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ABSTRACT 

Purpose: Venlafaxine hydrochloride sustained release formulation increases patient compliance by reducing frequency 
of administration and it also reduces side effects like nausea and vomiting. Hence the objective of present investigation 
was to develop triple layer sustained release tablets of venlafaxine HCl using xanthan gum or polyethylene oxide. 
Methods: The venlafaxine HCl 150 mg sustained release tablets were prepared by wet granulation technique where 
drug was incorporated in middle layer with part of polymer. The barrier layers were composed of remaining polymer 
and other excipients. The granules and tablets were characterised. Optimized batches were also tested for drug release at 
different pH and in presence of ethanol, for kinetics of drug release and for water uptake/swelling. Results: Preliminary 
trials of monolayer tablet showed burst release due to high dose and solubility of venlafaxine HCl and hence triple layer 
tablets were developed. Granules of middle layer exhibited good flow properties. The comparative drug release to Ef- 
fexor® XR capsule 150 mg could be achieved by modulating the concentration of polymer and diluents in middle layer 
as well as in barrier layers. Higher amount of polyethylene oxide was required as compared to xanthan gum which may 
be due to high water uptake and poor gel strength of polyethylene oxide. The optimized formulations showed pH inde- 
pendent drug release as well as ethanol had no effect on drug release. Effexor® XR capsule and optimized batches fol- 
lowed Weibull kinetics for drug release. The radar diagrams showed the comparable drug release to innovator in both 
the optimized formulations but point to point correlation was observed in batch with xanthan gum. Conclusion: The 
layered matrix tablets formulated successfully using hydrophilic polymers, xanthan gum or polyethylene oxide, to sus- 
tain the release of highly soluble drug like venlafaxine HCl. 
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1. Introduction 

Hydrophilic polymer matrix systems are first choice of 
researchers to modify the drug release as they are highly 
flexibile to obtain a desirable drug release profile [1]. 
Matrix tablets are easy to formulate and optimized to 
control the release of drug and thus maintaining a thera- 
peutically effective concentration in the systemic circula- 
tion for quire a long time which results in to reduced dos- 
ing frequency and improving patient compliance [2,3]. 
Hypromellose, sodium carboxymethylcellulose, xanthan 
gum, guar gum, polyvinyl alcohol, polyethylene oxide 
and carbopols® are a few examples that have been exten- 
sively evaluated as hydrophilic polymers to modify re- 
lease of variety of drugs i.e. poorly soluble to highly  
soluble. Formulation of layered tablets known as geo- 

metric® tablets can be explored to design the drug release 
profile as per the requirement and to prevent burst release 
specially with highly soluble drugs like venlafaxine HCl. 
Two or three layered tablets can be formulated where 
drug may be in all layers or only in middle layer [4-6]. 

Due to higher aqueous solubility of drug, it is a chal- 
lenge to formulate extended release tablets. Many re- 
searchers explored xanthan gum alone or in combination 
with other hydrophilic polymer as a matrixing agent for 
controlling the drug release [7-12]. It’s the only micro- 
bial polysaccharide produce on large scale which is 
non-toxic in nature and swells when comes in contact 
with gastric fluid. It is an excellent release retardant 
material and has been used for development of matrix 
tablets of many model drugs like prednisolone and in- 
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domethacin [13,14]. 
Polyethylene oxide (PEO) is water soluble resin, avail- 

able in different grades under the brand name of Polyox®. 
These were explored in melt granulation technology due 
to lower melting points. Further more high viscosity 
grades showed matrixing properties similar to hypromel- 
lose and hence could be explored for formulation of ma- 
trix tablets [15-17]. They are available in direct compres- 
sion grade with good flow properties. They are sensitive 
to oxidation and hence contained antioxidant. These 
polymers are biocompatible and various grades can be 
used together to get required properties which attract the 
researcher to explore them for verity of uses. These have 
been used for controlling the drug release by few scien- 
tists [18-20]. 

Venlafaxine HCl is an antidepressant which structur- 
ally differs from other class of antidepressants [21]. Hy- 
drochloride salt of venlafaxine is having high aqueous 
solubility (572 mg/ml) and short biological half-life (5 ± 
2 h) which make it, a suitable candidate for the develop- 
ment of once a day formulation. It is difficult to admin- 
ister the drug to psychotic patient and formulation of 
extended release dosage form reduces the frequency of 
administration. Furthermore, it is reported that the ex- 
tended release formulation of venlafaxine HCl was toler- 
ated well by the patients without side effects like nausea 
and dizziness [22]. Thus it is logical to develop once a 
day formulation for improved patient compliance and to 
reduce side effects. 

The objective of the current study was to elucidate the 
release of venlafaxine HCl using xanthan gum or poly- 
ethylene oxide as matrixing agents. Effexor® XR Cap- 
sules 150 mg manufactured by Wyeth Pharmaceuticals 
Inc. was used as reference product. Two formulations 
were developed using systematic quality by design ap- 
proach, having comparative drug release profile with 
innovator product. 

2. Materials and Methods 

2.1. Materials 

Venlafaxine HCl (D (v, 0.1) < 2.79 µ, D (v, 0.5) < 10.04 
µ and D (v, 0.9) < 43.98 µ) was received as a gift sample 
from Cadila Healthcare Ltd., Ankleshwar. Xanthan gum 
was obtained from Alok International, Mumbai. Poly- 
ethylence oxides (Polyox WSR 303) were obtained from 
Union Carbide, USA. Microcrystalline cellulose (Avicel 
PH 101, FMC Biopolymer, USA) and lactose monohy- 
drate (Pharmatose DCL 21, DMV International Inc., The 
Netherlands) were used as received. Magnesium stearate 
was purchased from Laser Chemicals, Ahmedabad. Ef- 
fexor® XR Capsules 150 mg (Wyeth Pharmaceuticals 
Inc., Expiry date: 04/2011) was used as a reference 

product. 

2.2. Methods 

2.2.1. Monolayer Tablets 
Drug and polymer in 1:1 ratio was used for formulation 
of monolayer tablet (Batches X1, X2 and P1). The ingre- 
dients were passed through mesh 30 # and dry blended. 
The dry mix was granulated with water and the wet mass 
was dried in a tray dryer at 60˚C ± 5˚C temperature till 
percent loss on drying was below 3%. The blend was 
then sieved through mesh 24 #, lubricated and com- 
pressed in to tablets. The tablets were evaluated for 
crushing strength, thickness, friability, weight variation 
and in vitro drug release. 

2.2.2. Triple Layer Tablets 
Triple layer tablets were prepared by putting drug free 
barrier layers on either side of the middle layer. The 
middle layer contained venlafaxine HCl, part of polymer 
and microcrystalline cellulose (Avicel PH 101). These 
granules were prepared same as monolayer tablets and 
formed the core layer (batches X3 to X8, Table 1). The 
barrier layer consists of part of polymer, diluent and 
magnesium stearate. Three layered tablets were com- 
pressed using 16 station rotary tablet press (Karnavati 
Engineering Ltd., Mehsana, India) and evaluated as 
above.  

Seven batches (P2 to P8) were prepared as per simplex 
lattice design for optimization of polyethylene oxide 
concentration to obtain drug release profile similar to 
reference product (Table 2). The linear interactive full  
 
Table 1. Composition of venlafaxine HCl tablets containing 
xanthan gum. 

Batch Code 
Ingredients 

(mg) 
X1 X2 X3 X4 X5 X6 X7 X8

Intragranular/Middle Layer Composition 

Venlafaxine HCl** 169.8 169.8 169.8 169.8 169.8 169.8 169.8 169.8

Xanthan gum 42.5 63.7 42.5 42.5 22.5 42.5 42.5 42.5

Avicel PH 101 53.0 53.0 53.0 53.0 53.0 53.0 53.0 53.0

Extragranular/Barrier Layer Composition 

Xanthan gum 127.4 191.0 127.4 127.4 127.4 85.0 75.0 65.0

Avicel PH 101 - - 50.0 - - - - - 

Pharmatose  
DCL 11 

- - - 50.0 50.4 50.2 60.2 70.2

*Each batch contains 7.5 mg of magnesium stearate; **Venlafaxine HCl 
168.9 mg is equivalent to venlafaxine 150 mg. 
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Table 2. Composition of venlafaxine HCl tablets containing 
polyethylene oxide. 

Batch code Ingredients 
(mg) P1 P2 P3 P4 P5 P6 P7 P8

Core layer 

Venlafaxine 
HCl** 

169.8 169.8 169.8 169.8 169.8 169.8 169.8 169.8

Polyox WSR 
303 

42.0 
42.0 
(0) 

42.0 
(0) 

62.0 
(1) 

42.0 
(0) 

52.0 
(0.5) 

52.0
(0.5)

48.7
(0.33)

Avicel PH 101 52.3 53.0 53.0 53.0 53.0 53.0 53.0 53.0

Barrier layers 

Polyox WSR 
303 

75.0 
110.0 

(1) 
80.0 
(0) 

80.0 
(0) 

95.0 
(0.5) 

80.0 
(0) 

95.0
(0.5)

90.0
(0.33)

Pharmatose 
DCL 11 

60.0 
40.0 
(0) 

60.0 
(1) 

40.0 
(0) 

50.0 
(0.5) 

50.0 
(0.5) 

40.0
(0)

46.7
(0.33)

*Each tablet contained 1.5% magnesium stearate. The parenthesis shows the 
transformed value of independent variables; **Venlafaxine HCl 168.9 mg is 
equivalent to venlafaxine 150 mg. 

 
model is shown below: 

1 1 2 2 3 3 12 1 2 13 1 3 23 2 3Y b X b X b X b X X b X X b X X       

(1) 
where Y is the dependent variable; bi is the estimated 
coefficient for the factor Xi Three way interactions were 
suppressed to perform regression analysis. The reduced 
model was developed by eliminating insignificant terms 
(P > 0.05) from the full model. The dependent variables 
were the percentage drug dissolved at 1, 4, 10 and 24 h.  

2.3. In Vitro Dissolution Studies 

In vitro drug release study (n = 3) was carried out in USP 
apparatus I (Electrolab TDT 06-T, Mumbai, India) in 900 
mL of distilled water at 37˚C ± 0.5˚C. Five mL samples 
were pulled at predetermined times. The drug solution 
was replaced with equal volume of distilled water. The 
samples were diluted with water and analyzed at 226 nm 
using UV visible spectrophotometer (Shimadzu-1700, 
Japan). The dissolution study was also performed for 
reference product (Effexor® XR Capsules 150 mg).  

3. Evaluation of Optimized Batches 

3.1. Drug Release at Different pH 

The dissolution study of the optimized batches and ref- 
erence was also performed in 0.1 N HCl, phosphate 
buffer (pH 6.8). The effect of ethanol on drug release 
was also evaluated by replacing 10% distilled water with 
ethanol. 

3.2. Drug Release Kinetics 

In order to investigate the kinetics of drug release from 

matrix tablets, the data of in vitro drug release of opti- 
mized batches were fitted to different models [23-27]. 
The software was developed using FORTRAN language 
for zero order, first order, Higuchi, Hixson-Crowell, 
Korsmeyer-Peppas and Weibull models. The Fisher’s 
ratio (F) was employed to select the most appropriate 
kinetic model. The model selection was done by the 
method of Bamba [28]. 

3.3. Water Uptake and Swelling Study  

Tablet of Batches X7 and P7 were subjected to water 
uptake and swelling studies [29]. The tablets were kept in 
a beaker containing 100 mL distilled water maintained at 
37˚C ± 2˚C. At selected time points, the tablets were 
withdrawn, wiped with tissue paper and weighed. The 
percent water uptake by the tablet was calculated using 
the following formula: 

  00
Percentage water uptake 100  tW W W      (2) 

where Wt is weight of tablet at time t and W0 is initial 
weight of the tablet. Axial and radial swelling was also 
calculated using thickness and diameter instead of weight 
in above formula.  

3.4. The Radar Graphs 

In the dissolution study, higher or lower % drug release, 
than a target value is permitted up to a certain limit. Shah 
et al. proposed that the maximum difference can be 10% 
(f2 = 50) for establishing similarity in dissolution [30]. 
The dissolution profile of reference product (Effexor® 
XR 150 mg) was considered as ideal release pattern. The 
percent drug release of reference product will get a score 
of five (ideal) on a scale of zero to ten. The lowest and 
highest permissible % of drug release will get a score of 
zero and ten respectively. The scores of optimized 
batches (X7 and P7) were calculated at each dissolution 
time point.  

  Score 5 % % 2t tT R          (3) 

where %Tt is percentage drug released from test batch 
while %Rt is percentage drug released from reference 
product at the same time. 

4. Results and Discussion 

The present study was aimed to develop extended release 
matrix tablets of venlafaxine HCl using hydrophilic 
polymer. Effexor® XR 150 mg capsule was the innova- 
tors product containing coated pellets. The dissolution of 
the reference product was targeted for the developed 
venlafaxine HCl matrix tablets. Distilled water was used 
as primary dissolution media as food and drug admini- 

Copyright © 2013 SciRes.                                                                                   PP 



Development and Optimization of Venlafaxine Hydrochloride Sustained Release Triple Layer  
Tablets Adopting Quality by Design Approach 

12 

stration (FDA) endorses the use of it as a dissolution me- 
dium for the generic version of venlafaxine HCl. Disso- 
lution profile of Effexor® XR capsule is shown in Figure 
1 which reveals that the drug release was less than 25% 
in first 2 h. The slower initial drug release indicates that 
the pellets of reference product might be coated with 
water insoluble coating material. Two points need to be 
kept in mind before starting the development of generic 
version for Effexor® XR Capsules. These are higher 
aqueous solubility of venlafaxine HCl (572 mg/mL) and 
the pellets are coated with water insoluble material like 
ethyl cellulose which is filled in a capsule as a brand 
formulation. These indicate that higher solubility gives 
higher drug release at initial time points which need to be 
reduced by coating or formulation of layered tablets to 
match the drug release of developed formulation with 
reference product. 

Direct compression method was not feasible due to 
poor flow properties of drug. The lubricated blends were 
prepared (Batch X1 to X8) and found to have good flow 
properties in terms of angle of repose (23˚ to 26˚), Carr’s 
index (16% to 19%) and Hausner ratio (1.16 to 1.21). 
Monolayer tablets, Batches X1 and X2 were prepared 
using 1:1 and 1:1.5 drug to polymer ratio respectively 
(Table 1). The standard concave tablets showed accept- 
able crushing strength (>6 kp) and friability (<1%). The 
problems of weight variation and content variation were 
not observed. Batches X1 and X2 showed burst drug re- 
lease as expected as compared to reference product but 
he drug release was slower at later time points (Figure 1). 
This indicates that the required release profile could not 
be achieved by only altering the concentration of xanthan 
gum.  

The problem of fast drug release in earlier phase of 
dissolution testing can be resolved either by coating the 
matrix tablet or by formulating layered tablets. Multi- 
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Figure 1. Comparative drug release profiles of monolayer 
tablet of venlafaxine HCl 150 mg containing xanthan gum 
(Batches X1 and X2). 

layer tablets have been developed by scientists for ob- 
taining better control of drug release from hydrophilic 
polymeric systems [6,31,32]. The surface area exposed to 
the dissolution medium is reduced in layered tablets and 
hence the burst drug release can be arrested. Batches X3 
and X4 were formulated as triple layer tablets where drug, 
part of polymer and part of diluents were granulated and 
formed the middle layer. The barrier layers were made 
up of remaining part of polymer, diluent and lubricant 
(Table 1). Burst release was not observed and both the 
batches showed slower drug release after 2 h then re- 
quired (Figure 2). Thus there is need to increase the drug 
release at later time points without affecting the initial 
release. This could be achieved either by reducing the 
concentration of polymer in core layer and barrier layers 
or by increasing the concentration of Pharmatose DCL, a 
water soluble diluent to increase number of pore forms in 
barrier layers. Hence Batches X5 to X8 were prepared as 
shown in Table 1. Batch X7 showed drug release com- 
parable to the Effexor® XR capsules (f2 = 74) and hence 
was selected as optimized batch with xanthan gum (Fig- 
ure 3). 

Batch P1 was prepared using drug to Polyox WSR 303 
in ratio of 1:1 respectively and drug release profile was  
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Figure 2. Comparative drug release profiles of triple layer 
tablets of venlafaxine HCl 150 mg containing xanthan gum 
(Batches X3 and X4). 
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Figure 3. Comparative drug release profiles of triple layer 
tablets of venlafaxine HCl 150 mg containing xanthan gum 
(Batches X5 to X8). 
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compared with reference product and with Batch X1 
(Figure 4). Matrix tablet containing polyox WSR 303 
showed faster drug release as compared to xanthan gum. 
This may be due to fast hydrating nature with poor gel 
strength of Polyox WSR 303. Hence, higher amount of it 
may be required to formulate the matrix tablets to achi- 
eve drug release profile similar to Batch X7. The per- 
centages of polymer in barrier layers, in middle layer as 
well as amount of diluent are important variable affecting 
the drug release. It was decided to use mixture design to 
optimize the formulation. Hence the amount of Polyox 
WSR 303 (X1, 80 mg to 110 mg) and of Pharmatose DCL 
11 (X2, 40 mg to 60 mg) in barrier layers and the amount 
of Polyox WSR 303 (X3, 42 mg to 62 mg) in core layer 
were selected as independent variables in the Simplex 
lattice design (Table 2). The formulated batches showed 
acceptable granules and tablet characteristics. The drug 
release profiles are shown in Figure 5. The values of 
similarity factor f2 were 65, 52, 61, 70, 53, 72 and 67 
respectively for Batches P2 to P8. The drug release at 
different time (Y1, Y4, Y10 and Y24) was selected as de- 
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Figure 4. Comparative drug release profiles of venlafaxine 
HCl tablets 150 mg containing xanthan gum and polyeth-
ylene oxide (Batches X7 and P1). 
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Figure 5. Comparative drug release profiles of simplex 
batches containing polyethylene oxide (Batches P2 and P8). 

pendent variables. The low and high values of independ- 
ent variable were transformed as 0 and 1 respectively. 
The reduced models containing significant terms are 
shown below: 

1 1 212.51 15.07 13.95Y X X 3X            (4) 

4 1 2 339.40 48.87 42.60 33.49Y X X X X 2 3X      (5) 

10 1 2 3 2 379.08 93.94 88.08 40.63Y X X X X X      (6) 

24 1 2 395.92 98.48 98.36Y X X X           (7) 

The check-point Batch P9 (X1 = 0.6, X2 = 0.2 and X3 = 
0.2) was prepared to validate models (Equations (4)-(7)). 
The experimental values of Y1, Y4, Y10 and Y24 were 11.6, 
41.1, 82.6 and 99.5 respectively. The computed values 
were 13.4, 43.3, 85.5 and 96.9. Good agreement between 
observed and predicted values shows predictive capabil- 
ity of equations. Batch P7 was selected as optimized 
batch as it showed highest similarity (f2 = 72) with the 
reference product. 

The dissolution data of the reference product and the 
test formulations (Batches X7 and P7) in 0.1 N HCl and 
phosphate buffer (pH 6.8) are depicted in Figure 6. The 
optimized batches showed similar dissolution in acidic 
and basic dissolution media. The solubility, swelling and 
gelling tendencies of major ingredients in tablets may 
have remained same in the acidic and basic medium. 
Both the polymers showed pH independent drug release.  

The FDA has suggested the testing of modified release 
dosage forms in dissolution media containing ethanol. 
The FDA mentions that the potentially fatal interaction 
of a modified release system might be observed on con- 
sumption of alcohol which results in impairment of the 
formulation and dose dumping [33,34]. Ten percent etha- 
nol, typical of those found in alcoholic beverages, was 
included in dissolution media (distilled water). The dis- 
solution study of Batches X7 and P7 were performed 
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Figure 6. Comparative dissolution profiles of reference and 
optimized batches in 0.1 N HCl and phosphate buffer (pH 
6.8). 
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data points fall on or near the ideal line while the data of 
Batch P7 shows more deviation. The sums of absolute 
value of difference between reference and test at all time 
points were 8.7 and 22.7 respectively for Batches X7 and 
P7. The low values of computed difference quantitatively 
show the similarity. The value of sum can vary between 
0 (ideal) and 40 (borderline case). The radar diagram can 
be used to show the comparative drug release profiles in 
a novel way. We can conclude that Batch X7 shows point 

using same dissolution conditions with and without 
ethanol. Batches X7 and P7 showed similarity factor (f2), 
92 and 85, respectively with and without ethanol. The 
matrix of xanthan gum and polyethylene oxide did not 
collapse in either water or in hydroalcoholic medium. 
Thus we can conclude that both the developed formula- 
tions are robust and are safe even if alcohol is consumed. 

The goodness of fit test was used to determine the 
mechanism of drug release. A FORTRAN software, de- 
veloped in house, was used to fit to zero-order, first-or- 
der, Higuchi, Hixson-Crowell, Korsmeyer-Peppas and 
Weibull model. The drug release data of Effexor® XR 
capsules, Batches X7 and P7 were subjected to data treat- 
ment. The least value of sum of square and Fischer’s 
ratio were used to select the most appropriate kinetic 
model. The reference product also followed both higuchi 
and weibull model for drug release. The Weibull model 
best explained the drug release as the Fisher’s ratio was 
less than 7 and correlation coefficient was above 0.99 for 
the Batches X7 to P7 (Table 3). 
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Figure 7 shows the average value of water uptake of 
the optimum batches (X7 and P7). The study showed that 
water uptake by Batch P7 was higher as compared to the 
Batch X7. The Polyox WSR 303 is fast hydrating poly- 
mer and it take up high amount of water. Tablets con- 
taining Polyox WSR 303 showed higher water uptake as 
compared to tablets containing xanthan gum. The axial 
swelling is more predominant as compared to radial 
swelling with both the polymers.  

Figure 7. Swelling study of optimized batches. 
 

 

The radar diagrams of Batches X7 and P7 are shown 
in Figure 8. The dissolution pull times are shown on the 
periphery of radar diagrams. The outer surface of radar 
graphs shows highest score (ten) while the centre shows 
lowest score (zero). Ideally, all the data points should fall 
on score line of five, i.e. in the middle of radar diagram. 
The radar diagrams of Batch X7 shows that most of the  Figure 8. Radar diagrams of optimized batches. 
 

Table 3. Model fitting data of optimized batches. 

Batch Parameters Zero Order First Order Higuchi Hixson-Crowell Korsmeyer-Peppas Weibull 

SSR 2410.81 106.76 716.35 644.80 2791.56 119.55 

F ratio 344.40 15.25 102.34 92.11 465.26 19.92 Effexor® XR Capsules 

r2 0.7703 0.9758 0.9317 0.9621 0.8965 0.9836 

SSR 2131.36 131.65 547.70 410.32 1337.33 15.46 

F ratio 304.48 18.81 78.24 58.62 222.89 2.58 X7 

r2 0.7933 0.9940 0.9469 0.9716 0.9463 0.9974 

SSR 2270.15 205.71 648.94 448.94 1528.22 37.74 

F ratio 324.31 29.39 92.71 64.13 254.70 6.29 P7 

r2 0.7870 0.9888 0.9391 0.9630 0.9438 0.9933 

SSR: Sum of square of residuals; F ratio: Fisher’s ratio; r2: Correlation coefficient. 
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to point correlation with reference product. 

5. Conclusion 

High aqueous solubility of venlafaxine HCl makes it dif- 
ficult to formulate uncoated monolayer tablet to develop 
generic version of Effexor® XR Capsules 150 mg. Triple 
layer tablets were developed by varying amount of im- 
portant variables and using quality by design approach. 
Xanthan gum as well as polyethylene oxide was used to 
formulate matrix tablets with comparable drug release to 
Effexor® XR 150 mg capsules. The drug release from 
both the optimized batches was explained by Weibull 
model. The optimized formulations showed pH inde- 
pendent release and the dissolution pattern was unaltered 
in presence of 10% ethanolic solution. The production 
rate of triple layer tablets is higher then that of coated 
pellets and hence the developed formulations appear to 
be an attractive option to industry to consider for bio- 
equivalence study. A drug release profile similar to that 
of the reference product (Effexor® XR Capsule) was 
achieved by adopting systemic formulation approach. 
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