the tablets were too large to be coated using a fluid bed. The film coating on the 

marketed drug was made from a basic butylated methacrylate polymer. By milling down and 

recompressing the tablets it was demonstrated that the coating did not further slow down the 

drug release. The recompressed tablet even displayed a slower release than the unimpaired 

tablet. The tablets could have potentially been coated manually yet, due to time limitations, 

the main focus was placed on the matrix forming mixture.  

Some limitations must be considered when making modified release tablets. The drug 

release profile of modified release tablets can be distorted by food and gastric transit time. 

Additionally, the drug product may not be crushed or chewed, or it may lose its effect (Jayanthi 

B, 2011; Kayser, Lemke, & Hernandez-Trejo, 2005). 

After testing individual polymer excipients with the active drug substance, it was clear 

that HPMC and Kollidon SR showed the most resemblance to the reference dissolution profile. 

Several studies have demonstrated that these two excipients, HPMC and Kollidon SR, 

combined are successful at producing a sustained and prolonged release system and retarding 

the release of highly soluble drugs (Iurian S, 2017; Pharmaceutical-Technology, 2018; Reza, 

Quadir, & Haider, 2002; Ullah, Ullah, Murtaza, Mahmood, & Hussain, 2015).  

Aqualon and HPMC showed swelling to some extend throughout the dissolution test, 

although less than Eudragit which showed significant swelling in the dissolution medium. 

Kollidon SR tablets showed no swelling but rather maintained the tablets geometric form 

throughout the dissolution test. 
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A multilayer formulation (FC7) of the two excipients was first tested. The formulation 

was unsuccessful as the layers separated. The separation increases the surface area of the 

tablets therefore increasing the dissolution rate. It is suspected that the different swelling 

properties of the excipients caused the layers to split. Kollidon SR shows no swelling but rather 

maintains its shape while HPMC exhibits a moderate degree of swelling in the dissolution 

medium. The dissolution profile of the multilayer formulation was, however, close to the 

profile of the reference drug despite the separation of the layers, having a similarity factor of 

54.6 to the marketed drug. Having a similarity factor over 50 indicates the sameness of two 

dissolution profiles, the higher the value the more identical the two dissolution profiles.  

By making a homogenous mixture of the two excipients of interest the risk of 

separation was ceased and the tablets remained intact throughout the dissolution test. Two 

different HPMC viscosity grades were examined. The dissolution profile of the two 

formulations, FC8 and FC9, indicated that the formulation containing a HPMC viscosity grade 

of 10.000 mPa·s (FC9) was somewhat better at slowing down the release of venlafaxine than 

HPMC of 4.000 mPa·s (FC8). As suspected, this was further confirmed by the similarity factor 

as the tablets with the higher viscosity grade presented more equivalent to the marketed 

drug.  

The marketed drug exhibited a drop in drug release after thirteen hours (780 minutes). 

This was most likely due to an error such as liquid evaporation. After the dissolution test on 

the marketed drug the remaining dissolution medium of each vessel was measured, and the 

last sampling point corrected accordingly. The evaporation at each individual time point could 

not be accounted for thus it was not possible to correct each point for its evaporation. 

After repeating the dissolution test on the best formulation, FC9 which first showed a 

similarity of ƒ2=63.8 to the reference, it was evident that the tablets still released an excessive 

amount of the drug in the first five hours. By coating the tablets with a polymer, the coating 

acts as an additional drug release barrier (Aguilar, 2013). A study revealed a combination of 

Eudragit RLPO and Eudragit EPO coating to be a promising approach to extend the release of 

a highly water soluble drug to up to twelve hours and significantly decreasing the burst release 

of the drug (Patel, Dave, Vasava, & Patel, 2015). This coating combination might have proven 

to be successful in decreasing the release of venlafaxine if applied to FC9 tablets. 

One can speculate that if the schedule had been according to the research plan an 

improvement could have been made to the formulations and a closer match to the reference 
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produced. Nevertheless, enough results were obtained to finish the project and accomplish 

nearly all that was intended. If the timeframe would not have been interrupted however, 

coating of the tablets would have possibly slowed down the release of the drug during the 

first five hours of the dissolution test.  

6.4 Evaluation of powder 

Powder flow is an essential quality in pharmaceutical industry manufacturing. In 

pharmaceutical manufacturing tablets are often produced on a rotating multi-station 

tableting machine by loading the die with powder based on volume. Consequently, the 

powder flow from the hopper shoe into the die can affect the hardness, weight and uniformity 

of the content of the tablets (Shah, Tawakkul, & Khan, 2008). 

The flowability of a powder is dependent on the forces acting on the powder such as 

the driving forces and the drag forces. The degree to which these forces have an impact is 

dependent on a variety of physical properties of particles such as particle shape, size and 

density. Dragging forces such as cohesion and surface tension can decrease flowability of a 

powder. As the powder flow becomes important when the production gets scaled up it can 

be beneficial to increase the flowability by reducing drag forces such as cohesive strength. 

Common methods to reduce cohesive strength are increasing particle size by granulation and 

adding glidants. The glidants act on the powder characteristics by decreasing the adhesive and 

cohesive forces of the powder (Pingali et al., 2011). 

The angle of repose was calculated using a different method than recommended by 

the European Pharmacopoeia. The method that was applied nevertheless resembles the 

tilting box method. This method requires minimum equipment and gives a good idea of the 

flowability of the powder. The angle of repose indicated that the powder was fair, and no aid 

was needed. From the properties of the excipients the flowability of the powder was 

anticipated to be better. Additionally, one percent of magnesium stearate had been added to 

the powder mixture prior to the evaluation which increased the flowability. The results were 

unexpected as a lower angle would have been more logical. A plausible explanation for this 

might be the different particle size of the excipients as well as the powder mixture being 

exposed to moisture due to a delay in the tableting process. 

The flowability and compressibility of the powder were predicted by calculating the 

Hausner ratio and Compressibility index from the tapped density and bulk density. The 

calculated values suggested a passable powder flow. Yet again a better result was expected 
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as a glidant had been added to the powder and the excipients are known to have good 

flowability. The bulking density of a powder is reliant on how it has been handled. The particles 

can have a variety of bulk densities thus, the smallest commotion of the powder can cause a 

change in the bulk density (Crawford & Throne, 2002). 

Although the results from the evaluations of the powder were acceptable, the lack of 

standardization can affect the results considerably due to man-made causes. This discrepancy 

can affect a full scale production of the final drug product if the flowability is improperly 

measured and is poorer than it appears (Guan, n.d.). If the production were to be scaled up 

granulation or the addition of other glidants would be recommended. 

6.5 Evaluation of tablets  

Several different tests, required by the European Pharmacopoeia, were performed to ensure 

the quality of the tablets. Most of these standardized testing procedures have specific criteria 

that each production must meet. 

 The appearance of all the tablets examined was nearly identical. Tablet diameter is 

mostly determined by the diameter of the die. The diameter of the die was 7.5 mm however 

all tablets had a diameter of 7.1 mm. Other factors, such as fill volume and tableting pressure 

can also affect the diameter (Pharmapproach, 2020). But the most likely cause for the reduced 

diameter is that the lower punch of the tableting machine was smaller causing the diameter 

of the tablets to be smaller than expected. This difference also caused the small edge on one 

side of the tablets. Nevertheless, the diameter was consistent for all tablets that were 

measured implying that fill volume and tableting pressure were the same for all tablets. 

 The content uniformity test is very important as the right dose of active drug ingredient 

must be in each dosage unit. All the dosage units passed the European Pharmacopoeia’s 

criteria with no unit being outside of 15% deviation from the mean or individual calculated 

value. This suggest similarity in weight, even distribution of the drug in the powder, and little 

to no segregation of the powder mixture (Pharmapproach, 2020). 

  The mass uniformity was consistent as all tablets passed the criteria with no capsule 

having a deviation of more than 5%. Due to the tablets being compressed manually it was not 

difficult to produce tablets that fell within the criteria as the powder for each tablet was 

weighed and placed into the tableting die. On a large scale mass uniformity becomes more 

important to establish good powder quality, flow and machine operation (Pharmapproach, 

2020). 
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The disintegration test measures the breakdown of the tablets and capsule into 

smaller particles. The criteria set for the disintegration test was in line with the fact most of 

the formulation consisted of a water-insoluble polymer. Thus, the tablets should not fully 

disintegrate. The capsules however should disintegrate considerably fast as the capsule only 

acts as a vessel for the three tablets. The production passed the test as the capsules 

disintegrated after 1.53 min, but the tablets did not disintegrate.  

The crush resistant test is a valuable routine quality control test as hardness can impact 

disintegration, dissolution and bioavailability. By using an automatic hardness meter, the 

operator variability experienced with manual hardness testers is eliminated. The tablets had 

a relatively diverse hardness. The criteria for the test was set by the manufacturer and a 

deviation of 20% from the mean was acceptable. Alas, the product did not pass the test as one 

tablet had a crush resistance which exceeded 20% deviation from the mean.  

The friability test measures the resistance of tablets to cracking or fracturing. The 

concept behind this test is to simulate the same forces which a tablet is exposed to during 

coating, packaging, processing, and transporting (Pharmapproach, 2020). The friability also 

depends on hardness, therefore affecting the same factors as the crush resistance. The tablets 

passed the requirements as the overall weight loss of the tablets was under 1%, or precisely 

0.35%, and no tablet was broken or fractured. 
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7. CONCLUSIONS 

A sustained release venlafaxine capsule was formulated with the generic drug Venlafaxine 

Portfarma® as a reference. In order to make the dissolution profile equivalent to the marketed 

drug suitable polymers had to be chosen. The selection of polymers tested were both based 

on literature and trial and error.  

Ultimately, formulation FC9 consisting of Kollidon SR and HPMC, with a viscosity of 

10.000 mPa·s, exhibited the highest resemblance. Four out of nine sampling points were 

within a 5% margin of error of the reference and the formulation showed a similarity of 

ƒ2=52.1. In comparing FC9’s dissolution profile to the reference drug, it was evident that the 

tablets released too much of the active substance during the first five hours.  

 After evaluating the powder, it was clear that the formulation, although acceptable for 

manual production, would most likely not be suitable for large scale production. The tablets 

passed all quality tests with criteria set by EMA, however failed in crush resistance as the 

deviation between the tested tablets was greater than accepted by the manufacturer.  

The formulations showed a clear progression into the right direction, with FC9 proving 

successful in numerous ways. For future perspectives, both the idea of coating to slow down 

the release during the first 5 hours of the dissolution and improvement of the flow 

characteristics of the powder to ease into a large scale production, are to be considered.   
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APPENDIX A: Calibration curve 

 

Figure A1. Calibration curve 1 (February 10th 2020) 

Measured absorbance plotted against the concentration of calibration standards. The equation of 

the trendline is displayed on the figure. 

 

Figure A2. Calibration curve 2 (March 9th 2020) 

Measured absorbance plotted against the concentration of calibration standards. The equation of 

the trendline is displayed on the figure. 
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A. PREPARATION FOR PRODUCTION 
 

 

A.1   Employees involved in production 
 

Full name Signature Initials 

 
 

  

 
 

  

 
 

  

 
 

  

 
A.2   Personal protective equipment for staff in production  
Take off any jewellery before walking into the air-locked room 
 

In the air-locked room: 

• Put on a lab coat 

• Put on a hair net that covers all hair 

• Put on overshoes 

• Walk into the production room 
 

In the production room: 

• Put on a dust mask 

• Wash hands thoroughly and disinfect them 

• Put on gloves 
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A.3 Cleaning procedure before production  
 

 
The production area is clean and no data or materials from previous batches are present 
 
Date and initials_______________________________________________________________ 
 

 
 

 

A.4 Devices and equipment used  
 

 
Performed/ 

Confirmed by 

The following equipment is required: 

1 x 315 μm sieve 

10 x Weighing boat 

4 x Spoon 

1 x Spatula 

1 x Pestle and mortar 

1x Granulated cylinder 

 

 

 

 

 

 

 

The siever is not damaged  

The scale used for measuring is clean   

Tablet compression device used: _____________________ is clean and ready 

to be used 

 

Punches number: ___________________ are clean and ready to be used  
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A.5 Production formulation 
 

 

Following recipe shall be used with this production. 
For each production 10% excess is made. The production 
should produce 300 tablets. 

Quantity per 
tablet  

Calculated quantity in 
recipe 

I. Venlafaxine Hydrochloride 
 

56.6 mg  

II. Metolose 60SH-10000 53.7 mg  
 

III. Kollidon SR 
 

107.45mg  

 

IV. Magnesium Stearate 
 

1%  

 

Production recipe calculated by: 
 

Date and initials _____________________________________ 
 
 

 

Confirmation that all actions in section A have been performed 
 

Date and initials _____________________________________ 
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B. SIEVING AND WEIGHING BEFORE PRODUCTION  
 
 

 

B.1 Weighing of materials  
 

Exact quantity of following materials 
weighed and added into a mortar in 
the order: III, I, II 

 

Lot. No. 
 

Mass (g)  
(Calculated A.5) 

 

Mass (g)  
(weighed) 

 

Performed 
 

Confirmed 

 

I. Venlafaxine Hydrocloride       

 

II. Metolose 60SH-10000 
 

     

 
 

I. III. Kollidon SR 
 

     

Products III, I and II mixed together.       
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C. MIXING 
 

 

C.1 Mixing of materials  

Mixing 
 

Performed  
 

Confirmed 

Weighed materials are mixed in a mortar    

Mixture sieved through sieve 315 µm Sieved through a sieve 
__________ µm 
 

  

Calculations for the correct amount of 
magnesium stearate to be mixed with the 
granule 

Lot number:  

 
Mass weighed:  
 

____________ g 
 

  

Mixing of powder with magnesium 
stearate: 
 
• Take about half of the powder and place it 
in a mortar 
• All the magnesium stearate is added to 
the mortar 
• Add the other half of the powder into the 
mortar 
• Mix using a pestle vertically and 
horizontally, examine the mixture 

Homogeneous mixture: 
 
Yes/No 
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C.2   Tests performed on powder 
  

 
 Performed Confirmed 

Powder flow. Use the Angle of repose 
method described in Ph.Eur. 2.9.36  
 

Length: ____________ 
cm 
 
Height: ____________ 
cm 
 
Angle: _____________ 
 

  

Bulk density and tapped density of 

powder  

 

Bulk density: Take the granulated 

cylinder and place it on the scale. Reset 

the scale and then carefully measure 

100g of powder into the cylinder and 

read the volume on the cylinder. 

Calculate Bulk density as described in 

Ph. Eur. 2.9.32 

 

Bulk density 

Weight of the granules: 

_______________g 

 

Volume of the 

granules: 

____________ ml (V0) 

 

Bulk density: 

_______________g/ml 
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C.2   Tests performed on powder 
 

  Performed Confirmed 

Tapped density: Now take the same 

granulated cylinder with the powder 

and tap it lightly on a table 10, 500 and 

1250 times. After tapping read the 

volume of the powder of the cylinder. 

Calculate Tapped density as described 

in Ph. Eur. 2.9.32 

 

Tapped density 

Volume after 10 taps: 

____________ ml  

 

Volume after 500 taps:  

____________ ml 

 

Volume after 1250 

taps: _________ ml(Vf) 

 

Hausner Ratio: 

 ________________ 
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D. TABLETTING PROCESS AND MEASUREMENTS 
 

 

 

 

D. 1 Tabletting 
  

 
 Performed Confirmed 

The tabletting machine is of the type Jorgen 

Jorgensen Model 1 and is a manual single 

punch tabletting press with 7.5 mm punches 

Punches: 
_________mm 
 

  

I. Insert punches into the machine 

and attach them firmly. Perform 

one manual test. Watch the upper 

punch well and make sure that it 

doesn´t go too far down. Make 

sure that the lower punch releases 

the tablet.  

Upper punch 
adjusted: 
Yes / No 

 
Lower punch 
adjusted: 
Yes / No 

 

  

II. Weigh about 240 mg of powder 

and insert into the tabletting 

machine manually, make sure 

every bit of granules goes into the 

punch.  Adjust the lower punch so 

that the correct amount of powder 

goes into the matrix. 
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D. 1 Tabletting  
 Performed Confirmed 

III. Now gently turn the wheel so that 

you get the first tablet. Adjust the 

pressure as needed (only the 

upper punch) so that the tablet is 

whole. Weigh the tablet. Each 

tablet should weigh 220 mg 

   

IV. Collect the tablets in a clean bowl     

V. Collect the tablets test their 

weight (n = 20) and crush (n = 10) 

resistance according to Ph.Eur. 

2.9.8 and Ph.Eur. 2.9.5. Make 

sure that their weight is within the 

right limits. 

 
Weight: 
____________mg 
 

Crush resistance: 
________Newton 
 

  

VI. Take 3 tablets ant insert them into 

a capsule size 0 

   

 
Calculate the number of tablets produced 
from the total mass 

 

Mass: __________ 
 

Quantity: ________ 

 

  

If the tablets are out of boundaries they 
shall be disposed, and the machine shall be 
tuned again as described above (I and II) 
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D.2 Cleaning of the tabletting machine and appliances  
  

 
Cleaned Confirmed 

I. Tabletting machine cleaned     

I. Punches and die cleaned and put away   

II. Scale and surrounding area cleaned    

II. All containers used during production cleaned    

III. Floor and tables surrounding the production station 

cleaned  

  

 

 

Tabletting machine and appliances are clean and ready for next production  

 

Date and initials _____________________________________ 
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Comments regarding the production  

 
 
 
 
 
 
 
 
 
 

 

 
 

Production master reviewed and approved  
 

Date and initials _____________________________________ 
 
 
Date and initials _____________________________________ 

 

Date and initials _____________________________________ 
 
 
Date and initials _____________________________________ 
 
 
Date and initials _____________________________________ 
 
 

 



 

M 
 

Certificate of Analysis (CoA) 

  
Hagi Pharma 

Name of drug:   
 

Date of manufacturing: 
 

Bach number: F- Expiration date: 

 

Test Boundaries Results  Method/Ph.Eur. 
chapter 

    

Disintegration  Tablets have not 
disintegrated after 

60 min 

 Ph.Eur. chapter 2.9.1 

    

Dissolution 80-90% dissolved 
after 10 hours 

 Ph.Eur. chapter 2.9.3 

    

Uniformity of 
content (mg) 

Amount of active 
substance can only 
exceed ±15% from 

the average for one 
capsule 

No capsule can 
exceed ±25% 

 Ph.Eur. chapter 2.9.6 

    

Friability (%) Not more than 1%  

 

Ph.Eur. chapter 2.9.7 

    

Resistance to 
crushing (N) 

20% from average of 
measurements  

 Ph.Eur. chapter 2.9.8 

    

Uniformity of mass 
(mg) 

  Only 2 tablets 
exceed ±5% 

No tablet exceeds 
±10% 

 Ph.Eur. chapter 2.9.5 

    

Appearance  

 

 na. 

Diameter ___ mm  na. 

    

 

Deviations or other comments  

 

 

 



 

N 
 

 

 

Production is: Approved / Denied  

 

If denied, why: 

 

 

 

 

 

 

 

 

 

 

 

Signed  

___________________________________________________ 
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___________________________________________________  

 

___________________________________________________  
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APPENDIX C: Dissolution of reference  

Table B1: Absorbance of reference capsules throughout the dissolution test    

Time (min) Capsule 1 

absorption 

(λ) 

Capsule 2 

absorption 

(λ) 

Capsule 3 

absorption 

(λ) 

Capsule 4 

absorption 

(λ) 

Capsule 5 

absorption 

(λ) 

Capsule 6 

absorption 

(λ) 

30 0.112 0.159 0.12 0.123 0.096 0.121 

60 0.179 0.176 0.155 0.197 0.269 0.157 

120 0.291 0.257 0.261 0.35 0.252 0.254 

180 0.321 0.33 0.336 0.359 0.337 0.318 

240 0.418 0.412 0.405 0.464 0.411 0.41 

420 0.535 0.575 0.534 0.596 0.554 0.544 

600 0.61 0.638 0.615 0.668 0.619 0.606 

780 0.596 0.605 0.594 0.69 0.609 0.612 

1380 0.674 0.739 0.829 0.774 0.714 0.685 

Remaining 

dissolution 

medium 

(mL) 870 870 885 780 880 880 
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Figure B1: Dissolution profile of Venlafaxine Portfarma®  
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APPENDIX D: Dissolution tests for formulations 

Table C1: Absorbance of FC1 and FC2 throughout the dissolution test    

Time (min) FC1a 

absorption (λ) 

FC1b 

absorption (λ) 

FC2a 

absorption (λ) 

FC2b 

absorption (λ) 

31 0.004 0.011 0.003 0.006 

66 0.298 0.28 0.292 0.244 

126 0.423 0.393 0.366 0.418 

513 0.718 0.707 0.666 0.688 

681 0.722 0.754 0.732 0.732 

1716 0.748 0.747 0.728 0.751 

Remaining 

dissolution medium 

(mL) 

900 900 900 900 
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Table C2: Absorbance FC3-FC6 throughout the dissolution test    

Time (min) FC3 

absorption (λ) 

FC4 

absorption (λ) 

FC5 

absorption (λ) 

FC6 

absorption (λ) 

30 0.271 0.172 0.297 0.146 

60 0.383 0.194 0.416 0.237 

120 0.493 0.305 0.561 0.33 

180 0.57 0.386 0.594 0.381 

240 0.628 0.447 0.711 0.403 

420 0.728 0.591 0.716 0.485 

600 0.741 0.623 0.73 0.528 

780 0.749 0.652 0.757 0.58 

1380 0.75 0.672 0.755 0.641 

Remaining dissolution 

medium (mL) 

850 850 850 850 
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Table C3: Absorbance of FC6 and FC7 throughout the dissolution test    

Time (min) FC6a 

absorption (λ) 

FC6b 

absorption (λ) 

FC7a 

absorption (λ) 

FC7b 

absorption (λ) 

30 0.2 0.19 0.201 0.171 

60 0.24 0.249 0.262 0.233 

120 0.321 0.282 0.304 0.27 

180 0.345 0.324 0.349 0.34 

240 0.48 0.45 0.541 0.508 

420 0.538 0.515 0.624 0.591 

600 0.565 0.53 0.637 0.585 

780 0.614 0.552 0.679 0.615 

1380 0.651 0.601 0.663 0.638 

Remaining 

dissolution medium 

(mL) 

860 845 855 845 

  

 

 

 

 

 



 

T 
 

Table C4: Absorbance of FC8 and FC9 throughout the dissolution test    

Time (min) FC8a 

absorption 

(λ) 

FC8b 

absorption 

(λ) 

FC8c 

absorption 

(λ) 

FC9a 

absorption 

(λ) 

FC9b 

absorption 

(λ) 

FC9c 

absorption 

(λ) 

30 0.197 0.179 0.178 0.177 0.18 0.177 

60 0.253 0.242 0.244 0.251 0.256 0.254 

120 0.408 0.393 0.397 0.394 0.4 0.402 

180 0.475 0.457 0.464 0.452 0.46 0.462 

240 0.549 0.498 0.509 0.495 0.501 0.504 

420 0.645 0.639 0.652 0.606 0.619 0.591 

600 0.662 0.656 0.658 0.64 0.659 0.648 

780 0.679 0.679 0.701 0.684 0.685 0.683 

1320 0.759 0.716 0.734 0.764 0.773 0.762 

Remaining 

dissolution 

medium 

(mL) 

850 850 850 850 850 850 
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Table C5: Absorbance of FC9 for the final dissolution test 

Time (min) Final FC9a 

absorption 

(λ) 

Final FC9b 

absorption 

(λ) 

Final FC9c 

absorption 

(λ) 

Final FC9d 

absorption 

(λ) 

Final FC9e 

absorption 

(λ) 

Final FC9f 

absorption 

(λ) 

30 0.197 0.182 0.186 0.185 0.184 0.179 

60 0.259 0.262 0.267 0.263 0.264 0.257 

120 0.353 0.404 0.405 0.402 0.403 0.4 

180 0.467 0.469 0.471 0.468 0.476 0.472 

240 0.519 0.524 0.527 0.52 0.525 0.529 

420 0.616 0.612 0.626 0.615 0.61 0.61 

600 0.668 0.672 0.669 0.666 0.666 0.673 

780 0.683 0.696 0.694 0.681 0.689 0.698 

1320 0.708 0.716 0.709 0.724 0.724 0.727 

Remaining 

dissolution 

medium 

(mL) 

900mL 900mL 900mL 880mL 880mL 890mL 

  

  



 

V 
 

Table C6: Absorbance of FC9 for the final dissolution test 

 Time 

(min) 

Final FC9g 

absorption 

(λ) 

Final FC9h 

absorption 

(λ) 

Final FC9i 

absorption 

(λ) 

Final FC9j 

absorption 

(λ) 

Final FC9k 

absorption 

(λ) 

Final FC9l 

absorption 

(λ) 

30 0.168 0.189 0.183 0.18 0.183 0.185 

60 0.246 0.259 0.261 0.263 0.263 0.264 

120 0.384 0.397 0.403 0.402 0.405 0.409 

180 0.445 0.46 0.464 0.462 0.47 0.477 

240 0.503 0.516 0.524 0.522 0.527 0.535 

420 0.606 0.61 0.616 0.613 0.621 0.646 

600 0.642 0.656 0.658 0.662 0.669 0.676 

780 0.66 0.674 0.667 0.683 0.688 0.697 

1320 0.68 0.688 0.696 0.702 0.71 0.712 

Remaining 

dissolution 

medium 

(mL) 

900 900 900 900 900 900 

   

  



 

W 
 

APPENDIX E: Uniformity of content 

Table D1: Results from Uniformity of content tests. 

Capsule 

No. 

Weight 

(mg) 

Absorption Measured 

(mg) 

Calculated 

(mg) 

Deviation 

(%) 

1 660.1 0.503 148.51 150.02 0.40 

2 658 0.513 151.49 149.55 1.60 

3 657 0.519 153.27 149.32 2.80 

4 659 0.502 148.21 149.77 0.60 

5 666 0.488 144.05 151.36 3.39 

6 658 0.503 148.51 149.55 0.40 

7 666 0.500 147.62 151.36 0.99 

8 664 0.517 152.68 150.91 2.40 

9 663 0.510 150.60 150.68 1.01 

10 658 0.494 145.83 149.55 2.19 

  Mean 149.10 150.21 1.578 
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APPENDIX F: Uniformity of mass 

Table E1: Mass of randomly chosen capsules and their deviation from the 

average value. 

Capsule No. Weight (mg) Deviation 

(%) 

1 657 0.94 

2 676 1.92 

3 649 2.15 

4 661 0.34 

5 674 1.62 

6 666 0.41 

7 676 1.92 

8 652 1.70 

9 641 3.35 

10 650 2.00 

11 683 3.00 

12 659 0.64 

13 669 0.87 

14 664 0.11 

15 655 1.24 

16 650 2.00 

17 674 1.62 

18 659 0.64 

19 685 3.28 

20 665 0.26 

Average 663.25 1.50 
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APPENDIX G: Friability test 

Table F1: Results of the friability test. 

Tablets weight before the 

test (g) 

Tablets weight after the 

test (g) 

Mass lost (%) 

6.662 6.639 0.35 

 

APPENDIX H: Crush resistance 

Table G1: Results of the crush resistance test. 

Tablet No Crush resistance 

(N) 

1 141.81 

2 91.21 

3 120.14 

4 100.52 

5 100.52 

6 133.08 

7 91.40 

8 107.88 

9 118.57 

10 111.41 

Average 111.65 
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APPENDIX I: Appearance 

 
Table H1: Results from the appearance of the tablets. 

Tablet No. Appearance Tablet No. Appearance 

1 Smooth surface, 

double domed, 

even edge 

6 Smooth surface, 

double domed, 

even edge 

2 Smooth surface, 

double domed, 

uneven edge 

7 Smooth surface, 

double domed, 

uneven edge 

3 Smooth surface, 

double domed, 

even edge 

8 Smooth surface, 

double domed, 

even edge 

4 Smooth surface, 

double domed, 

even edge 

9 Smooth surface, 

double domed, 

even edge 

5 Smooth surface, 

double domed, 

uneven edge 

10 Smooth surface, 

double domed, 

uneven edge 

 

 

 


