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ABSTRACT 

Formulation of extended release tablets, the generic drug Venlafaxin Hagi 

Venlafaxin Actavis® are antidepressant extended release capsules with 150 mg of the active 

ingredient, venlafaxine. The release is dependent on the combinations of polymers and excipients. 

In this project a dissolution test was performed on Venlafaxin Actavis capsules and the dissolution 

profile was used as a criteria basis in the formulation of a generic drug, Venlafaxin Hagi tablets. 

The aim of this project was to design a generic drug (Venlafaxin Hagi) compatible with the 

reference drug (Venlafaxin Actavis) taking into account that it should pass the Ph. Eur. quality 

control tests. Furthermore, the dissolution profiles of the two drugs should be identical, allowing 

5% deviation.  

Production master was made that precisely described the tablets production from formulation to 

tablet compression. When the dissolution profile was developed, the effects using different 

polymers and other excipients were examined. Overall ten formulations were made, and 

dissolution tests performed on each one. For the final formulation of Venlafaxin Hagi, Ph. Eur. 

quality control tests were carried out.  

The results showed that different polymers had diverse effects on the dissolution profile. The 

dissolution profile of formulation 9 was closest to the reference drug profile; therefore, used for 

the production of Venlafaxin Hagi. A t-test showed no statistical difference between the 

dissolution profile of Venlafaxin Actavis and Venlafaxin Hagi. However, the first sample point in 

the dissolution profile was not within the limits, causing the dissolution test to fail. Venlafaxin 

Hagi passed the disintegration, resistance to crushing, uniformity of mass, size, shape, and 

diameter. The flow properties of the powder, friability, and uniformity of content were however 

not acceptable.  

The results concluded that Venlafaxin Hagi would need additional excipients to enhance the tablet 

properties. Moreover, for the drug to pass the Ph. Eur. quality control tests and get marketing 

authorization, it is clear that further research is necessary on the final formulation. 

Keywords: Venlafaxine, polymers, extended release, Ph. Eur. quality control. 
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ÁGRIP 

Formúlering á forðatöflum, samheitalyfið Venlafaxin Hagi 

Venlafaxin Actavis® er þunglyndislyf í hylkjaformi. Hylkin eru forðalyf og innihalda 150 mg af 

virka efninu, venlafaxine. Ákveðin samsetning fjölliða og hjálparefna veldur betri losun á virka 

efninu. Í þessari rannsókn var framkvæmt leysnihraðapróf á Venlafaxin Actavis hylkjum og var 

leysniferillinn hafður til hliðsjónar við formúleringu á samheitalyfinu Venlafaxin Hagi, í formi 

taflna.  

Markmið verkefnisins var að hanna samheitalyf við lyfið Venlafaxin Actavis, með tilliti til þess 

að samheitalyfið, Venlafaxin Hagi ætti að standast kröfur Ph. Eur. Enn fremur var markmiðið að 

fá sem líkastan leysnihraðaferil og feril hylkjanna, með innan við 5% skekkju.  

Nákvæm framleiðsluforskrift var útbúin allt frá formúleringu yfir í töfluslátt. Áhrif mismunandi 

fjölliða og annarra hjálparefna voru skoðuð með tilliti til leysnihraða. Tíu formúleringar voru 

hannaðar og leysnihraðapróf framkvæmt á hverri þeirra. Ph. Eur. gæðaprófanir voru gerðar á loka 

formúleringu samheitalyfsins.  

Niðurstöður sýndu að mismunandi fjölliður höfðu ólík áhrif á leysnihraðaferil. Formúlering 9 gaf 

sem líkastan leysniferil við Venlafaxin Actavis. T-próf (e. t-test) sýndi fram á að enginn marktækur 

munur var á milli leysniferla Venlafaxin Actavis og Venlafaxin Hagi, hinsvegar var fyrsti 

tímapunktur utan marka sem leiddi til þess að prófið féll. Venlafaxin Hagi stóðst sundrunarprófið, 

hörku, þyngdardreifingu og útlit og þvermál en kom hins vegar ekki vel útúr prófunum sem 

viðkomu flæðieiginleikum duftsins, slitþoli og magngreiningu.  

Niðurstöður verkefnisins bentu til þess að Venlafaxin Hagi þyrfti fleiri hjálparefni til þess að bæta 

eiginleika taflanna og þannig standast kröfur Ph. Eur. og fá samþykki á markað. Það er því ljóst 

að framhaldsrannsóknir á formúleringunni séu nauðsynlegar. 

Lykilorð: Venlafaxine, fjölliður, forðalosun, Ph. Eur. gæðaprófanir.  
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1 INTRODUCTION 

1.1 Venlafaxine  

Venlafaxine is an antidepressant drug that belongs to the class of serotonin and noradrenaline 

reuptake inhibitors (SNRI). Not only is it an antidepressant drug but it can also be used for other 

symptoms, such as generalized anxiety disorder and social anxiety disorder. Reduced levels of 

serotonin and noradrenaline productions in the brain is thought to be the main reason for 

depression. That implies that the function of the drug is to raise levels of serotonin and 

noradrenaline; however, the function is not fully known (Sérlyfjaskrá, 2020). Furthermore, it is 

thought that the drug effects mainly by inhibiting the transporters participating in the reuptake of 

the neurotransmitter's serotonin and norepinephrine, which leads to more active neurotransmitters 

in the synapse (Saad, El-Sahar, Sayed, Elbaz, Helmy, & Senousy, 2019). 

For drugs to be able to get through the blood brain barrier, their polar surface area (PSA) needs to 

be less than 90 Å2. PSA is defined as the surface sum over all polar atoms or molecules, mainly 

nitrogen and oxygen along with their attached hydrogen atoms. Moreover, PSA is commonly used 

as a metric for the drugs ability to permeate cells (Pajouhesh & Lenz, 2005). Venlafaxine PSA is 

32,7 Å2, which indicates that it can cross the blood brain barrier and bind to receptors there (NCBI, 

2020b).   

Venlafaxin Actavis® got marketing authorization in Iceland on 26th of January 2009  (Sérlyfjaskrá, 

2020). It is an extended release capsule that maintains the minimal active concentration of the drug 

in the blood and reduces the frequency of intake needed over the day (Perrie & Rades, 2012). 

Another benefit of extended release form is that the plasma concentration is constant and within 

the therapeutic window during the night, which leads to less side effects, better treatment 

compliance, and at last it is possible to target specific areas in the digestive tract. However, many 

disadvantages of extended release form are related to physiological aspects of the digestive system, 

such as different pH and transit time. These factors have more effect on release and absorption of 

extended release drugs (Michael E Aulton & Kevin MG  Taylor, 2007).  

The highest concentration of extended release drugs after intake is obtained after 12 hours which 

is around the time it takes for the drug to go through the digestive system. Venlafaxine half-life is 

around 11 hours (Sérlyfjaskrá, 2020), which makes it ideal for extended release compared to drugs 

that have short half-life. Furthermore, drugs that have limited absorption in the digestive system 

are not optimal (Michael E Aulton & Kevin MG  Taylor, 2007).  
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Venlafaxine hydrochloride (HCl) is the salt form of venlafaxine. The molecular formula of 

venlafaxine HCl is C17H28ClNO2, and the molecular formula of venlafaxine is C17H27NO2. The 

chemical structure, the molecular weight, and the ClogP of the drug is shown in Figure 1. LogP is 

the lipophilicity of an organic compound that can be described by a partition coefficient and is an 

important molecular characteristic for drug discoveries. Additionally, ClogP stands for calculated 

LogP and is one of the most widely used methods for estimation of LogP (Ghose, Viswanadhan, 

& Wendoloski, 1998). Venlafaxine is therefore a lipophilic drug. Venlafaxine HCl has a solubility 

of 572 mg/mL in water, and it is a white to off-white crystalline solid (Sela, 2003).  

         

Figure 1: Chemical structure, molecular weight and ClogP of venlafaxine (left) and venlafaxine HCl 
(right). 

 

1.1.1 Salt form of a drug. 

A suitable salt form of a drug can improve physicochemical and physicomechanical properties, 

such as solubility or bioavailability and therefore give a better in vivo performance (Kumar, 

Bharate, Vishwakarma, & Bharate, 2018). The salt form is generally a more stable form of a drug, 

which provides the product a longer shelf-life. Moreover, the solubility of a drug is often increased 

by using the salt form (Wiedmann & Naqwi, 2016).  
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1.2 Quality control tests on tablets according to the European Pharmacopoeia 

In order for a drug to get marketing authorization, each tablet or capsule must meet sufficient 

standards or requirements. These requirements are presented in the European Pharmacopoeia (Ph. 

Eur.); in addition, the pharmaceutical manufacturers can set their own standards. The following 

specifications must be performed according to Ph. Eur; Disintegration of tablets and capsules 

(2.9.1), Uniformity of dosage units (2.9.40), Uniformity of content of single dose preparations 

(2.9.6), Uniformity of mass (2.9.5), Dissolution (2.9.3), Friability of uncoated tablets (2.9.7) and 

the size and shape of the tablets (standards for each specification are defined according to Ph. Eur. 

in the methods and material chapter). 

1.3 Excipients 

Excipients are essential elements of the drug formulations. Excipients are ingredients other than 

the active pharmaceutical ingredient (API). They have been properly evaluated as safe for use and 

are a part of a drug delivery system (EDQM, 2020). These excipients are commonly considered 

pharmacologically inert. Most commonly used excipients in tablets are fillers, binders, 

disintegrates, lubricants, and glidants (Haywood & Glass, 2011). The role of excipients varies but 

in general they enhance the drug product by modulating stability, preservation, and delivery 

(Saluja & Sekhon, 2013).   

1.3.1 Fillers 

Fillers or diluents are bulk agents which make accurate dosing of API possible (Chan & Chew, 

2002). Oral administration limiting factor is the size of the tablets, which fillers have the properties 

to alter. Additionally, to volume enhancing, fillers can have binding properties and make tablet 

compression easier. An example of fillers are; lactose, microcrystalline cellulose (MCC), 

dicalcium phosphate and sugars (Micheal E Aulton & Kevin MG  Taylor, 2007). The most 

commonly used filler is lactose monohydrate (see Figure 2), it is nontoxic, soluble in water, and 

relatively cheap (Mill, Dawson, & Johnson, 2018). The disadvantages are that lactose is an animal 

product which is not suitable for individuals that are lactose intolerant or for example vegan (Chan 

& Chew, 2002). There are two anomeric forms of lactose, alpha and beta, with different properties. 

Alpha monohydrate lactose is the most stable form and commonly used in pharmaceutical drugs. 

Beta lactose, also referred to as anhydrous lactose, is on the other hand more soluble in water 

(Altamimi, Wolff, Nokhodchi, Martin, & Royall, 2019).  
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Figure 2: Chemical structure of lactose. 

 

1.3.2 Lubricants 

Lubricants have a key role in efficacious manufacturing of pharmaceutical tablets forms. They are 

a crucial ingredient for tablet compression to reduce friction when the tablet is pressed from die 

and prevent adhesion to the die. Lubricants key role is to aid processing of the system during drug 

manufacture (Li & Wu, 2014).  

1.3.2.1 Magnesium stearate  
Magnesium stearate (MgSt) is a commonly used excipient for orally administered formulations 

(Haware, Vinjamuri, Sarkar, Stefik, & Stagner, 2018). It is an essential lubricant for tablet 

formulations and is especially suitable for extended release forms because of its delay effect on 

dissolution. Furthermore, MgSt is a hydrophobic material, which is the main reason for the delay 

in tablet dissolution (Ariyasu, Hattori, & Otsuka, 2016). MgSt is only a fraction of a formulation, 

and in most pharmaceutical formulations the w/w is not more than 5%  (Haware et al., 2018). The 

chemical structure of the material can be seen in Figure 3.  

 

Figure 3: Chemical structure of magnesium stearate. 
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1.3.3 Polymers for extended release formulations 

Polymers play an essential role in the improvement of drug delivery technology by presenting 

controlled release. Polymers used for extended release formulations improve the properties of the 

safety and effectiveness of the drug, both for use and storage. In addition, polymers can enhance 

both the pharmacokinetics and pharmacodynamics properties; for example, in longer plasma half-

life and targeted delivery (Liechty, Kryscio, Slaughter, & Peppas, 2010).  

1.3.3.1 HPMC  
Hydroxypropyl methylcellulose (HPMC) is a non-ionic cellulose ether derivative and is a 

hydrophilic polymer. It is a mixture of alkyl hydroxyalkyl cellulose ether consisting of methoxyl 

and hydroxypropyl groups (see Figure 4). It is soluble in cold water but practically insoluble in hot 

water. The first choice when formulating hydrophilic matrix systems is HPMC as it provides 

mechanisms for controlled release by taking a lot of time to hydrate and dissolve  (Rao, Sunita, 

Prakash, Dattatraya, & Patil, 2011). 

HPMC matrix causes swelling controlled systems, which are controlled by the rate of diffusion of 

media and corrosion of the matrix; the thicker the gel layer, the slower the release rate (Paudel, 

Noori, Poudel, Shakya, Bhatta, & Lamichhane, 2014). The rate of hydration depends on the nature 

of the molecular structure and degree of substitution of hydroxyl groups. When the polymer 

hydrates, it swells, and the size of the tablet increases. When the matrix starts to dissolve the drug, 

release has begun. The soluble part of the drug starts to diffuse through the gel layer while the 

insoluble part is released through tablet erosion (Mondal, Bhowmick, Mollick, Maity, 

Mukhopadhyay, Rana, & Chattopadhyay, 2013).  

There are different viscosity grades of HPMC, and they contain different percentages of methyl 

and hydroxypropyl substitution (Oh, Heng, & Chan, 2015). The different viscosity grades affect 

the extended drug release profile in hydrophilic matrix tablets (Haywood & Glass, 2011).  

HPMC 60SH - 50 has a rather low viscosity grade, so when used in a formulation for tablets the 

drug release rate is considerably fast. Whereas HPMC K100 has a high viscosity grade; therefore, 

the drug release is slower. Because of the slow release rate, HPMC K100 is a suitable grade for 

extended release formulations (Nokhodchi, Raja, Patel, & Asare-Addo, 2012). 
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Figure 4: Chemical structure of Hydroxypropyl methylcellulose (HPMC). 

 

1.3.3.2 Kollidon SR 
Kollidon SR is a sustained-release matrix, and is a blend of two polymers, which are povidone 

(PVP) and polyvinyl acetate (PVAc) (Shao, Farooqi, Diaz, Krishna, & Muhammad, 2001). 

Povidone is a water-soluble polymer, which is often used in tablet formulations. It consists of N-

vinyl-2-pyrrolidone monomers. The polymer is non-ionic, so ranging in pH does not affect its 

viscosity in aqueous solutions (Dürig & Karan, 2019). PVAc is an amorphous polymer made from 

vinyl acetate monomers. The polymer is non-toxic and biodegradable (Zhang, Wang, Gibril, & 

Kong, 2020). The chemical structures of both povidone and polyvinyl acetate can be seen in Figure 

5.  

Kollidon SR is commonly used for pH-independent substances formulated into extended release 

tablets by direct compression (Mulani, Patel, & Shah, 2012). The polymers that Kollidon SR is 

composed of work well together, so the drug release from the matrix is diffusion controlled (Shao 

et al., 2001). In addition, the povidone forms pores in the tablet, which the drug can slowly diffuse 

through (Mulani et al., 2012). If there is lactose in the formulation, the release of the drug is 

controlled by both diffusion and erosion, and the release rate is faster (Shao et al., 2001). 
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Figure 5: Shows the chemical structure of povidone (left) and polyvinyl acetate (right). 

 

1.3.3.3 Ethyl cellulose  

Ethyl cellulose (EC) has several benefits when it comes to pharmaceutical technology. It can be 

used as a binder, coating agent, drug carrier, filler, or stabilizer. Ethyl cellulose is largely used to 

design therapeutic systems and to modify the drug release (Wasilewska & Winnicka, 2019). The 

physical description of EC is that it is hygroscopic white to off white, odorless, and tasteless 

powder (NCBI, 2020a). 

EC is an ethyl ether of cellulose. It has a similar structure as cellulose acetate and cellulose (see 

Figure 6); however, some of the functional hydroxyl (-OH) groups on cellulose are removed for 

the ethoxy group (-O-CH2-CH3) (McKeen, 2017). EC with ethoxyl substitution can vary in order 

of C12H22O5, that provides a variety of molecular weights that can affect its properties. In 

organisms, the pH that occurs does not affect the EC when it comes to solubility, as it is always 

insoluble. Nonetheless, EC starts to swell in the presence of gastric juice but is generally 

recognized as safe (Wasilewska & Winnicka, 2019). 

 

 

Figure 6: Shows the structure of ethyl cellulose. 
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2 AIM 

The aim of this project was to produce a generic drug that succeeds bioequivalence testing and to 

acquire a dissolution profile for the generic drug, Venlafaxin Hagi, with only 5% deviation from 

the original drug profile, Venlafaxin Actavis®. The goal was to formulate a generic drug in the 

form of tablets although the original drug was in capsules. Furthermore, the aim was to understand 

the role of the excipients in tablet formulations as well as the behavior of the active pharmaceutical 

ingredient.   

 

 

 

 

  



	

 9 

3 RESEARCH PLAN 

Names of students Ásdís Þóra, Guðný Björk and Hrafnhildur 

Names of supervisors Árni, Bergþóra and Trausti 
  

Project name 

Extended release tablets, Venlafaxin Hagi a generic drug 

Brief description of the project: Explain the premises, the main objectives, the materials 
and the implementation and where the project will be carried out. 

In this project the main goal is to design and formulate a generic prolonged release tablets of 
venlafaxine, used to reduce signs of depression and anxiety disorder. The comparison drug 
is Venlafaxin Actavis®. 

The active pharmaceutical ingredient is venlafaxine and the following excipients are used in 
the generic drug Venlafaxin Hagi: HPMC, ethyl cellulose, lactose monohydrate and 
magnesium stearate.  

The main aim is to design equivalent tablets with less than 5% error and to perform the 
following Ph. Eur. test: dissolution, disintegration of tablets, uniformity of mass and 
uniformity of content.  

Milestones - marking progress in the project. - Define 2-3 guards each month. The guards 
will be used to monitor the progress of the project. - The guards should be timed and just one 
sentence to describe each guard. 

January 
-     M1 - 15. Jan research plan is ready. 
-     M2 - 20. Jan Dissolution of Venlafaxin Actavis®.  

February 
-     M1 - 15. Feb summarize the lab results. 
-     M2 - 17. Feb write the draft of the introduction chapter. 
-     M3 - 21. Feb hand in the draft of the project report. 

March 
-     M1 - 6. March research plan 2 is ready. 
-     M2 - 23. March Ph. Eur. tests done. 

April 
-     M1 – 6. April all lab work finished 
-     M2 - 17. April processing the data results. 
-     M3 - 24. April hand in the final report. 
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Timetable: 

January 2020 

1. Research ingredients and materials that will be used in the formulation of the 
comparison drug.  

2. Testing the brand-name drug, dissolution test. (HH) 
3. Prepare the 0.2 M phosphate buffer with pH 6.8. (GBP) 
4. Calculate and prepare the standard. (ÁÞH) 
5. Create the master. 
6. Begin writing the introduction chapter.  

February 2020  

1. Formulate with different kinds of polymers. (GBP) 
2. Ingredients for the final product determined. (ÁÞH) 
3. Introduction chapter ready. 
4. Proportions of the ingredients decided. (HH) 

March 2020 

1. Shaping of the final production.  
2. Precise dissolution test on the brand-name drug. (GBP) 
3. Precise preparation of the standard. (GBP) 
4. Precise dissolution test on the final product. (ÁÞH) 
5. Ph. Eur tests done on the final product. (HH) 

April 2020 

1. Processing data.  
2. Working on finalizing the report.  
3. Final report ready.  

Are all facilities, data, equipment, tools and / or materials available to complete the 
project? 

Yes/No 

If no - Explain what is missing and who will take care of it and when it will be done. - The 
students always have to check that this is done. 
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Key uncertainties - Explain the major uncertainties that may affect the progress of the 
project. 

The proportions of each ingredient needed to get the formulation as wanted. Additionally, the 
right blend of materials to achieve the final formulation. 

 

(The draft of research plan can be seen in Appendix A).  
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4 MATERIALS AND METHODS 

4.1 Materials 

Table 1: Materials used in this project. 

Materials Lot. number Producer 

Sodium phosphate monobasic 
dihydrate SZBFO540V Sigma-Aldrich 

Sodium phosphate dibasic BCBR0158V Sigma-Aldrich 

Venlafaxine HCl R14258 - 

Lactose monohydrate 200M 16F30-B04-324507 - 

HPMC K100 R12822 - 

HPMC 60SH-50 6028066 ShinEts. - 

Hydrochloric acid concentrate 38280-1EA HoneyWell 

Kollidon SR R14668 - 

Magnesium stearate 90910 Sigma-Aldrich 

Deionized water (15Mohm) N/A ELGA water system 
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4.2 Equipment 

Table 2: Equipment used in this project. 

Equipment Type Producer 

Analytical balance AB204-S Mettler Toledo 

Filter paper Watman nr.1 Schleider & Schuell 

Stopwatch 7S Iphone 

Quartz cuvettes - Hellma Analytics 

Dissolution test apparatus RC-6D dissolution tester Vanguard 

UV spectrophotometer Ultrospec 2100 pro Amersham Pharmacia Biotech 

UV spectrophotometer GENESYS 150 ThermoScientific 

Syringe with filter - Kruuse 

Thermometer - - 

Hardness tester - Vanguard Pharmaceutical 
Machinery Inc. 

Sieve BS 250 Endecotts ltd 

Mortar - - 

Tablet press hand compression - - 

Tablet press CP-501 advanced single tablet 
press Vanguard 

Friability tester PTF E Pharma Test 

Laboratory glassware N/A DIN ISO 

Pipettes - Finnpipette / Gilson 

Pipette tips - Santa Cruz Biotechnology 

pH meter - LLG 

Ultrasonic bath - Vanguard Pharmaceutical 
Machinery Inc. 

Disintegration tester - Erweka DZT 

ELGA deionized water system OPTION S-7 ELGA LabWater 
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4.3 Methods  

4.3.1 Draft of the production master  

Production of master was made for the formulation of Venlafaxin Hagi. The chapters included in 

the draft of production master were;  

A. Preparation of production with the subsections; production employees, rinsing before 

production, equipment ready for use and production prescript. 

B. Weighing for production with the subsection weighing of substances. 

C. Mixing with the subsections; mixing of substances, testing on powder before tablet 

compression. 

D. Tablet compression and measurements with the subsections were tablet compression and 

cleaning on tablet press and equipment 

The production master was made to simplify the manufacturing with all the guides needed to 

formulate Venlafaxin Hagi. However, the draft needs further improvement should the research 

continue (the draft of the production master can be seen in Appendix B). 

4.3.2 Formulation 

4.3.2.1 Reference drug 
Venlafaxin Actavis® capsule was the reference drug in this project, each capsule contained 150 

mg of API. In this project, the formulations (generic drug) were made with the excipients from the 

reference drug kept in mind. The generic drug was formulated into tablets so there was a difference 

in formulations between the reference and the generic drug (the ingredient list from the reference 

drug can be found in Appendix C, Table C1). 

4.3.2.2 Selection of polymers  
Several polymers were tested to find out which of them could be suitable for extended release. At 

first equal proportions of all ingredients were tested, then worked from that conclusion by adding 

percentage of polymers or using a combination of two polymers until the correct proportions was 

found (see Table 3). In total there were four polymers tested. 

 

 

 



	

 15 

Table 3: Results from tests on different volume and combination of polymers for extended release. 

Formulation (F) # Polymer combination Total polymer in tablet (%) 

F1 HPMC K100 100% 33 

F2 HPMC K100 100% 40 

F3 Kollidon SR 100% 33 

F4 Kollidon SR 100% 40 

F5 HPMC K100 75% + Kollidon SR 25% 40 

F6 HPMC K100 25% + Kollidon SR 75% 40 

F7 HPMC K100 75% + HPMC 60SH-50 25% 40 

F8 HPMC K100 50% + HPMC 60SH-50 25% + 
Kollidon SR 25% 40 

F9 HPMC K100 87.5% + HPMC 60SH-50 
12.5% 40 

F10 HPMC K100 70% + HPMC 60SH-50 10% + 
Ethyl cellulose 20% 45 

 

4.3.2.3 Mixing 
For the production of Venlafaxin Hagi, Venlafaxine HCl, lactose, HPMC; K100, and 60SH-50 

were weighed precisely according to the production master (Appendix B) and blended in a plastic 

bag. The bag was shaken to get reliable mixing. Then the formulation was sieved, with sieve size 

250. Magnesium stearate was added into the mixture after sieving and then blended again. The 

proportion of ingredients in F1-F10 can be seen in the results chapter, Table 5. 

4.3.3 Pre-compression studies 

Tests were performed on the powder after mixing and before compression.  

4.3.3.1 Bulk density  
Bulk density was performed by weighing 20 g of the powder in a measuring cylinder. The density 

was then recorded as volume.   

4.3.3.2 Tapped density 
Tapped density was performed by tapping the measuring cylinder with the 20 g of powder from 

the bulk density test. The cylinder was tapped 100 times on a flat surface. After tapping, the density 
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was recorded as volume. The Hausner ratio and compressibility index were calculated from the 

results both from the bulk and tapped density.  

The Hausner ratio was calculated using equation (1), were V0 stands for bulk volume and Vf stands 

for final tapped volume:  

      !"
!#

      (1) 

$$	&'
()	&'

= 1.47  

The compressibility index was then calculated using equation (2):  

     /))(!"1!#)
!"

      (2) 

/))($$	&'	1	()	&')
$$	&'

= 31.8  

4.3.3.3 Angle of repose  
Angle of repose is a method where the flow properties of powder are measured. An iron board was 

used and a spoonful of powder, 285 mg, put on the upper part of it. The iron board was then moved 

to increase the slope until the powder started to flow. The iron board was moved along a measuring 

stick which gave a fixed support. At the point where the powder was flowing the height at which 

the board was in (A) and the distance moved (B), was listed. From that the angle could be 

calculated which would then give an idea of the powders flowing properties.  

Angle of repose was calculated using equation (3):  

   α = tan1/(9
:
)      (3) 

α	= tan1/ ;(.$	<&
;$.=	<&

= 43.45° 

4.3.4 Tablet compression  

Tablets were compressed by hand for each formulation. A 10% excess was weighed of powder 

and placed in the die for each tablet. The tablets were weighed and then the pressure and stress 

adjusted as needed to get the right tablet weight. The final formulation was compressed by an 

advanced single tablet press. To prevent adhesion of powders to punches and dies, magnesium 

stearate was used in all formulations. 
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4.3.4.1 Selection of punch for compression 
When selecting the appropriate punch, first a 10 mm punch was tested for tablet compression for 

the formulation, which was not suitable. Then a 12 mm punch was tried for the formulation which 

was suitable and therefore used for the tablet compression.  

4.3.5 Calculation of standards and the standard curve 

Initially the standards were not adjusted to the amount of HCl (see Appendix D, Figure and Table 

D1). The standard solution of venlafaxine was prepared by dissolving accurately 100 mg of 

venlafaxine in phosphate buffer solution, pH 6.8 in a 200 mL volumetric flask. The volume was 

filled up to the 200 mL mark with phosphate buffer solution, pH 6.8, to obtain a stock solution of 

5000 µg/mL. The stock solution was diluted down to 1.667 µg/mL. The absorbance of the diluted 

drug concentrations was measured at 226 nm.  

Secondly standards were calculated and diluted in serial dilution. The amount of venlafaxine HCl 

that was weighed for the stock solution matched 100 mg of venlafaxine. The ratio of molar mass 

was calculated as seen below.  

@ABCD	&CEE	FGHBCICJKHG	
@ABCD	&CEE	FGHBCICJKHG	LMB

	= ;==.$	N/&AB
(/(.P	N/&AB

= 0.8837 

The ratio was used to calculate the amount needed of venlafaxine HCl with equation (4). 

  9&ARHS	AI	FGHBCICJKHG
TCSKA	AI	&ABCD	&CEE

	= 	Amount	of	venlafaxine	HCl               (4) 

 /))	&N
).aa(=

= 113.16	mg  

The stock solution used had the calculated concentration:  

     /))	&N
;))	&'

= 0.5	mg/mL	 

The solution was diluted to get a lower concentration that was more fitted for the making of the 

standard.  

    ).e	&N/&'	∗	$	&'
/;	&'

	= 0.1667	mg/mL   

    )./gg=	&N/&'	∗	(,e	&'
	/)	&'

= 0.05833	mg/mL 

Serial dilution was then performed on the solution as seen below.  

).)ea((	&N/&'	∗	(	&'
g	&'

= 0.02917	mg/mL	  
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).);P/=	&N/&'	∗	(	&'
g	&'

= 0.01458	mg/mL  

 
).)/$ea	&N/&'	∗	(	&'

g	&'
= 0.007292	mg/mL	  

 
).))=;P;	&N/&'	∗	(	&'

g	&'
= 0.003646	mg/mL  

 
             ).))(g$g	&N/&'	∗	(	&'

g	&'
= 0.001823	mg/mL  

4.3.6 Quality control testing on tablets  

The properties of the tablets were examined following European Pharmacopoeia guidelines to see 

if the formulation was a success.  

4.3.6.1 Disintegration of tablets  
The disintegration test was performed with a special device, apparatus A, according to Ph. Eur. 

chapter 2.9.1. The device is composed of a strainer with six compartments that have partition 

between them. One tablet was placed in each compartment. The strainer was in constant vertical 

motion in water at 37°C. As soon as the tablets were placed in the water, a stopwatch was initiated 

(EDQM, 2020). The tablets were monitored for 30 minutes and then documented as to whether 

they had fully dissolved or not. 

4.3.6.2 Uniformity of mass of single dose preparations 
Uniformity of mass was done according to Ph. Eur. chapter 2.9.5. Twenty tablets were taken 

randomly and weighed on an analytical scale and the average was found. From the average, 

percentage deviation was found which the tablets needed to be within (EDQM, 2020). The average 

weight of the tablets was found by using equation (5). 

             Average	weight	of	tablets	(Xq) = 	 rR&	IDA&	CBB	SsG	SCtBGSE	(u)
vR&tGD	AI	SCtBGSE

		         (5) 

Calculations from Table 5 were put into equation (5).  

Xw	(mg) = eaPxg;;xg$exeaexeaPxea;xg)=xePgxg//xg;)xg(/xeP/xeP)xePgxg)(xePPxg/(xg)gxg/$xeP$
;)

	= 604.15	mg  

The limit for the uniformity of mass for tablets that are over 250 mg ± 5% is that 2 tablets out of 

that twenty can be over 5% from the confidence limit however there is no tablet that can go over 

10% from the average. This also applies for the tablets if they are less than the average weight 

(EDQM, 2020). Equation (6) shows the mass for each tablet allowed to be within.  
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Confidence	limits = Average	weight	of	tablets	 ± 	Average	weight	of	tablets	 ⋅ 	0.05     (6) 

 

The ideal mass for individual tablet is between: 

Confidence	limits = 604.15	mg + 604.15	mg	 ⋅ 	0.05 = 634.36	mg 

Confidence	limits = 604.15	mg − 604.15	mg	 ⋅ 	0.05 = 573.94	mg	

As a result, the tablets can be between 573.94 - 634.36 mg. However, two tablets can be over 5% 

but need to be under 10% called the critical limit, those limits were found with equation (7).  

     Critical	limit	 = 	Average	weight	of	tablets	 ± 	Average	weight	of	tablets	 ⋅ 	0.1      (7) 

As a result, two of those tablets can be within the range of:  

Critical	limit = 604.15	mg − 604.15	mg	 ⋅ 	0.1 = 543.735	mg 

Critical	limit = 604.15	mg + 604.15	mg	 ⋅ 	0.1 = 664.565	mg 

The range for those two tablets to be within was 543.74 - 664.57 mg.  

4.3.6.3 Uniformity of content of single dose preparations 
Uniformity of content was performed according to Ph. Eur. chapter 2.9.6. 10 tablets were randomly 

picked and crushed in mortar. Amount corresponding to one tablet was dissolved in a 25 mL of 

buffer in a volumetric flask and the flask then put in an ultrasonic bath. The uniformity of content 

was performed on 10 tablets. The volumetric flasks were kept in the ultrasonic bath for 60 minutes, 

or until the powder was dissolved. The solution from each flask was filtered through filter paper. 

The solutions were measured at ℷ = 226 nm in cuvettes by a UV-spectrophotometer. Standard 

curve was made (chapter 5.2) and the equation from the standard curve was used for the 

calculations.  

The concentration was calculated with equation (8):  

   A = 0.0385	 ⋅ 	C − 0.0218	 ⇒ 	C = 9	x	).);/a
).)(ae

    (8) 

Tablet 4 was used as an example for all calculations in uniformity of content of single dose 

preparations (see Table 7).  

    C = /.$=)	x	).);/a
).)(ae

= 	38.75	µg/mL	 
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C = 38.75	 �N
&'
⋅ 	 /	&N
/)))	�N

= 0.03875	mg/mL			

A 25 mL graduated flask was used for diluting the solvent, then a buffer was used to fill up to the 

mark. Taken were 0.03 mL from the flask and 4 mL of buffer added. Equation (9) shows these 

steps.  

  Active	ingredient = measured	concentration	 ⋅ 25	mL ⋅ $.)(	&'
).)(	&'

	 	 (9) 

Active	ingredient	measured = 0.03875	mg/mL	 ⋅ 	25	mL	 ⋅ 	
4.03	mL
0.03	mL = 130.1	mg 

Calculated concentration was found by dividing the weight of the tablet with the average weight 

of the tablets by using the uniformity of mass of single dose preparations. The average weight was 

604.2 mg. The result was then multiplied with measured concentration shown in equation (10):  

Calculated	concentration = 	 �GKNsS	AI	SCtBGS
9FGDCNG	�GKNsS	AI	SCtBGSE

	 ⋅ 	measured	concentration	      (10) 

Tablet 4 was used as an example. 

Calculated	concentration = 	
600.9	mg
604.2	mg ⋅ 38.75	µg/mL	 = 	38.54	µg/mL 

Calculated API in each tablet was found by dividing the weight of the tablet with the average 

weight of the tablets. Then multiplied with measured API in each tablet shown in equation (11):  

Active	ingredient	calculated = 	 �GKNsS	AI	SCtBGS	
9FGDCNG	�GKNsS	AI	SCtBGSE

	 ⋅ 	active	ingredient	measured (11) 

Tablet 4 was used as an example. 

Active	ingredient	calculated = 	
600.9	mg
604.2	mg	 ⋅ 	130.1	mg = 129.4	mg	

According to the Ph. Eur. tablets need to be within a certain limit when it comes to the uniformity 

of content of single dose preparations. Test A applies for tablets, powders for parenteral use, 

ophthalmic inserts and suspensions for injection. The preparation complies with the test if each 

tablet has the active ingredient between 85-115% of the average content. If one tablet is outside 

the limits of 75-125% or if more than one tablet is outside the limits from 85-115% the test fails 

(EDQM, 2020).	

4.3.6.4 Dissolution test  
The dissolution test was performed according to Ph. Eur. chapter 2.9.3. The dissolution media was 

phosphate buffer pH 6.8. A 20% excess of 1 L 0.2M phosphate buffer was generated according to 
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a prescript from Ph. Eur. (shown in Table 4) and then the pH was measured. The buffer was then 

diluted to 0.05M so the final volume was 4.8 L (weighed ingredients and pH of Phosphate buffer 

can be seen in Appendix E, Table E1). 

Table 4: Prescript of 1L 0.2 M sodium phosphate solution, pH 6.8 (EDQM, 2020). 

    Materials Amount 

I. Sodium phosphate dibasic (Na2HPO4) 13.61g 

II. Sodium phosphate monobasic (NaH2PO4) * H2O 14.20 g 

III. H2O ad 1000 mL* 

Adjust pH to 6.8 

 

The temperature of the dissolution media was allowed to equilibrate at 37°C ± 0.5°C. Exactly 900 

mL of dissolution media was measured in each vessel and rotary speed adjusted to 100 rounds per 

minute (rpm). One tablet was placed in each vessel, in total six vessels (EDQM, 2020).  

At definite time intervals, 3, 6, 12, 20 and 23 hours, 5 mL of sample was withdrawn from the 

vessel and replaced with 5 mL of buffer. The sample was then filtered. Suitable dilutions were 

done with the samples if the absorbance was above 2.5 Au and analyzed spectrophotometrically 

at 226 nm. The equation of the trendline from the standard curve (see Figure 3) was used for 

calculations on dilutions of samples and can be seen in equation (12): 

 

  x = 9	x	).);/a
).)(ae

	 ⋅ 	dilution    (12) 

 

The concentration for each sample was calculated with equation (4) the same way as for the 

uniformity of content of single dose preparations. However, the equation of the trendline from the 

first standard curve (Appendix D, Figure D1) was used for calculations on the first dissolution test 

and for formulation 1-10. The amount of API was found by multiplying the concentration that was 

found with the absorbance and the total volume of the buffer in the vessel. No lids were however 

available for the first test, so it was considered for the calculations. Equation (13) was used to 

calculate the amount of API, venlafaxine HCl.  

	Amount	of	API = Concentration	 ⋅ 	Volume	of	buffer (13) 
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Example for calculations was done for capsule 1 at the time 60 minutes. 

	Amount	of	API = 12.19	µg/mL	 ⋅ 	895	mL = 	10914	µg  

Equation (14) was used to find the portion of the active ingredient in each capsule and tablet. It 

was calculated from the absorbance and the amount of API that should be in each capsule, 150 

mg.  

  Portion	dissolved	(API) = �KEEABFG�	9��	(&N)
/e)	&N

	 ⋅ 	100%  (14) 

Example for calculations was done for capsule 1 used at the time 60 minutes. 

Portion	dissolved	(API) =
10.9	mg
150	mg 	 ⋅ 	100% = 7.27% 

Wavelength was set at 𝜆=226 nm, according to Ph. Eur. These calculations were used for all the 

dissolution tests.  

Two tailed t-test was performed on the final dissolution tests, where the generic drug was compared 

to the reference drug. A hypothesis null (H0) was; the generic drug has equivalent release of API 

compared to the reference drug. The p-value should be higher than 0.05 to indicate that no 

statistical significance was between the two drugs.  

4.3.6.5 Friability 
Friability test was performed according to Ph. Eur. chapter 2.9.7. A friability drum was used with 

a diameter of 290 mm and 40 mm depth. The total weight going in the drum had to be around 6.5 

g for tablets equal to or under 650 mg. Exactly 11 tablets were needed to get the measured amount 

of 6.594 g. The drum was turned one hundred times and then the tablets were weighed again, and 

the percentage of the weight lost calculated. According to Ph. Eur. the tablets fail the test if they 

break during the test and also if more than 1% of the mass is lost (EDQM, 2020). Equation (15) 

shows how the friability can be calculated:  

 X = �CtBGSE	�GKNsS	CISGD	SsG	SGES
�CtBGSE	�GKNsS	tGIADG	SsG	SGES

   (15) 

Y = 1 − x	

Percentage	of	the	total	mass	lost	 = 	Y	 ⋅ 	100%	

4.3.6.6 Resistance to crushing  
Hardness of the tablets was performed according to Ph. Eur. chapter 2.9.8. The hardness was 

determined by using a specific hardness tester. The lower plunger was placed in contact with the 
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tablet and then the plunger was forced against the tablet by turning the threaded bolt until the tablet 

fractured (EDQM, 2020). The force was then documented. 

4.3.6.7 Size, shape and diameter of tablets 
Size and shape of the tablets were visually observed, and the diameter measured according to Ph. 

Eur. Exactly 10 tablets were randomly picked and the diameter, size and shape were listed (EDQM, 

2020). This was done to assure quality in production, it is important that the tablets are comparable. 
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5 RESULTS 

5.1 Selection of polymers  

The polymers which provided extended release were; HPMC K100, HPMC 60SH-50 and, EC. 

Further research was done regarding the percentage of these polymers. However, the combinations 

which gave the lowest error from Venlafaxin Actavis were HPMC K100 75% combined with 

HPMC 60SH-50 25% (formulation 7) and HPMC K100 87.5% combined with HPMC 60SH-50 

12.5% (formulation 9). The other combinations of polymers did not give as good results 

(combinations can be seen in Table 3 in material and methods chapter). Table 5 shows the amount 

used of each ingredient in F1-F10. The results on the polymers were recorded as 0 or 1, with 0 not 

suitable and 1 suitable for extended release. 

Table 5: Shows formulations 1-10, if they were successful or not and the total polymer in the tablet. 

Ingredients  F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

Venlafaxine 
HCl 150 150 150 150 150 150 169.7

* 
169.7

* 
169.7

* 
169.7

* 

Lactose 150 150 210 210 210 210 184.3 184.3 184.3 184.3 

HPMC K100 - 150 240 - 180 60 180 120 210 210 

HPMC 60SH-
50 - - - - - - 60 60 30 30 

Kollidon SR 150 - - 240 60 180 - 60 - - 

Ethyl 
cellulose - - - - - - - - - 60 

Magnesium 
stearate 4.5 4.5 6. 6 6 6 6 6 6 6 

Tablet weight: 454.5 454 606 606 606 606 600 600 600 660 

Suitable 0 0 0 0 0 0 1 0 1 0 

Total polymer 
in tablet (%) 33 40 33 40 40 40 40 40 40 45 

*Corresponds to 150 mg of Venlafaxine. 
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5.2 Pre-compression studies 

5.2.1 Bulk density and tapped density 

The bulk density was 0.45 g/ml where the amount weighed was 20 g and the volume were 44 ml. 

From calculations using equation 1 the Hausner ratio was 1.47 and by calculations using equation 

2 the compressibility index was 31.8. According to Ph. Eur. (chapter 2.9.34) the powder flow is 

very poor.  

5.2.2 Angle of repose  

The angle of repose was calculated by using equation 3 which gave that the angle was 43.45°. 

According to Ph. Eur. (chapter 2.9.36) an angle of repose between 41 and 45° is passable and may 

hang up. Resulting that the powder flow properties for the final formulation are passable.  

5.2.3 Standard curve  

Six solutions with different concentrations were used for the standard curve (see Appendix D, 

Table D2). Correction was needed on the standard curve (see Figure 7), because when the final 

dissolution test on Venlafaxin Actavis (see Figure 9) was calculated there was clearly some error 

in the standard curve (adjustments were made from the standard curve in Appendix D, Figure D2). 

Therefore, a corrected standard curve was made considering the deviation. The equation of the 

trendline was R2 = 0.9998, which was acceptable. 

 

Figure 7: Shows standard curve for Venlafaxine HCl. 
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5.3 Quality control testing  

5.3.1 Disintegration of tablets  

It is important to know the disintegration of tablets for precision. How long the tablets should 

disintegrate is decided by the producers. Ph. Eur. apparatus A is used if the tablets are uncoated 

and under 18 mm in diameter. Six tablets were used for this test and all of them passed the 

disintegration test. They did not disintegrate after 30 minutes. Because these were extended release 

forms the producers evaluated that the tablets passed the test.  

5.3.2 Uniformity of mass of single dose preparations  

Twenty tablets were weighed, and the average calculated as well as the confidence limits and 

critical limits. Table 6 shows the results from the uniformity of mass of single dose preparations. 

Table 6: Shows the weight of twenty tablets as well as average weight of tablets from formulation 9. 

Tablet # Weight  Tablet # Weight  

1 589 11 631 

2 622 12 591 

3 645 13 590 

4 585 14 596 

5 589 15 603 

6 582 16 599 

7 607 17 613 

8 596 18 606 

9 611 19 614 

10 620 20 594 

 

The results show that the average mass of these twenty tablets was 604.15 mg. Only one tablet 

was over the 5% deviation but still under 10%, 645 mg. As a result, the uniformity of mass of 

single dose preparations was passed.  

5.3.3 Uniformity of content of single dose preparations  

Table 7 shows the results from uniformity of content of single dose preparations. The weight of 

each tablet was used to calculate the concentration. At last the measured amount of API in each 

tablet was estimated and the average weight was used for calculations.   
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Table 7: Shows weight of tablet along with absorbance, measured and calculated concentration, and 
measured and calculated API in each tablet. 

Tablet 
# 

Weight of 
tablet 
(mg) 

Absorbance 
(Au) 

Concentration 
measured 
(mg/mL) 

Concentration 
calculated 
(mg/mL) 

API 
measured 

(mg)  

API 
calculated 

(mg)  

1 555.1 1.155 0.0306 0.0281 102.7 94.32 

2 629.5 1.258 0.0332 0.0346 111.6 116.3 

3 573.9 1.668 0.0439 0.0417 147.4 140.0 

4 600.9 1.470 0.0387 0.0385 109.1 129.4 

5 574.8 1.229 0.0325 0.0301 128.7 103.8 

6 618.4 1.453 0.0383 0.0392 119.7 131.7 

7 628.8 1.350 0.0356 0.0371 157.8 124.5 

8 592.0 1.220 0.0321 0.0316 108.3 106.1 

9 581.8 1.275 0.0337 0.0324 113.1 108.9 

10 630.5 1.417 0.0374 0.0400 125.5 131.0 

 

Average amount of API in each tablet by calculations was 118.62 mg. Each tablet should have had 

150 mg of API. The average was 20.92% from estimated value. The percentage deviation was 15% 

or ± 22.5 mg, 5 tablets were not within those limits causing the uniformity of content to fail.  

5.3.4 Dissolution test  

Figures 8-12 show results from dissolution tests. (Any additional information can be found in 

Appendix E) 

5.3.4.1 Dissolution test on Venlafaxin Actavis® 
First dissolution test on the reference drug Venlafaxin Actavis was performed with 4 vessels and 

the second with 6 vessels. The first dissolution test was set at 50 rpm (see Figure 8) but the second 

was set at 100 rpm (see Figure 9).  
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Figure 8: Shows the first dissolution test on Venlafaxin Actavis® at 50 rpm with 900 mL of dissolution 
media, pH 6.8, and the logarithmic trendline. 

 

Figure 9: The second dissolution test on Venlafaxin Actavis® at 100 rpm with 900 mL of dissolution 
media, pH 6.92, and the logarithmic trendline. 
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5.3.4.2 Dissolution test on formulations 1-6 
Results from formulations 1-6 are shown in Figure 10. Only one sample was taken from 

formulation 1 since it had dissolved up to 60% after only 10 minutes.  

 

Figure 10: Shows the results from dissolution tests on formulations 1-6 compared to Venlafaxin Actavis® 
at 50 rpm with 900 mL of dissolution media, pH 6.9. Error bars for the reference drug mark 5% deviation 
(reference limit). 

5.3.4.3 Dissolution test on formulations 7-10 
Formulations 7-10 (see Figure 11) were formulated after careful considerations from previous 

formulations (F1-F6). It can be seen that F7 and F9 have the closest dissolution profile to 

Venlafaxin Actavis. 

 

Figure 11: Shows the results from dissolution tests on formulations 7-10 compared to Venlafaxin Actavis® 
at 50 rpm with 900 mL of dissolution media, pH 6.9. Error bars for the reference drug mark 5% deviation 
(reference limit). 
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5.3.4.4 Dissolution test on the final selected formulation of Venlafaxin Hagi 
Formulation 9 was closer to the dissolution profile of Venlafaxin Actavis, so the authors decided 

to use it for the production of Venlafaxin Hagi. The ingredients in Venlafaxin Hagi were; 

venlafaxine HCl, lactose, HPMC K100, HPMC 60SH-50, and MgSt. Figure 12 shows the amount 

dissolved of API in percentage, of Venlafaxin Actavis and of Venlafaxin Hagi.  

 

Figure 12: Shows the results from the last dissolution test on Venlafaxin Hagi, and Venlafaxin Actavis® 
as comparison at 100 rpm with 900 mL of dissolution media, pH 6.92, with logarithmic trendline. Error 
bars for the reference drug mark 5% deviation (reference limit). 

According to Article 9 and Article 23 from Regulation of Bioavailability and Bioequivalence, the 

dissolution test passed if the first sample was under 20% deviation, and other time points under 

10% deviation from Venlafaxin Actavis, as long as the total difference did not exceed 5%. The 

test failed in the first sample point because it had higher deviation than 20% from Venlafaxin 

Actavis. Other points were within the 5% deviation from the reference drug (see Figure 12). 

However, the t-test showed that there was no statistical significance between the two dissolution 

profiles, as the p-value was 0.88. Since the p-value was considerably higher than 0.05, the H0 is 

accepted.   

5.3.5 Friability of uncoated tablets  

Like mentioned in the methods chapter the total weight of the tablets was 6.594 g, after one 

hundred circles the tablets measured 6.517 g. A 1.17% of the mass was lost so the batch failed the 

test.  
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5.3.6  Resistance to crushing 

Resistance to crushing was done by using 10 tablets. Table 8 shows the result from the test. The 

Ph. Eur. does not state any limits to resistance to crushing so the manufacturers decide them by 

themselves. Manufacturers decided that the resistance to crushing should be between 8-13 kg, so 

the batch passed the test.  

Table 8: Shows the results for the resistance to crushing test. 

Tablet Kg Newton (N) 

1 12.5 122.6 

2 8.00 78.45 

3 10.0 98.07 

4 8.00 78.45 

5 8.00 78.45 

6 11.0 107.9 

7 11.5 112.8 

8 9.00 88.26 

9 8.50 83.36 

10 12.0 117.7 

 

5.3.7 Size, shape and diameter of tablets  

Ten tablets were taken randomly and examined visually, all of them were between 12.00-12.02 

mm in diameter, moreover all of them looked the same, white, circular with bisect through the 

middle. Figure 13 shows the comparison of Venlafaxin Actavis and Venlafaxin Hagi. 

 

Figure 13: Shows the visual comparison of Venlafaxin Actavis® (capsule) and Venlafaxin Hagi (tablet). 
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6 DISCUSSION 

The research was originally supposed to be a comparison of Venlafaxin Actavis capsules, and a 

generic drug formulated by the authors. However, the project changed, and formulation of capsules 

was compared with tablets instead. Various factors were not comparable, for instance the reference 

drug was granulated and had coated sugar spheres. Unfortunately, coating the tablets was not an 

option due to lack of technical equipment so alternative methods were used to get an extended 

release effect. Dissolution test was performed on the formulations where deviation should not 

exceed 5% from Venlafaxin Actavis. 

6.1 Formulations 

6.1.1 Selection of polymers  

Polymers known for delayed release were chosen and tested based on availability in Hagi. In this 

project there were two grades of HPMC used in diverse quantities. The first four formulations 

were produced to examine the interactions between the solubility of the polymers and lactose as a 

filler.  

In the beginning it became clear that Kollidon SR was not suitable for the desired solubility. 

However, the authors did not want to discharge the polymers immediately so a different quantity 

of Kollidon SR was tested. The final disclosure was that Kollidon SR did not fit the formulation, 

especially because lactose was used as a filler and when used together the release rate accelerates 

(as previously discussed in chapter 1.3.3.2).  

HPMC K100 gave another perspective for the right solubility. However, the release in the 

beginning was too rapid. HPMC 60SH-50 was added to the formulation in hope to achieve delayed 

release. Desirable mechanism of action was that the HPMC polymer with a lower viscosity grade 

would wet the tablet immediately to close it. Therefore, delay the release in the beginning. The 

addition of HPMC 60SH-50 worked as hoped and better results were obtained. Studies show that 

lighter polymers have a faster solubility rate. Therefore, further research on the effect of adding a 

lighter polymer, on the long-term solubility could be done. The same logic was behind adding 

ethyl cellulose to the formulation but that did not give as good results, so the final formulation was 

produced with HPMC.  
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6.1.2 Mixing  

The decision to skip the granulation and press the powder directly was made since the first 

dissolution tests did not indicate that it was needed. However, it was clear after the Ph. Eur. quality 

control tests that some properties of the powder could have been improved.  

The matching amount of venlafaxine HCl to 150 mg venlafaxine had to be calculated like seen 

above in the results (equation 4). Venlafaxine HCl is the salt form of venlafaxine and therefore a 

higher amount is needed to obtain the same concentration in formulation.  

6.2 Pre-compression studies 

Tests were performed on the powder before compression to make sure the properties of the powder 

were acceptable. The angle of repose was performed to measure the flow of the powder, as well 

were the tapped and bulk density. Comparison of the bulk density and tapped density can give 

information on a powders ability to flow. The tests however failed, but due to lack of time 

adjustments could not be made. From the angle of repose the powders ability to flow was passable. 

These results demonstrate that the final formulation was not ready for mass production. Further 

research would be needed to improve these properties. By adding an excipient, for example silica 

as a glidant, would have been necessary. Silica could have increased the powders ability to flow 

and therefore made the tablet compression easier. In addition, granulation could be performed to 

see if it would improve the flow on the powder. Other factors that can affect the flow of the powder 

are the size and shape of each compound. If the compounds are round shaped the flow is usually 

better. It needs to be kept in mind though that the better the flow the higher is the risk of segregation 

of the compounds in the powder.  

6.3 Tablet compression  

Formulations 1-10 were compressed manually using tablet press with hand compression. However, 

for the final formulation, Venlafaxin Hagi, the advanced single tablet press was used. Because of 

the absence of glidants in the formulation the powders ability to flow was unacceptable and 

therefore, could the hopper not be used. The hopper is used to fill the die with the right amount of 

powder. The die was adjusted so the mass of the tablets was within the limits. The die was then 

manually filled with powder and one tablet compressed at a time. The punch used needed to be 12 

mm because each tablet weight was 600 mg which indicates that the size of the tablets needed to 

be large.  
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6.4 The standard  

The reasons for the deviation in preparation of the standard could be several. A 5000 µL and 1000 

µL pipettes were used for the preparation of the standards. Using different pipettes can lead to an 

error; furthermore, the 5000 µL pipette was not precise enough. It is possible that an error occurred 

in the first dilution from the stock solution. At last, the analytical balance available was inaccurate; 

therefore, the weighed amount of venlafaxine could have been inexact. 

The final dissolution test on Venlafaxin Actavis showed 119% dissolution of the API and 

Venlafaxin Hagi showed 114%. This excess amount of the API cannot be correct, especially for 

Venlafaxin Actavis because it is an approved drug on the market and accurate testing has been 

performed on the drug. It would be unlikely that this high excess of API would be allowed on the 

market due to toxic effects. Therefore, all these factors led to the decision to correct the deviation 

in the standard, considering the dissolution profile. 

6.5 Quality control  

Table 9 shows a summary from all the results from the Ph. Eur. quality control, as well as the 

limits. From the seven tests performed according to Ph. Eur., the uniformity of content of single 

dose preparations, friability of uncoated tablets and dissolution test failed.  

Table 9: Shows the results from all the tests done, according to Ph. Eur. 

Test Value Limits Passed(P)/Failed(F) 

Disintegration of 
tablets and capsules >30 minutes >30 minutes P 

Uniformity of mass of 
single dose 
preparations 

Average 604.15 mg 
one tablet outside 
confidence limits 

573.94-634.36 mg (5% 
confidence limits) 

543.74-664.57 mg (10% 
critical limit 2 tablets) 

P 

Uniformity of content 
of single dose 
preparations 

5 tablets failed 85-115% F 

Friability of uncoated 
tablets 1.17% 1% no tablet broken F 

Resistance to crushing 8-12.5 kg 8-13 kg P 

Size, shape and 
diameter 12.0 mm 12.0 mm P 

Dissolution Under 5%, first point 
over 20% 5% F 
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6.5.1 Disintegration of tablets 

The authors decided that the tablets should not disintegrate in less than 30 minutes. These limits 

were chosen with the extended release form in mind. The drug would not be considered an ideal 

extended release form if it had disintegrated in under 30 minutes.  

6.5.2 Uniformity of mass of single dose preparations 

The uniformity of mass succeeded in spite of problems with the advanced single tablet press. Only 

one tablet was over the confidence limits, but still within the critical limits, and therefore the 

uniformity of mass of single dose preparations passed.   

6.5.3 Uniformity of content of single dose preparations  

The uniformity of content of single dose preparations failed due to several factors. The volumetric 

flasks were not kept long enough in the ultrasonic bath. Furthermore, as soon as the powder came 

in contact with the phosphate buffer pH 6.8 a gel layer covering the powder started to form, causing 

lack of dissolution of the active pharmaceutical ingredient (see Figure 14). In addition, too much 

water was in the ultrasonic bath causing the light weighted flasks to float and fall into the bath, 

which could lead to dilution of the solutions. Due to lack of time the authors were not able to 

perform another improved test. Therefore, the results are not reliable.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

Figure 14: Shows the gel layer formed by the polymers. 
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6.5.4 Dissolution test 

In the dissolution test the pH of the phosphate buffer varied from 6.8-6.98 but did not seem to 

affect the results, as venlafaxine HCl is a pH independent compound. The adding of the buffer 

after each sample taken was done to keep the total volume of the buffer the same for the dissolution 

test. Different UV spectrophotometers were used for the measurement of the absorbance. Testing 

was done to make sure that the instruments gave similar results, which they did.  

6.5.4.1 Venlafaxin Actavis® dissolution test  
For the first dissolution test on Venlafaxin Actavis only 4 vessels were used. The reason was that 

only 4 vessels were available at that time. According to Ph. Eur. it is recommended that 6 vessels 

are used for accurate results. The first test was considered as a pre-experiment, so the time taken 

for each sample was not according to United States Pharmacopeia (USP), but only to see the 

behavior of the drug (USP, 2011). The first dissolution test showed that the maximal concentration 

for the API was right before 24 hours, or at 22 hours.  

Due to the lack of covers for the vessels, evaporation in the first dissolution test was not ideal, or 

around 115 mL. After receiving covers the evaporation was only around 20 mL so it was clear that 

the covers made a difference. All the capsules and tablets from the formulations were calculated 

with the amount of buffer in the vessel kept in mind.  

6.5.4.2 Formulations F1-F10 
For the same reason as in the first dissolution test on the Venlafaxin Actavis few vessels were 

available so only two tablets of each F1-F6 were tested. The dissolution tests indicated that the 

development of the formulations was on the right track. 

For the last four formulations only one tablet of each F7-F10 was tested. Therefore, the reliability 

was not optimal. However, due to lack of time further studies on all the formulations could not be 

performed. The authors decided to continue the research on F9 which gave the best results.  

Originally the speed was supposed to be at 100 rpm, according to USP, however, the equipment 

was shared with co-students causing the speed to be set to 50 rpm for F1-F10 and the first 

dissolution test on Venlafaxin Actavis. Six capsules and tablets of the reference drug and 

Venlafaxin Hagi were tested at 100 rpm. It is possible that tablets dissolve faster as the stress 

increases. The change in speed did not seem to have significant effect but further studies would 

need to be performed to confirm that (the difference between the first and second dissolution 

profile, where different rotary speeds are compared, can be seen in Figure E1and E2 in Appendix 

E, for Venlafaxin Actavis and Venlafaxin Hagi). 
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The first sample point at 180 minutes in the final dissolution test failed due to more than 20% 

deviation from Venlafaxin Actavis. The other sample points were within 5% deviation from 

Venlafaxine Actavis which was acceptable. However, further research would be needed to delay 

the release even more to lower the deviation in the first sample point. 

At last the t-test indicated that no statistical significance was between the drugs, since the p-value 

was 0.88. The high p-value favors the H0, but assumptions cannot be made solely on these results, 

although they strengthen the data.  

6.5.5 Friability of uncoated tablets 

The reason that the friability of uncoated tablets failed could be due to two reasons. Firstly, the 

resistance to crushing could have been too low and secondly a glidant for increased flow and 

adhesion was needed in the formulation. The final formulation needs to be further developed to 

solve this problem for example what effects granulation could have on the formulation.  

6.5.6 Resistance to crushing 

Before the resistance to crushing test was performed the tablets were tested manually by trying to 

break them by hand or see if they would brittle by force. It is ideal for the resistance to crushing 

test to have high precision, the tablets had high precision, so they passed the test. It needs to be 

considered that too much resistance could delay the release, so the dissolution would be too slow. 

Furthermore, too little resistance to crushing can have effects on friability so the balance needs to 

be obtained when resistance is determined. As a result, it would be interesting to do further research 

on different resistance to crushing rates and what effects it could have on the quality control tests 

from Ph. Eur.  

6.5.7 Size, shape and diameter of tablets 

A few selections of punches for compression led to that the tablets appearance could not be 

modified. A decision was made to make the tablets traditional, round and white, which can be 

beneficial since colorful tablets can appeal to young children. It is important to keep in mind when 

determining the appearance, that the tablets can easily be swallowed. Considering that the tablets 

were rather large, 600 mg or over, the focus was on having them as compressed as possible, to 

minimize the size.  
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7 CONCLUSIONS 

The study showed that the combination of ingredients in formulation 9; venlafaxine HCl, lactose, 

HPMC K100, HPMC 60SH-50, and MgSt gave the most promising results from the dissolution 

test, and for that reason produced as Venlafaxin Hagi. The dissolution profile of the generic drug, 

Venlafaxin Hagi, was relatively close to Venlafaxin Actavis®, but the first sample point failed. 

The quality control tests according to Ph. Eur. showed that the resistance to crushing could have 

been increased to get better friability of uncoated tablets. Additionally, the flow properties had to 

be improved to obtain easier tablet compression. 

It was a challenge to formulate a different pharmaceutical form from the reference drug and to 

obtain similar properties. Even so, it was informative to study the methods available to achieve an 

extended release.  

It would be interesting to explore other factors that could improve the formulation, such as 

granulation and adding of other excipients. Developing the polymer combination even more could 

lead to a successful dissolution profile and possibly a generic drug acceptable on the market. 

Therefore, it can be concluded that further research on the formulations properties would be needed 

for better results.  
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APPENDIX 
APPENDIX A – Research plan  

Names of students Ásdís Þóra, Guðný Björk, and Hrafnhildur  

Names of supervisors Bergþóra and Trausti  

 

Project name 

Extended release tablets, Venlafaxin Hagi a generic drug 

Brief description of the project: Explain the premises, the main objectives, the materials 

and the implementation and where the project will be carried out. 

In this project the main goal is to design and formulate a generic prolonged release capsules 

of venlafaxine, used to reduce signs of depression and anxiety disorder.  

The active pharmaceutical ingredient is venlafaxine and the following excipients are used in 

the comparison drug Venlafaxin Hagi: Sugar spheres, HPC, HPMC, Talc, Ethyl cellulose, 

Dibutyl sebacate, Oleic acid and Colloidal anhydrous silica.   

The main aim is to design equivalent tablets with less than 5% error and to perform the 

following Ph. Eur. test: dissolution, disintegration of capsules, uniformity of mass and 

uniformity of content.   

Milestones - marking progress in the project. - Define 2-3 guards each month. The guards 

will be used to monitor the progress of the project. - The guards should be timed and just one 

sentence to describe each guard. 



	

 II 

January 

- M1 - 15. Jan research plan is ready.  

- M2 - 20. Jan Dissolution of Venlafaxin Actavis®.   

February 

- M1 - 15. Feb summarise the lab results.  

- M2 - 17. Feb write the draft of the introduction chapter.  

- M3 - 21. Feb hand in the draft of project report. 

March 

- M1 - 6. March research plan 2 is ready. 

- M2 - 23. March ph. Eur tests done on comparison drug.  

April 

- M1 - 17. April processing the data results.  

- M2 - 24. April hand in the final report.  

Timetable:  

January 2020 

 

1. Research ingredients and materials that will be used in the formulation of the 

comparison drug.  

2. Testing the brand-name drug, dissolution test. (HH) 

3. Prepare the 0.2 M phosphate buffer pH 6.8. (GBP)  

4. Calculate and prepare the standard. (ÁÞH) 

5. Create the master.  

6. Begin writing the introduction chapter.  

 

February 2020  

 

1. Formulate with different kinds of polymers. (GBP) 



	

 III 

2. Ingredients for the final product determined. (ÁÞH)  

3. Introduction chapter ready.  

4. Proportions of the ingredients decided. (HH) 

March 2020 

 

1. Continue formulating with different kinds of polymers if not achieved yet. (GBP) 

2. Ph. Eur. tests done on the final product. (ÁÞH, HH) 

April 2020  

Unclear at this stage of the project. 

Are all facilities, data, equipment, tools and / or materials available to complete the 

project? 

Yes/No 

If no - Explain what is missing and who will take care of it and when it will be done. - The 

students always have to check that this is done. 

 

Key uncertainties - Explain the major uncertainties that may affect the progress of the 

project. 

The proportions of each ingredient needed to get the formulation as wanted.  

Also, the right blend of materials to achieve the final formulation.   
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APPENDIX B - Draft of production master 

Type of file: 
Draft 1 of production master 

 
 

 Venlafaxin Hagi 
extended release tablets 

150 mg 
 

 
Bachelor of Science project 2020 

Page 1 of 9  

Faculty: 
Faculty of Pharmaceutical 
Sciences  

Number of file:  
LYF618G - 03  

Production number: 
      

Authors: 
Ásdís Þóra Halldórsdóttir, 
Guðný Björk Proppé & 
Hrafnhildur Hauksdóttir 

Production date: 
 

Production master date: 
27. January 2020 

Manufacturers: 

A. PREPARATION OF PRODUCTION 

A.1   Production employees  

Full name (with letters) Full name (signature) Initials 

   

   

   

   

 
A.2 Manufacturers occupational safety and health  

Take jewelry off before entering the airlock.  

In airlock: 

1 Put on a lab-coat  

2 Put on hair cover correctly 

3 Put on shoe covers  

4 Walk into production area 

Introduction area: 

● Put on dust masks  

● Wear safety goggles 

● Sterilize your hands  

● Put on gloves 
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Type of file: 
Draft 1 of production master 
 

 
 

Venlafaxin Hagi extended 
release tablets 150 mg 
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Faculty: 
Faculty of Pharmaceutical 
Sciences  

Number of file:  
LYF618G - 03  

Production number: 
      

Authors: 
Ásdís Þóra Halldórsdóttir, 
Guðný Björk Proppé & 
Hrafnhildur Hauksdóttir 

Production date: 

Production master date: 
27. January 2020 

Manufacturers: 

 

A.3 Rinsing before production  

 
The production area is clean and there are no chemicals or materials from the previous batch. 

Date and initials: _____________________________________ 

 
 

A.4 Equipment ready for use 
 

 Performed 

by/Approved by: 

Following equipment gathered:  

1 sieve 250 µm 

3 steel- or plastic spoons 

3 spatulas 

1 beaker for measuring 

1 50 ml measuring cylinder 

1 mixing bowl  

5 weighing boats  

 

Sieve is whole (estimated visually) 
 

Scale is clean and ready for use 
 

Tablet press machine used: _____________________ is clean and ready for use 
 

Punches number: __________________ used and they are clean 
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Type of file: 
Draft 1 of production 
master 
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Faculty: 
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Number of file:  
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Production number: 
      

Authors: 
Ásdís Þóra Halldórsdóttir, 
Guðný Björk Proppé & 
Hrafnhildur Hauksdóttir 

Production date: 
 

Production master date: 
27. January 2020 

 

Manufacturers: 
 

 
 

A.5 Production prescript  

In production shall the following prescript be used.  

Prescript is to be based on production of 2000 tablets.  

Amount per 

tablet 

Calculated amount in 

prescript* 

I. Venlafaxine Hydrochloride 
169.737 mg  

II. Lactose monohydrate 200M 
184.263 mg  

III. HPMC K100  
210   

IV. HPMC 60SH-50 
30 g                    

V. Magnesium Stearate 
1%  

 
Prescript calculated by: 
 
Date and initials _____________________________________ 
 
 
Confirmed that all factors in section A have been performed: 
 
Date and initials:  _____________________________________ 
 

* File also in section B.1 
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Type of file: 
Draft 1 of production 
master 
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Production number: 
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Ásdís Þóra 
Halldórsdóttir, Guðný 
Björk Proppé & 
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Production date: 
 

Production master date: 
27. January 2020 

 

Manufacturers: 
 

B. WEIGHING FOR PRODUCTION  
 

B.1 Weighing of substances 

Weigh the exact amount of stated 
substances and put them in a plastic bag. 

 

Lot 
number 

 

Amount 
(g)  

(Prescript A.5) 

 

Amount 
(g)  

(weighed) 

 

Performed 
by:  

 

Accepted  

I. Venlafaxine Hydrochloride 
     

II. Lactose monohydrate  
     

III. HPMC 60SH-50 
     

IV. HPMC K100 
     

Materials are put in a plastic bag in this 
order: II, I, III, IV.  
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Production date: 
 

Production master date: 
27. January 2020 

Manufacturers: 
 

C. MIXING 
 

C.1 Mixing of substances and adding of magnesium stearate 

 Performed 

by: 

Accepted 

Shake the plastic bag with the substances from section 

B.1 vigorously for 1 minute, for mixing.  

Shaken (time): 

________min 

  

Sieve the mix through 250 µm sieve.  Sieved through sieve: 
__________ 

  

Calculations on the amount needed of magnesium 

stearate to add to the mix.  

Lot number:  

___________ 

Amount weighed:  

____________ g 

  

Mixing of substances with magnesium stearate: 

● About half of the mix is put in the plastic bag 

again. 

● The magnesium stearate is added to it.  

● The other half is then poured in the bag as 

well.  

● The plastic bag is shaken vigorously for 1 

minute for good mixing.  
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Draft 1 of production 
master 
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Production date: 
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Manufacturers: 

 
 

C.2   Testing on powder before tablet compression 
 

 
 

Performed 
by: 

Accepted 

 
Powder flow: Use the method angle of repose, 
found in Ph. Eur. 2.9.36 (Powder Flow).  
 
 

 
Length: ____________ cm 
 
Hight: _____________ cm 
 
Angle: ___________ 
 

  

 
 

Bulk density and tapped density of powder 
 
Bulk density: 
Tare a measuring cylinder on a balance.  
Weigh 20 g of the powder in the measuring 
cylinder and note the volume.  
 
Calculate bulk density. 
 
Tapped density: 
Take the measuring cylinder and tap it lightly on 
the table 100 times. Note the volume.  
 
Calculate tapped density (Hausner ratio).  

 
Bulk density 
 
Volume:____ ml 
 
Amount weighed: ______ g 
 
Bulk density on substances: 
_________ g/ml 
 
 
Tapped density 
 
Vibration:  
________________  
 
Powder volume:  
______________ ml (Vf) 
 
Hausner Ratio: 
 

 _______________ 
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D. TABLET COMPRESSION AND MEASUREMENTS  
 

D.1 Tablet compression 

  
Performed 

by:  

Approved 

I. The tablet pression is performed in 

Vanguard CP501 tablet press using 12 

mm punches. 

Punches: 

_________mm 

  

II. Insert the punches in the instrument and 

securely fasten them. Turn the wheel 

carefully until the upper punch fits in the 

matrices. Observe that the upper punch 

does not run too far down so that the upper 

and lower punch won't collide. Adjust the 

lower punch so that it detaches the tablet.   

Upper punch adjusted: 

Yes / No 

Lower punch adjusted: 

Yes / No 

  

III. Insert the hopper and fill it with powder. 

Turn the wheel carefully until the first 

tablet is ready. Adjust the pressure (only 

by adjusting the upper punch) so that the 

tablet will hang together. Weigh the tablet. 

If the tablet is too light or too heavy, the 

lower punch needs to be adjusted so that a 

right amount of powder enters the 

matrices. 
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IV. Repeat section II and III until the tablet has 

reached the right weight.   

   

V. Turn the instrument on.  
   

VI. Collect tablets into a clean bowl.  
   

VII. Collect tablets and check if the weight (n 

= 10-20) and crushing strength (n = 3-4) is 

within the correct limit. 

Weight: 

______________ 

Crushing strength: 

      ___________   
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D.1 Tablet compression  
 

 
Performed by: Approved 

 

If the tablets are not within the limits shall they 
be disposed of and the tablet press adjusted as 
stated above (section 1-4).  

 

   

 

Press tablets from the substances and calculate 
the amount based on weight.  

 
Weight: ___________ 

 
Amount: __________ 
 

  

 
 

D.2 Cleaning on tablet press and equipment   

 Cleaned Approved 

Clean the tablet press, including hopper, funnel et cetera.   
  

Clean the punch and matrices.  
  

Clean the scale and the surroundings.  
  

Clean all containers that were used for the production.  
  

Clean the floors and tables around the production area. 
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Tablet press and equipment are clean and ready for next production  

Date and initials _____________________________________ 
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Comments in production  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Production master reviewed and approved  

 

Date and initials____________________________________    

 

Date and initials_____________________________________ 

 

Date and initials _____________________________________ 

 

If declined, why: _________________________________________________________ 
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Certificate of Analysis 
 

Hagi Pharma 

Name of the drug:  Production date: 

Lot number: Expiration date: 

Type of test Standard  Conclusion Method/Ph. Eur. 

chapter 
    

Disintegration    

 
2.9.1 

 
  

 

Dissolution test   

 
2.9.3 

 
  

 

Uniformity of 

content 

  

 
2.9.6 

 
  

 

Friability (%)   

 
2.9.7 

 
  

 

Resistance to 

crushing (N) 

  

 
2.9.8 

 
  

 

Uniformity of 

mass  

  

 
2.9.5 

 
   

Appearance White, round 

tablets 

 

 

 

Diameter ___ mm   
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Deviation or other comments according to production master:   
 

 
Production: Approved / Declined 
 
If declined, why: ___________________________________________________ 
 
Signature   
___________________________________________________ 
 
___________________________________________________ 
 
___________________________________________________ 
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APPENDIX C – Reference drug 
 

Table C1: Ingredients in the reference drug, Venlafaxin Actavis® (Sérlyfjaskrá, 2020). 

Granule Film coat 

Venlafaxine Venlafaxine 

Sugar spheres Talcum 

HPC Ethylcellulose 

HPMC K4M HPMC K100M 

Ethylellulose Dibutyl Sebacate 

 Oleic acid 

 Silica 

 

APPENDIX D - Standard curve  

Table D1: Concentration and absorbance for the first standard curve. 

Concentration 
(µg/mL) 

Concentration 
(mg/mL) 

Absorbance 
(Au) 

53.13 0.053130 1.949 

26.56 0.026560 1.012 

13.28 0.013280 0.513 

6.640 0.006640 0.292 

3.984 0.003984 0.176 

2.390 0.002390 0.112 

 



	

 XVIII 

 

Figure D1: Shows the first standard curve made. 
 

Table D2: Corrected concentration for standard. 

Concentration 
(mg/mL) 

Concentration 
(µg/mL) 

Absorbance 
(Au) 

0.0500 50.0 1.896 

0.0250 25.0 0.956 

0.0125 12.5 0.458 

0.00625 6.25 0.208 

0.00313 3.13 0.092 

0.00156 1.56 0.047 

 

 

Figure D2: Shows the uncorrected standard curve and the equation of the trendline.  
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APPENDIX E - Dissolution tests 
 

Table E1: Weighed ingredients and pH of Phosphate buffer. 

Buffer (I) Na2HPO4 
(g) 

(II) (NaH2PO4)*H2O 
(g) 

(III) H2O 
(mL) pH DD/MM/ÁÁ 

1 16.3396 17.0490 4800 6.80 20.01.20 

2 16.3375 17.0397 4800 6.96 20.01.20 

3 16.3325 17.0446 4800 6.95 
(6.92) 27.01.20 

4 16.3399 17.0415 4800 6.94 29.0120 

5 16.3371 17.0370 4800 6.86 13.03.20 

6 16.3380 17.0437 4800 6.92 16.03.20 

 
 

 

Figure E1: Shows the dissolution profile for the first and second dissolution test for Venlafaxin Actavis® 
which were performed at different rotary speeds. 
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Figure E2: Shows the dissolution profile for the first and second dissolution test for formulation 9 which 
were performed at different rotary speeds. 

 

Table E2: Absorbance and dilution from the first dissolution test on Venlafaxin Actavis®. 

Time 
(min) 

 

Dilution 
of sample 

Vessel 1 Vessel 2 Vessel 3 Vessel 4 

Absorbance (Au) 

60 - 0.478 0.489 0.527 0.540 

120 - 1.504 1.512 1.565 1.578 

240 2:2 1.625 1.575 1.740 1.739 

400 2:2 2.100 2.134 2.178 2.216 

600 2:2 2.400 2.499 2.456 2.560 

720 3:1 1.429 1.483 1.484 1.459 

1230 3:1 1.793 1.895 1.789 1.914 

1440 3:1 1.640 1.891 1.763 1.788 
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Table E3: Absorbance and dilution from the final dissolution test on Venlafaxin Actavis®. 

Time 

(min) 

Dilution 

of sample 

Vessel 1 Vessel 2 Vessel 3 Vessel 4 Vessel 5 Vessel 6 

Absorbance (Au) 

180 - 1.207 2.303 2.244 2.370 2.332 2.360 

360 3:1 1.037 1.048 0.9780 1.060 1.049 1.058 

720 3:1 1.425 1.407 1.354 1.420 1.398 1.410 

1200 3:1 1.584 1.603 1.528 1.620 1.590 1.611 

1380 3:1 1.657 1.658 1.598 1.678 1.613 1.662 

 
 

Table E4: Absorbance and dilution from the dissolution test on formulations 1-3. 

Time 
(min) 

 

Dilution 
of sample 

F1 F2 F3 

Absorbance (Au) 

10 - 3.085 0.463 0.296 

30 - - 1.059 0.637 

60 - - 1.736 1.152 

90 - - 2.079 1.417 

120 - - 2.431 1.713 

380 2:2 - 2.106 1.630 

1200 3:1 - 1.373 1.327 

 
Table E5: Absorbance and dilution from the dissolution test on formulations 4-6. 

Time 
(min) 

 

Dilution 
of sample 

F4 F5 F6 

Absorbance (Au) 

60 - 2.555 1.337 1.706 

120 2:2 (except F5) 2.050 1.908 1.362 

240 3:1 1.371 1.399 1.190 

540 3:1 1.372 1.002 1.231 

1200 3:1 1.415 1.334 1.172 
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Table E6: Absorbance and dilution from the dissolution test of formulations 7-10. 

Time 
(min) 

 

Dilution 
of sample 

F7 F8 F9 F10 

Absorbance (Au) 

60 - 1.283 1.512 1.442 1.308 

120 - 2.159 2.322 2.249 2.065 

240 3:1 0.846 0.996 0.819 0.749 

340 3:1 1.019 1.101 1.024 0.919 

830 3:1 1.412 1.592 1.470 1.363 

1440 4:1 1.351 1.459 1.489 1.529 

 
Table E7: Final dissolution test on Venlafaxin Actavis®. 

Time 
(min) 

Concentration (mg) Average 
(mg) Dissolved 

KAR 1 KAR 2 KAR 3 KAR 4 KAR 5 KAR 6 

180 57.3546 54.2554 52.8785 55.8424 54.9322 55.5856 55.141 37% 

360 98.4546 99.74426 93.2177 100.863 99.8375 100.677 98.799 66% 

720 133.977 132.860 127.932 134.069 132.023 133.139 132.33 88% 

1200 148.484 150.461 143.516 152.128 149.257 151.202 149.17 99% 

1380 155.234 155.327 149.779 157.176 151.166 155.697 154.06 103% 

 
Table E8: Final dissolution test on Venlafaxin Hagi. 

Time 
(min) 

Concentration (mg) 
Average 

(mg) Dissolved 
KAR 1 KAR 2 KAR 3 KAR 4 KAR 5 KAR 6 

180 68.8948 67.1340 68.2924 68.7558 68.1071 69.4509 68.4390 46% 

360 103.949 102.113 105.603 101.194 103.949 102.939 103.291 69% 

720 143.175 138.661 138.661 139.203 142.182 137.758 139.940 93% 

1200 153.459 151.609 141.125 148.349 156.191 147.381 149.686 100% 

1380 151.488 148.259 139.532 144.506 145.554 152.361 146.950 98% 

 


