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ABSTRACT 

Objective: The aim of this study was to develop the oral Venlafaxine HCl controlled-release organogel (organogel–CR) by using one-factor response 
surface methodology (RSM).  

Methods: In this study, Drug-excipient compatibility was evaluated by FT-IR. A total of 14 experimental runs were carried out employing the 
detailed conditions designed by a single factor completely randomized design based on the response surface methodology was used to check the 
concentration effect of 12-Hydroxy stearic acid (12-HSA) at different cooling rates on drug release at 10 h (Q10) and after 12 h (Q12). Multiple linear 
regression analysis, analysis of variance (ANOVA) and graphical representation of the influence factor were performed by using design expert 12. 
The developed organogel was also evaluated for viscosity, strength, transition temperature, diffusivity and Scanning electron microscopy (SEM). 
Prepared organogel was filled in the capsule and investigated for weight variation, drug content, erosion of organogel and In vitro drug release 
study.  

Results: FT-IR results showed that there was no chemical interaction between the drug and excipients. The SEM photograph indicates that the 
developed organogel was highly viscous with 3D network structure. The experimental confirmation tests showed a correlation between the 
predicted and experimental responses (R2 = 0.9937 and 0.9709). The results of ANOVA suggested that calculated F values of all dependent variables 
are greater than tabulated values. The optimal point obtained was located in the valid region and the optimum in vitro release of the predicted batch 
containing 7.9% concentration of 12-HSA with gradual cooling rate. To validate the evolved mathematical models, a checkpoint was selected and its 
desirability value was found to be 0.866.  

Conclusion: Oral controlled release Venlafaxine HCl organogel fix the problem of repeated dosing and patient noncompliance. 
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INTRODUCTION 

Venlafaxine HCl, a third generation antidepressant drug, belongs to a 
group of drugs called selective serotonin and norepinephrine reuptake 
inhibitors [1, 2]. It affects chemicals in the brain that may be 
unbalanced in people with depression. It is used to treat the major 
depressive disorder, anxiety, and panic disorder [3, 4]. The steady 
state half-life of venlafaxine HCl is 5 h, necessitating the administration 
2 or 3 times daily so as to maintain adequate plasma levels of drug [5, 
6]. The half-life of venlafaxine HCl is relatively short therefore; patients 
are directed to adhere to a strict medication routine, avoiding missing 
a dose. Even a single missed dose can result in withdrawal symptoms. 
In such cases, the formulation releasing the drug in a sustained 
manner will aid the patient to adhere to a strict medication routine by 
avoiding the need to take the dosage form 2 or 3 times daily [7, 8]. An 
oral organogel is a non-crystalline, non-glossy thermoplastic solid 
material containing a liquid organic phase entrapped in a 3D cross-
linked network. In this gel, liquid can be an organic solvent, mineral oil 
or vegetable oil. The addition of polar and non-polar solvents leads to 
the formation of a 3D network which is formed due to the growth of 
reverse micelles. Organogel consists of both hydrophilic and 
hydrophobic components that suggest both hydrophilic and 
hydrophobic drugs can be incorporated [9-11]. 

Therefore, the aim of the present study is to develop oral organogel–
CR of Venlafaxine HCl using 12-HSA at different Cooling rates and to 
characterize them in terms of viscosity, Strength, and transition 
temperature diffusivity and SEM. The developed organogel was 
filled in the capsule and evaluated for weight variation, drug content, 
Erosion of organogel and In vitro drug release study. Therefore, the 
developed formulation of venlafaxine HCl will deliver the drug 
slowly into the systemic circulation and provide a desired 
therapeutic effect for a long period of time. 

MATERIALS AND METHODS 

Materials 

Venlafaxine HCl was received as a generous gift from Tripada 
Healthcare Pvt. Ltd, Ahmedabad, India. 12-Hydroxy stearic acid (12-
HSA) was obtained from Astral Trade Link, Ahmedabad, India. 
Soybean oil was purchased from Local market. All other materials 
and chemicals used were of either pharmaceutical or analytical 
grade. 

Drug-excipients compatibility study 

Drug-excipient interaction plays a vital role in achieving the stability 
of the drug in dosage form. To study the physical and chemical 
interactions between drug and excipients Fourier transform 
infrared spectroscopy (FT-IR) was used. FT-IR spectra of venlafaxine 
HCl, mixture (venlafaxine HCl and 12-HSA) and venlafaxine HCl 
organogel-CR were recorded using KBr mixing method on FT-IR 
instrument. (FTIR-1700, Shimadzu, Kyoto, Japan) [12, 13]. 

Preliminary screening and development of oral venlafaxine 
HCL organogel–CR 

In this method, soybean oil was used as a base and 12-HSA was 
taken as Gelator. Drug solubility was investigated in soybean oil and 
its release rate was checked in different concentrations of 12-HSA to 
soybean oil. Organogel trial batches T1-T5 were prepared by taking 
venlafaxine HCl and 12-HSA to soybean oil and their concentration 
was adjusted as shown in table 1. The mixture was heated at 75 ˚C 
with gentle stirring to melt the 12-HSA. After the 12-HSA was melted 
completely, the mixture was poured into the body of a gelatin 
capsule. Then the capsule was closed with a cap and gradually 
allowed to cool to solidify the soybean oil [14, 15]. 
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Table1: Preliminary screening of oral venlafaxine organogel–CR 

Batch Drug (mg) 12-HAS (%) Soybean oil (mg) Total weight of organogel (mg) 
T1 75 2  513 600 
T2 75 4 501 600 
T3 75 6 489 600 
T4 75 8 477 600 
T5 75 10 465 600 

 

Evaluation of venlafaxine organogel–CR 

Viscosity of the formulated organogel was determined using 
Brookfield digital viscometer at 37±1 ˚C. Gel Strength was measured 
using Nikansui gel strength tester. Gel-sol transition temperature 
was determined by a simple tube inversion method. The surface 
morphology of the gel was observed using a Scanning electron 
microscope (SEM). The sample was placed in the sample holder and 
the photomicrographs were taken using tungsten filament as an 
electron source and GSE detector at 467x magnification [16]. 

Diffusivity of drug in organogel: The diffusion coefficient of 
venlafaxine HCl in organogel was determined by forming organogel 
in the plastic syringe (2.5 ml) with the tip removed. The syringe was 
vertically fixed and immersed in phosphate-buffered saline (pH 6.8) 
containing venlafaxine HCl at 37±0.5 ˚C. The solution was gentl y 
stirred at 50 rpm. After 24 h, the syringe was removed from the 
solution. The remaining organogel was recovered from the syringe 
by pushing the plunger. Oil matrix was sliced every 1.5 mm and discs 
of organogel were obtained. The venlafaxine HCl concentration in 
each disc was determined using a given formula. 

Ci
C0

=1-erf �
x

2√Di. t
� 

Ci = concentration of venlafaxine HCl in the disc, C0 = concentration 
of venlafaxine HCl at the surface of the organogel phosphate buffer 
solution border, X= Distance from the organogel phosphate buffer 
solution border to the center of the disc, t = time, Di = Diffusion 
coefficient [17-19]. 

Evaluation of capsule 

Weight variation: From each batch, 10 capsules were selected 
randomly and weighed individually for weight variation [20]. 

Drug content: Drug content was determined by dissolving one capsule 
in chloroform and then extracting the drug with pH 1.2 HCl. These 
solutions were further diluted with pH 1.2 HCl and absorbance was 
measured under a UV-visible spectrophotometer at 227 nm [21].  

Erosion of organogel: Organogel formed in the gelatin capsule was 
weighed and incubated at 37 ˚C in 10 ml test solution. For the 
disintegration test, the organogel was kept in pH 1.2, Phosphate 
buffer containing pH 6.8 and Phosphate buffer (pH 6.8) simulated 
intestinal fluid containing 375 U/ml of lipase. The solution was 
continuously stirred at 50 rpm during the incubation period. At 
specific time intervals, the organogel was removed from the test 
solution and dried in a vacuum for 12 h. The weights of organogel 
before and after incubation were measured and fitted to the 
following equation to calculate the erosion rate constant (k). 

(Wd + Wi)
1

3� = 1 − kt 

Where Wd and Wi are the dried weight of an organogel after and 
before incubation, respectively. k is the erosion constant and t is 
incubation time [22].  

In vitro drug release study: The release of Venlafaxine from the 
Organogel was evaluated by the dissolution test (Paddle method). 
Dissolution test was performed for the first 2 h in pH 1.2 HCl as 
simulated gastric fluid and then in the Phosphate buffer (pH 6.8) 
containing 375 U/ml of lipase as simulated intestinal fluid. The 
rotation rate of the paddle was kept at 50 rpm and 900 ml of volume 
of test solution was taken. At fixed intervals, aliquots were 
withdrawn and replaced with fresh dissolution medium. Samples 
from the dissolution medium were analysed by UV 
spectrophotometer (Shimadzu 1700) at 227 nm. The concentration 

of drug released at different time intervals was determined by 
measuring absorbance [23, 24]. 

(CRD) for oral venlafaxine organogel–CR 

To study the effect of one quantitative factor i.e. concentration of 
gelator (12-HSA) and one categorical factor i.e. type of cooling on 
responses drug release, one factor response surface methodology 
was developed. This single-factor experiment can be described as a 
completely randomized design (CRD). The completely randomized 
design means there is no structure among the experimental units. 
The runs which differ only in the percentage of 12-HSA and these 
were done in random order. Each measured response can be written 
as the overall mean plus the treatment effect plus a random error. 

Yij = μ+τi+εij Where, i = 1,., a j = 1,.,ni 

Generally, treatment effect is defined so that they sum to 0, a 
constraint on our definition of our parameters, ∑ τi = 0. This is not the 
only constraint one could choose, one treatment level could be a 
reference such as the zero level for 12-HSA and then everything else 
would be a deviation from that. The experimental error terms are 
assumed to be normally distributed, with zero mean and if the 
experiment has constant variance, then there is a single variance 
parameter σ2. In this design, one numerical factor was used at 5 levels 
for the quadratic model. The Concentration of gelator (12-HSA) was 
taken as a Numeric factor and rate of cooling was taken as categorical 
factor. ANOVA and Graph were generated by using Design Expert 12 
software. The checkpoint formulation was identified, prepared and 
evaluated for all parameters, to validate the chosen experimental 
design and the resultant data of response properties were 
quantitatively compared with that of their predicted values [25, 26]. 

Stability study 

The Accelerated Stability Study was carried out according to the ICH 
Guidelines. The optimized batch of Venlafaxine HCl organogel–CR 
was kept for 6 mo under the storage condition 40̊C± 0.5 at 75±1% 
RH. After storage, the organogels were evaluated for in vitro drug 
release and the data were calculated and compared with the 
dissolution profile. The dissolution profile of products was 
compared using a f2 which was calculated from following formula, 

∑
=

−−+=
n

t
tt xTR

n
f

1

5.02
2 ]100})(11[{log50

 

Where log is logarithm to the base 10, n is the number of time points, 
∑ is the summation over all time points, Rt is the mean dissolution 
value of the reference profile at time t and Tt is the mean dissolution 
value of the test profile at the same time point. The USFDA draft 
guidance document contains more information on the similarity factor 
(f2). The value of the similarity factor (f2) between 50 and 100 suggests 
that the two dissolution profiles were similar [27]. 

RESULTS AND DISCUSSION  

Drug excipients compatibility study 

To study the physical and chemical interactions between drugs and 
excipients Fourier transform infrared spectroscopy (FT-IR) was 
used. FT-IR spectra of venlafaxine HCl, the mixture of venlafaxine 
HCl with 12-HSA and Venlafaxine HCl organogel-CR were recorded 
using KBr mixing method on FT-IR instrument. The drug exhibited 
peaks due to alcohol group, amide group, and C-H, C=O, C-O, C-N and 
C=C stretching. It was observed that there were no changes in drug 
main peaks in the IR spectra of venlafaxine HCl, mixture and 
Venlafaxine HCl organogel-CR as shown in fig. 1 [28]. 
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Fig. 1A: FT-IR spectra of venlafaxine HCl 
 

 

Fig. 1B: FT-IR spectra of physical mixture of 12-HSA and venlafaxine HCl 
 

 

Fig. 1C: FTIR spectra of Venlafaxine HCl organogel-CR 

 

Preliminary screening and evaluation of oral venlafaxine 
organogel-CR and capsule 

From the results of weight variation, it was found that all the 
capsules were having a deviation of less than±1.16%, which 
means all capsules have uniform weights. The gel strength and 
transition temperature of prepared organogel were increased 
with an increase in the concentration of 12-HSA as shown in 
table 2. The viscosity of the organogel increases with an increase 
in the concentration of 12-HSA. No significant difference was 
observed among the diffusion coefficients of different organogel. 
Therefore, it was concluded that the difference in the 
concentration range of 2-10% of 12-HSA did not affect the 
diffusivity of venlafaxine HCl in the organogel. 

Batch T1 to T5 did not show significant erosion in simulated gastric fluid. 
The erosion rate of organogel in pH 1.2 showed that organogel was very 
stable in simulated gastric fluid and passed into the intestine without 
disintegration. Then the erosion rate in pH 6.8 showed that an organogel 
containing 2% of 12-HSA gradually eroded up to 72.22 % of the initial 
weight. As the concentration of 12-HSA increased, the organogel hardly 
eroded in the simulated intestinal fluid. The result showed that 
organogel eroded most easily in the presence of lipase at pH 6.8. The 
erosion of organogel having 2% of 12-HSA in the simulated intestinal 
fluid with lipase, the weight of gel significantly decreased after 4 h, 
wherein the erosion of organogel having 2% of 12-HSA in the simulated 
intestinal fluid without lipase, the weight of gel did not significantly 
decrease even after 8 h. So it was concluded that the organogel eroded 
most easily in presence of lipase [29]. 
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Table 2: Evaluation of preliminary screening batch of oral venlafaxine organogel–CR 

Batch Weight of 
capsule (mg) 

Viscosity 
(cps) 

Gel strength 
(g/cm2) 

Diffusivity coefficient 
(cm2/sec.) 

Erosion rate constant (h-1) 
pH 1.2 pH 6.8 pH 6.8 with lipase 

T1 700±0.33 % 2490±15 800±16 2.32×10-6±0.02 0.027±0.002 0.030±0.001 0.065±0.002 
T2 700±0.45 % 2585±10 900±11 1.81×10-6±0.03 0.014±0.003 0.023±0.002 0.051±0.003 
T3 700±0.47 % 2670 25 1300±16 2.22×10-6±0.01 0.013±0.002 0.012±0.001 0.044±0.001 
T4 700±0.74 % 2780±15 1800±24 2.00×10-6±0.04 0.015±0.001 0.007±0.003 0.030±0.001 
T5 700±1.16 % 2830±12 2100±10 2.23×10-6±0.02 0.015±0.003 0.007±0.001 0.010±0.002 

(n=6) 
 

In vitro drug release rate was decreased with an increase in the 
concentration of 12-HSA. The amount of drug released from 
organogel containing 2%, 4%, 6%, 8% and 10% of 12-HSA during 8 
h, reached 99.87%, 90.05%, 86.63%, 80.18% and 76.13% 
respectively. The amount of Venlafaxine HCl released from an 
organogel containing 8% and 10% of 12-HSA during 12 h, reached 
97.24% and 90.01%, respectively. The result was showing that an 
organogel formed by 12-HSA has the potential for controlled release.  

Evaluation of factorial design batches 

The formulation layout for the completely randomized design 
batches are shown in table 3. Evaluations of factorial batches are 
shown in table 4. The gel strength and transition temperature of 
prepared factorial batches were increased with an increase in 
concentration. Viscosity of all the batches of organogel–CR was 
found in the range of 2624±52 cps to 2864±82 cps. No significant 
difference was observed among the diffusion coefficients of different 
organogel. So, it was concluded that the difference in the 

concentration range of 6-10% of 12-HSA did not affect the diffusivity 
of venlafaxine HCl in the organogel. All factorial batches of capsules 
having a deviation were less than±7.5% that means that all capsules 
have uniform weights. Drug content of the all prepared batches were 
found in the range of 91.20±0.84% to 96.26±0.96%. 

The increased concentration of 12-HSA in the organogel decreased 
erosion rate in phosphate buffer pH 6.8 with lipase. Thus, it was 
concluded that the variation in the release rate of the drug in 
organogels is due to decreased erosion rate. There was no 
significant erosion in simulated gastric fluid, which suggests that the 
organogel was very stable in simulated gastric fluid and passed into 
the intestine without disintegration. All Batches of the organogel 
were found to follow zero order kinetic models. The dissolution data 
of all formulations were fitted in the Korsmeyer-Peppas equation 
and showed good linearity. All batches showed non-fickian diffusion 
with diffusion exponent value between 0.45<n<0.89. SEM 
photographs of organogel were shown in fig. 2, which clearly 
showed the gel forming the highly viscous with 3D structure [30]. 

 

Table 3: One-factor design layout, experimental runs and their combinations 

S. No. Batch No. 12-HSA (X1) Cooling rate (X1) Q10 (Y1) Q12 (Y1) 
1 F1 -1 Level 1 91.92±1.0 100±1.4 
2 F2 -1 Level 1 92.26±1.4 100±1.0 
3 F3 -0.5 Level 1 88.92±1.2 99.71±1.2 
4 F4 0.5 Level 1 82.40±0.8 94.49±1.5 
5 F5 1 Level 1 77.76±1.0 89.82±1.0 
6 F6 1 Level 1 77.52±1.3 88.78±1.3 
7 F7 0 Level 1 87.97±1.1 96.51±0.8 
8 F8 -1 Level 2 97.64±1.5 100±1.1 
9 F9 -1 Level 2 97.54±1.1 100±1.1 
10 F10 -0.5 Level 2 89.86±1.2 97.92±1.2 
11 F11 0.5 Level 2 87.46±1.0 98.51±1.0 
12 F12 1 Level 2 80.02±1.0 94.09±0.8 
13 F13 1 Level 2 80.15±1.5 94.01±1.3 
14 F14 0 Level 2 88.22±0.8 97.70±1.4 
Coded levels translated in actual units   
Numeric factor Categoric factor 
Coded level Actual value of % of 12-HAS Coded level Actual value of Cooling rate 
-1 6 Level 1 Gradual cooling 
-0.5 7 Level 2 Rapid cooling 
0 8   
0.5 9   
1 10   

(n=6) 

Table 4: Evaluation of factorial design batches 

Batch Gel 
strength 
(gm/ cm 2) 

Gel transition 
temperature (°C) 

Viscosity 
(cps) 
 

Diffusivity 
coefficient 
(cm2/sec.) 

Drug 
content (%) 

Erosion rate constant (h-1) 
pH 1.2 pH 6.8 pH 6.8 with 

lipase 
F1 1200±45 42±2 2624±52 1.93±0.11×10-6 94.93±1.23 0.008±0.001 0.008±0.003 0.031±0.001 
F2 1250±15 41±4 2638±43 1.92±0.11×10-6 95.20±0.45 0.010±0.002 0.082±0.001 0.033±0.002 
F3 1500±54 45±1 2720±94 1.94±0.11×10-6 92.80±2.43 0.010±0.001 0.007±0.001 0.025±0.001 
F4 1950±60 52±1 2826±63 1.96±0.11×10-6 93.06±1.67 0.008±0.001 0.005±0.001 0.013±0.001 
F5 2100±50 55±3 2851±64 1.97±0.11×10-6 94.66±3.33 0.007±0.002 0.004±0.002 0.006±0.002 
F6 2150±34 56±2 2858±85 1.98±0.11×10-6 95.46±0.56 0.008±0.001 0.004±0.001 0.008±0.001 
F7 1750±75 49±1 2797±72 1.95±0.11×10-6 92.53±1.89 0.008±0.001 0.006±0.001 0.021±0.001 
F8 1250±46 43±3 2656±44 1.91±0.11×10-6 91.73±2.56 0.009±0.002 0.006±0.001 0.030±0.001 
F9 1250±45 42±4 2650±55 1.89±0.11×10-6 95.20±1.52 0.009±0.001 0.009±0.001 0.031±0.001 
F10 1550±35 46±2 2705±62 1.92±0.11×10-6 92.80±0.63 0.008±0.001 0.007±0.001 0.024±0.002 
F11 1900±81 51±3 2829±76 1.94±0.11×10-6 91.20±0.84 0.009±0.001 0.005±0.001 0.014±0.001 
F12 2050±78 56±2 2860±54 1.95±0.11×10-6 94.93±1.23 0.010±0.001 0.005±0.001 0.008±0.002 
F13 2100±53 55±1 2864±82 1.97±0.11×10-6 95.73±1.65 0.010±0.002 0.005±0.001 0.007±0.001 
F14 1700±45 48±2 2790±79 1.93±0.11×10-6 96.26±0.96 0.011±0.001 0.006±0.002 0.019±0.001 
(n=6) 
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Fig. 2: SEM of venlafaxine organogel 

 

Completely randomized design (CRD) for oral Venlafaxine 
organogel–CR 

From the all potential physical variables for a dosage form, some precise 
variables have more important effects on in vitro release of dosage form 
than others, called dependent variables. From these designated 
variables, further optimization of dosage form would be possible. Hence, 
in this study in vitro drug release studies after 10 h (Q10) and after 12 h 
(Q12) were selected as dependent variables. The mathematical 
relationship between the factors and responses generated using multiple 
linear regression analysis could be adequately characterized by the 
following polynomial equations are given below,  

Q10 =+84.49-7.88*A+2.22*B-0.73*A*B-2.68*A2 

Rate of cooling gradual cooling 

Q10 =+72.93+7.16*A-0.67*A2 

Rate of cooling rapid cooling 

Q10 =+83.18+6.43*A-0.67*A2 

Q12 =+98.02-4.06*A+1.05*B+1.28*A*B-2.11A2 

Rate of cooling gradual cooling 

Q12 =+84.60+5.76*A-0.53A2 

Rate of cooling rapid cooling 

Q12 =+76.46+7.09*A-0.53A2 

Polynomial equation was used to draw the conclusion after 
considering the magnitude of the coefficient and the mathematical 
sign it carries (positive or negative). The positive or negative value 
of all coefficients showed the effect of the lone factor (main effect) or 
interaction effect of factors to gather on response variable might be 
either increased or decreased. In the polynomial equation for Y1, the 
negative value of coefficient b1 described the opposite effect of 
Factor 1 on response drug release. It indicated that increased 
concentration of 12-HSA decreased drug release. Positive value of 
coefficient b2 described a synergistic effect for Factor 2 so as the 
increased rate of cooling increased drug release [31]. 

ANOVA study of Q10 

The result of the ANOVA study of Q10 was shown in table 5. In this 
study, the F-value was found to be 352.31, which implies that the 
model was significant. P-Values of "Prob>F" less than 0.05 indicate 
model terms were significant. In this case, A, B, AB, A2 were 
significant model terms. Values greater than 0.05 indicate the model 
terms were not significant. If there were many insignificant model 
terms (not counting those required to support hierarchy), model 
reduction may improve your model. The "Lack of Fit F-value" of 
30.22 implies the Lack of Fit is significant. There is only a 0.31% 
chance that a "Lack of Fit F-value" this large could occur due to 
noise. The "Pred. R-Squared" of 0.9869 is in reasonable agreement 
with the "Adj. R-Squared" of 0.9908 as shown in table 6. "Adeq. 
Precision" measures the signal-to-noise ratio. A ratio greater than 4 
is desirable. Ratio of 49.76 indicates an adequate signal. The plot of 
the predicted value of Q10 versus the actual value of % of Q10 (fig. 3A) 
shows a straight line. Therefore, it concluded that the equation has 
good predictive ability. Interaction and nonlinearity was not 
observed.  

ANOVA study of Q12 

The results of ANOVA study of Q12 was shown in table 5. The Model 
F-value of 75.97 implies the model is significant. P-Values of 
"Prob.>F" less than 0.05 indicate model terms were significant. In 
this case A, B, AB, A2 were significant model terms. Values greater 
than 0.05 indicate the model terms were not significant. If there 
were many insignificant model terms (not counting those required 
to support hierarchy), model reduction may improve your model. 
The "Lack of Fit F-value" of 8.99 implies the Lack of Fit is significant. 
There is only a 2.69% chance that a "Lack of Fit F-value" this large 
could occur due to noise. The "Pred. R-Squared" of 0.9390 is in 
reasonable agreement with the "Adj. R-Squared" of 0.9579. as shown 
in table 6. "Adeq. Precision" measures the signal-to-noise ratio. A 
ratio greater than 4 is desirable. Ratio of 22.484 indicates an 
adequate signal. The plot of the predicated value of Q12 versus the 
actual value of % of Q12 (Figure. 3B) shows a straight line. Therefore, 
it concluded that the equation has the good predictive ability. 
Interaction and nonlinearity was not observed. This model can be 
used to navigate the design space [32]. 

 

Table 5: Result of ANOVA study for the dependent variable 

Q10 
Source SS df MS F value p-value Prob>F 
Model 650.04 4 162.51 352.31 <0.0001 
A-12 HAS 558.38 1 558.38 1210.52 <0.0001 
B-Rate of cooling 69.18 1 69.18 149.97 <0.0001 
AB 4.74 1 4.74 10.27 0.0107 
A2 17.75 1 17.15 38.47 0.0002 
Residual 4.15 9 0.46 - - 
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Q10 
Source SS df MS F value p-value Prob>F 
Lack of fit 4.04 5 0.81 30.22 0.0031 
Pure error 0.11 4 0.027 - - 
Cor total 654.19 13 - - - 
Q12 
Source SS df MS F value p-value Prob>F 
Model 189.21 4 47.30 75.97 <0.0001 
A-12 HAS 148.11 1 148.11 234.73 <0.0001 
B-Rate of cooling 15.41 1 15.41 24.43 0.0008 
AB 14.75 1 14.75 23.37 0.0009 
A2 10.94 1 10.94 17.34 0.0023 
Residual 5.68 9 0.63 - - 
Lack of fit 5.21 5 1.04 8.99 0.0269 
Pure error 0.46 4 0.12 - - 
Cor total 194.89 13 - - - 

DF is degree of freedom, SS is sum of squares, MS is mean square and F is Fischer’s ratio. 

 

Table 6: Statistical parameters obtained from ANOVA study 

Response Std. Dev Mean C. V% R-Squared Adj. R-squared Pred. R-Squared Adeq. Precision 
1 0.68 87.76 0.77 0.9937 0.9908 0.9869 49.766 
2 0.79 96.67 0.82 0.9709 0.9579 0.9390 22.484 

 

 

Fig. 3A: Predicted Vs actual value of Q10 

 

 

Fig. 3B: Predicted Vs actual value of Q12 
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Selection of optimized formulation 

The main objective of formulation development was to investigate the 
optimum level of variables which affect a process and the finished 
product has the best possible characteristics. The batch containing 7.9% 

concentration of 12-HSA with gradual rate of cooling was found to be an 
optimized batch by using an experimental design. The optimized batch 
showed 97.2% release within 12 h. As per fig 4 and table 7, the 
desirability value for the determination of the optimized batch was 
found to be 0.866, which was nearby 1 [33]. 

 

 

Fig. 4: Desirability of value of response 

 

Table 7: Solutions obtained based on desirability 

Solution No. 12-HAS Rate of cooling Q10 Q12 Desirability  
1 7.9 Gradual cooling 87.58 97.20 0.866 Selected 

 

Validation of optimized formulation 

A checkpoint batch was designed according to the desirability 
function. To assess the validity of the prediction, a checkpoint 
batch as per shown in table 8 was prepared and evaluated under 
the same conditions as outlined for the other batches. The 
Evaluation was shown in table 8 and response data was 
compared with that of the required data. The result was found 

within acceptable limits that assure adequate composition of 
controlled release organogel. The drug release profile was built-
in to zero order, first order, Higuchi kinetics, Korsmeyer-peppas 
and Hixson Crowell. It was found that the drug release is best 
built-in to the zero order. The obtained response variable of the 
checkpoint batch is compared with the target response 
parameter as shown in table 9. The bias for predicted versus 
actual response was acceptable [34]. 

 

Table 8: Composition and evaluation of optimized batch 

Composition 
Cooling rate Gradual cooling 
Ingredients Quantity 
Venlafaxine HCl 75 mg 
12-Hydroxy stearic acid 7.9 % 
Soybean oil 477.5 
Evaluation 
Evaluation parameter Result 
Gel strength 1750±12 gm/cm2 

Gel transition temperature 50±0.5 ˚C 
Viscosity 2796±50 cps 
Diffusivity coefficient 2.19±0.1×10-6 cm2/sec. 
Erosion rate constant 0.041±0.002 h.-1 

(n=6) 

 

Table 9: Comparison of predicted and obtained responses 

Parameter Predicted Observed % Bias 
Q10 87.58 85.02±1.2 2.56 
Q12 97.20 96.50±1.8 0.52 

(n=6) 
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CONCLUSION 

This formulation requires less number of excipients, offering ease of 
optimization of formula and is cost-effective; it involves less number 
of processing steps so it is easy to formulate an organogel. 
Excipients used i.e. soybean oil and 12-hydroxy stearic acids, are 
willingly biodegradable so it is relatively safe and non-hazardous. 
Oral controlled release organogel solves the problem of repeated 
dosing and patient noncompliance. The formulation (organogel 
containing soybean oil) shows erosion in the presence of pancreatic 
lipase present in intestinal fluid. The optimized batch was 
considered to be the best among all other batches since it exhibited a 
good dissolution profile. The optimized batch shows 85.02% drug 
release at 10 h and 96.5 % drug release at 12 h. 
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