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KEYWORDS ABSTRACT

Venlafaxine Objective: The study focuses on the characterization of Venlafaxine Hydrochloride
HCIl, UV through a series of physicochemical evaluations to ensure its suitability for
studies, FTIR, pharmaceutical development.

Partition Experimentation: Organoleptic properties such as color, odor, and appearance
coefficient, were assessed. The melting point was determined using a capillary method with an
DSC. average value calculated from three trials. UV spectrophotometric analysis in

ethanol was performed to identify the maximum absorbance wavelength. A standard
curve of calibration was plotted using absorbance values from prepared dilutions
(5-30 pg/mL). Solubility studies were conducted distilled water and in various
solvents (methanol, ethanol, and acetone) as well as phosphate buffer 6.8 pH to
evaluate equilibrium solubility, while the distribution coefficient (Kp) was
calculated using the shake-flask method with octanol and water to estimate
lipophilicity. The pH of a freshly prepared 0.1M solution of Venlafaxine HCI in
distilled water was measured. Finally, compatibility with excipients was studied
using DSC and FTIR to detect potential chemical interactions.

Result & Discussion: The physicochemical parameters like melting point, A max,
solubility, and partition coefficient were found to be 217+0.08 °C, 224.8 nm,
401£0.45 mg/ml, and 395 mg/ml. 25 mg/ml, 0.8 mg/ml and 23 mg/ml respectively.
The pH of Venlafaxine HCI was found to be 6.8. From the FTIR & DSC spectra,
since all of the drug's distinctive peaks were preserved, it is evident that the drug
and excipients are compatible. Therefore, the API and these excipients are not
incompatible.

Conclusion: This comprehensive characterization provides foundational data for
fast dissolving formulation design and stability evaluation of Venlafaxine HCI.

INTRODUCTION

Physico-chemical properties of the of pharmaceutical compounds both on their own and in mix
with excipients is described as a preformulation study [1]. The first stage in the rational
development of various dosage forms for an active pharmaceutical ingredient is preformulation
research [2]. The most common indications of degradation in an active pharmaceutical
ingredient (API) include changes in colour, taste, odour, polymorphic structure, and
crystallization, while oxidation, and reduction which are generally associated with
pharmaceutical incompatibility. These changes are typically the result of chemical interactions
with excipients [3].

Adverse drug-drug and drug-excipient combinations can cause interactions that can lead to
chemical, physical, and therapeutic instability. Changes in a drug's organoleptic qualities, such
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as appearance, color, form, odor, taste, etc., that do not involve the formation of chemical bonds
or the breaking of the drug's structure are referred to as physical instability. Changes in the
chemical structure of a drug molecule that lead to drug breakdown, decreased drug content,
and the production of other molecules, such as degradation products, are referred to as chemical
instability. Chemical and physical instability can also raise safety issues. [4]. This study aims
to determine some of the physiochemical properties such as pH, solubility, partition coefficient,
melting point, lambda max, infra-red spectra and DSC spectra etc [5]. One of the most crucial
and significant aspects of API that affects their bioavailability is their solubility [6].

Venlafaxine is a bicyclic phenylethylamine compound that comes under the category of
antidepressant. It acts by blocking transport proteins and preventing their presynaptic reuptake,
it raises serotonin, norepinephrine, and dopamine levels in the brain. Consequently, more
transmitters are available at the synapse, which subsequently stimulates postsynaptic receptors.
Serotonin reuptake inhibitors (SNRIs) interact primarily with serotonergic and noradrenergic
neurons, while cholinergic and histaminergic receptors are little affected or unaffected by
SNRIs [7]. In comparison to norepinephrine reuptake inhibitors, A stronger inhibitor of
serotonin reuptake is venlafaxine HCI. With a dose of 25-75 mg, Inhibition of serotonin
reuptake is the primary action of venlafaxine. The higher the dosage, the greater the effect on
the norepinephrine transporter as well [8].

This physicochemical investigation was done by selecting the excipients that are used in fast-
dissolving formulations for example fast dissolving tablets and films etc.

MATERIALS

Venlafaxine HCI, received from Akums Drugs & Pharmaceuticals Ltd, Haridwar, Ethanol,
Changshu Hongsheng Fine Chemical Co. Ltd. Excipients like Sodium carboxy methyl
cellulose & Sodium alginate (Polymers), sodium starch glycolate (Super-disintegrant),
mannitol (Sweetening agent) was obtained from CDH and Propylene glycol (Plasticizer) from
Fisher Scientific Ltd. Every chemical was of analytical quality.

The instruments such as an electronic balance, Double beam UV-Vis Spectrophotometer, FT-
IR Spectrophotometer, and Differential Scanning Colorimetry were used.

METHODS
Organoleptic Characteristics

The organoleptic characteristics such as color, odor, taste, etc. were visually checked for
venlafaxine HCI API.

Determination of melting point

Venlafaxine HCl's melting point was predicted by placing a tiny quantity of the drug in a
capillary tube that was closed on one end. The temperature at which the drug melted was
measured by placing the capillary tube in a melting point instrument. This was done three times,
and the average result was recorded [9].

Solubility

Venlafaxine HCl's solubility was determined by taking an excess amount of API and dissolved
in distilled water, various organic solvents (methanol, ethanol, acetone) and phosphate buffer
6.8 pH separately up to its saturation and subjected to mechanical shaking at 100 rpm for 24 h
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at room temperature in order to achieve equilibrium. By measuring absorbance at 224.8 nm,
the amount of venlafaxine HCI in the filtrate was ascertained. [10].

Distribution Co-efficient

In a separating funnel, 5 ml of octanol-1 was combined with 5 ml of distilled water and a known
amount of venlafaxine HCI. Next, using the shake flask method, two phases were allowed to
equilibrate for 24 hours at 37 °C while being shaken intermittently. Following the required
dilution, the UV spectroscopic approach was used to estimate the drug's concentration in both
the organic and aqueous phases. The following formula was used to determine the apparent
distribution coefficient (Kp), which is the ratio of drug concentration in each phase:

_Corg
p=

Caq

Where, Caq, Corg are the drug's concentration in the aqueous phase and in the organic phase
respectively [11].

pH Determination

A pH meter was used to measure the freshly manufactured Venlafaxine HCI 0.1M solution in
distilled water [12].

Standard Curve of Venlafaxine HCI1

The first Stock solution of venlafaxine hydrochloride was made by dissolving 10 mg in 100 ml
buffer of distilled water. It was estimated that the conc. of prepared stock 1 solution was 100
ng /ml. The First stock solution was diluted further to get a conc. of 10 ug /ml. The 400-200
nm range was used to scan the solution using distilled water as blank by double beam
spectrophotometer. Preparation of dilution of 5-30 pg/ml, the absorbance of made dilutions
was evaluated at Amax 224.8 nm. After that, the linearity curve was produced using the x-axis
for concentration and the y-axis for absorbance [13].

COMPATIBILITY STUDIES

Physical mixes of the drug and excipients at a 1:1 w/w ratio are used in compatibility screening
experiments. The samples are often equilibrated under a variety of stress conditions, such as
high temperatures, which might hasten the drug-excipient interactions. To find the physical
incompatibility, these samples are visually inspected for any color changes or powder mixture
agglomeration. Additionally, thermoanalytical and spectroscopic methods are used to examine
the physical mixtures for chemical incompatibility [14].

FT-IR Spectroscopy

FTIR spectrophotometer (BRUKER/ALPHA ATR, Germany) was used to identify chemical
interactions by observing changes in peaks of functional groups. The drug was mixed with
potassium bromide in 1:99 proportion by triturating into disks in a hydraulic press after
triturating with potassium bromide in a glass crusher and pestle and the FTIR Spectrum was
recorded between 400-4000 cm-1 with IR solution software by KBr Disc method. Potassium
bromide was used as a blank while running the spectrum [15,16].
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Differential scanning calorimetry

DSC (PERKIN ELMER/DSC 4000, Netherland) was used for the determination of changes
observed in drug sample and drug & polymer mixture (Venlafaxine HCI and drug: polymer
physical mixture). Samples (2-4 mg) were sealed in aluminium cells, and DSC apparatus was
set between 25°C and 300°C in a nitrogen environment at a constant rate of 10°C/min. An
empty alumina pan served as the standard [17,18].

RESULTS AND DISCUSSIONS

Organoleptic Characteristics
The organoleptic characteristics such as color, odor, appearance, and nature of the drug
venlafaxine HCl were checked.

Table 1: Organoleptic test of Venlafaxine HCI

Venlafaxine HCI
S. No. | Parameter Observed Value
a. | Odor No odor
b. | Colour White
c. | Appearance Crystalline
d. | Nature of the drug | Solid

Melting Point

It was determined by using the capillary method and found to be 217°C in an average with
three replicates which was compared to that found in the literature in the range of 215 to 217°C.
The obtained melting point is near the standards obtained from the literature. This confirms the
purity of the obtained venlafaxine HCI sample.

Table 2: venlafaxine HCI’s melting point value

Drug Results
Practical Average Standard
Venlafaxine HCI | 216 °C
217°C 217°C 215to 217°C
218°C

Saturation solubility

The saturation solubility of the venlafaxine HCl was studied in distilled water, methanol,
ethanol and the phosphate buffer solutions of pH 6.8, and acetone. The data compiled after 48
hrs. is given in the below table 3. As a result, obtained the venlafaxine HCl was found to have
limited solubility in. The highest solubility was found in distilled water.

Table 3: Saturation solubility of Venlafaxine HCI

S. Drug Vehicles Saturation Results

No. Solubility
1. Water 401 mg/ml Freely soluble
2. Methanol 395 mg/mi Freely soluble
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3. | Venlafaxine Ethanol 25 mg/ml Soluble
HCI
4. Phosphate buffer | 23 mg/ml Soluble
(pH 6.8)
5. Acetone 0.8 mg/ml Slightly soluble

The study reveals that venlafaxine HCI exhibits the highest solubility in the distilled water as
compared to other solvents. Thus, distilled water was chosen for the preparation of the
calibration curve.

Partition Coefficient & pH

Table 4: Partition coefficient and pH value of Venlafaxine HCI

S. No. | Parameter Reported value Observed Value
3. Partition Coefficient | 1-3 1.09
4, pH 6-7 6.8

Standard Calibration Curve

The Amax of venlafaxine HCI was determined by UV-Vis spectrophotometer. The distilled
water was used for the determination of the calibration curve. The Amax was found to be 224.8
nm (Figure 8) which is closer to that of the standard Amax which is 224-227 nm.
The calibration curve of the venlafaxine HCl was determined by wusing UV-Vis
spectrophotometer via a fixed wavelength measurement option. The calibration curve obtained
were following Beer’s Lambert’s law. The calibration curve obtained from using water has an
R? value of 0.9949. B
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Fig. 1 UV Spectra and a standard curve of Venlafaxine HCI

DRUG-EXCIPIENTS INCOMPATIBILITY STUDIES
Fourier transform infrared spectroscopy

The compatibility of Venlafaxine HCl with excipients was investigated using FTIR
spectroscopy. The primary functional groups of the molecule are aliphatic alcohol, tertiary
amine, and aromatic ether, according to the Venlafaxine HCI spectrum. The peak that was most
intense seen at 1244 cm-1 due to C-N stretching in the Venlafaxine HCI structure. Second sharp
peak was observed at 2900 cm-1. which indicated the presence of Cycloalkane, peak at 3347
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cm-1 was due to O-H stretching. A peak at 1244 cm-1 indicates the presence of C-N stretch of
3% Amine seen in Fig. 2(a). From the FTIR spectra as seen in Fig. 2(b), (c), (d), (), (f), (g)
Since all of the drug's distinctive peaks were preserved, it is evident that the drug is compatible
with sodium alginate and other excipients. Therefore, the drugand these excipients are
compatible.

Table S: Interpretation of FTIR spectrum of venlafaxine HCI

Functional Group Wave number (cm™) detected | Bond Type
Tertiary Amine 1244.9 C-N Stretch
Cycloalkane 2933.4 C-H Stretch
Aliphatic Alcohol 3347.1 O-H Stretch
Aromatic Ether 1177.8 C-O Stretch

Table 6: Interpretation of FTIR spectrum with Excipients

Bond Peaks obtained Wave number (cm™)

Type Venlafaxine | Ven.+ Sod. | Ven.+ Sod. | Ven.+ Sod. | Ven.+ Sod.
HCI Alginate CMC Alginate + SSG + | CMC+ SSG +

Mannitol Mannitol

C-N 1244.9 1244.9 1274.7 1245.7 1248.9

Stretch

C-H 2933.4 2933.4 2933.4 2933.8 2932.5

Stretch

O-H 3347.1 3347.1 3347.1 3347.1 3316.7

Stretch

C-0 1177.8 1177.8 1107.1 1180.3 1182.9

Stretch
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Fig.2(a) FT-IR spectra of Venlafaxine HC(D). (b) FT-IR spectra of Sodium Alginate. (c)
FT-IR spectra of Sodium CMC. (d) Mixture of D and Sodium Alginate. (¢) Mixture of D
and Sodium CMC. (f) Mixture of D, Sodium Alginate, Propylene Glycol, SSG &
Mannitol. (g) Mixture of D, Sodium CMC, Propylene Glycol, SSG & Mannitol.

Differential Scanning Calorimetry (DSC)

The DSC graph of the Venlafaxine HC1 API was obtained to know the melting point. The DSC
graph showing the peak of the melting point is given in Figure 3 & 4. The DSC graph has a
peak at 211°C indicating the melting point of the Venlafaxine HCI API. The thermogram does
not show any other peak other than that of melting point at 211°C. This indicates that the drug
is in pure form and the DSC graph has a peak at 165 °C and 163 °C indicating the melting point
of the Venlafaxine HC1 API in a mixture with sodium alginate and sodium carboxy methyl
cellulose polymers respectively.
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Figure 3: DSC spectra of Venlafaxine HCI (A) and Venlafaxine HCI + Sodium alginate
(B)

Figure 4: DSC spectra of Venlafaxine HCI (A) and Venlafaxine HCI + Sodium carboxy
methyl cellulose (B)

SUMMARY
Determining the features of the medication that will enable a precise risk assessment
throughout development depends heavily on the preformulation phase. It often starts in the
optimization stage, lasts through predomination, and then enters the early stages of
development. Therefore, preformulation must be carried out as carefully as possible to enable
making logical conclusions. The goal of the Venlafaxine API preformulation project is to
produce results that will help create stable and bioavailable fast-dissolving dosage forms.

ACKNOWLEDGEMENT

| have gratitude to Akums Drugs & Pharmaceuticals Ltd. Haridwar for providing me drug as a

gift sample. 1 am also thankful to Diya Labs Pvt. Ltd, Mumbai. for his help in performing the

FTIR and DSC experiment. | am thankful to Mangalayatan University, Aligarh for providing

the chemicals and instruments required for the experiment.

REFERENCES

1. Vilegave K, Vidyasagar G, Chandankar P. Preformulation studies of pharmaceutical new
drug molecule and products: An Overview. The American Journal of Pharmacy.
2013;1(3):1-20.

2. Kumar D, Kumar A, and Malik J. Preformulation Studies of Drotaverine HCL: An Integral
Part of Formulation Design, European Journal of Biomedical and Pharmaceutical Sciences,
2019, Page no. 304 307.

3. ChadhaR, Bhandari S. Drug—excipient compatibility screening—role thermoanalytical and
of spectroscopic techniques. Journal of pharmaceutical and biomedical analysis. 2014 Jan
18; 87:82-97.

3077 |Page



PHYSICOCHEMICAL CHARACTERIZATION OF VENLAFAXINE HYDROCHLORIDE FOR

E]N | FAST-DISSOLVING FORMULATION DESIGN
SEEIPY

ge

10.

11.

SEEJPH Volume XXVI, $2,2025, ISSN: 2197-5248; Posted:03-02-25

Chidambaram M, Krishnasamy K. Drug-drug/drug-excipient compatibility studies on
curcumin using non-thermal methods. Advanced pharmaceutical bulletin. 2014 Feb
7;4(3):309.

Berthomieu C, Hienerwadel R. Fourier transform infrared (FTIR) spectroscopy.
Photosynthesis research. 2009 Sep; 101:1 57-70.

Sbarcea L, Tanase IM, Ledeti A, Circioban D, Vlase G, Barvinschi P, Miclau M, Varut RM,
Suciu O, Ledeti I. Risperidone/randomly methylated B-cyclodextrin inclusion complex—
compatibility study with pharmaceutical excipients. Molecules. 2021 Mar 17;26(6):1690.
https://doi.org/10.3390/molecules26061690.

Saad MA, El-Sahar AE, Sayed RH, Elbaz EM, Helmy HS, Senousy MA. Venlafaxine
mitigates depressive-like behaviour in ovariectomized rats by activating the
EPO/EPOR/JAK?2 signaling pathway and increasing the serum oestradiol level.
Neurotherapeutics. 2019 Apr 1;16(2):404-15. https://doi.org/10.1007/s13311-018-00680-
6.

D. Singh, A. Saadabadi, Venlafaxine, statpearls, publishing Treasure Island (FL) 2022.
Kompelli R, and Sayyed R. PREFORMULATION STUDIES OF BUDESONIDE API: AN
INTEGRAL PART OF FORMULATION DESIGN. International Journal of Creative
Research Thoughts. 2023 Volume 11, Issue 8; 352-359.

Colombo M, Minussi C, Orthmann S, Staufenbiel S, Bodmeier R. Preparation of
amorphous indomethacin nanoparticles by aqueous wet bead milling and in situ
measurement of their increased saturation solubility. European Journal of Pharmaceutics
and Biopharmaceutics 2018; 125:159-168.

Komal Bhusare, Prathamesh Regade, Nikita Patil, Sardar Shelake, Nilesh Chougule,
Preformulation Studies An Overview, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 984-996.

https://doi.org/10.5281/zenodo.12739436.

12.
13.

14.

15.

16.

17.

18.

Hazare, AA. 2018, A textbook of Physical pharmaceutics. Nirali Prakashan, pp 1.28, 5.7.
Bansode Ashwini S. Analytical Method Development and Estimation of Venlafaxine
Hydrochloride in Bulk and Pharmaceutical Dosage Form by UV-Visible
Spectrophotometer. IJISET - International Journal of Innovative Science, Engineering &
Technology, 2019, 6 (10), pp.131-138.

Maher EM, Ali AM, Salem HF, Abdelrahman AA. In vitro/in vivo evaluation of an
optimized fast dissolving oral film containing olanzapine co-amorphous dispersion with
selected carboxylic acids. Drug delivery. 2016 Oct 12;23(8):3088-100. DOI:
10.3109/10717544.2016.1153746.

Senthilkumar K, Vijaya C. Formulation development of mouth dissolving film of etoricoxib
for pain management. Advances in Pharmaceutics. 2015;2015(1):702963.
http://dx.doi.org/10.1155/2015/702963.

Sheikh FA, Aamir MN, Shah MA, Ali L, Anwer K, Javaid Z. Formulation design,
characterization and in vitro drug release study of orodispersible film comprising BCS class
I drugs. Pakistan journal of pharmaceutical sciences. 2020 Jan 3;33.
doi.org/10.36721/PJPS.2020.33.1.SUP.343-353.1.

Jadhav K, Jadhav S, Sonawane D, Somvanshi D, Shah H, Khairnar H. Mouth Dissolving
Film of Domperidone: An approach towards Formulation and its Evaluation. Journal of
Pharmaceutical Research International 33.44A, 140-150.

Zhang X, Gu X, Wang X, Wang H, Mao S. Tunable and sustained-release characteristics of
venlafaxine hydrochloride from chitosan—carbomer matrix tablets based on in situ formed
polyelectrolyte complex film coating. Asian journal of pharmaceutical sciences. 2018 Nov
1;13(6):566-74. https://doi.org/10.1016/j.ajps.2018.01.004.

3078 | Page


https://doi.org/10.1007/s13311-018-00680-6
https://doi.org/10.1007/s13311-018-00680-6
https://doi.org/10.1016/j.ajps.2018.01.004

