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Abstract The thermal analytical study of venlafaxine

hydrochloride, a third generation antidepressant, was

investigated using thermogravimetry (TG) and differential

scanning calorimetry (DSC). The DSC curves have shown

a sharp endothermic event at 211 �C and TG demonstrated

a single stage of mass loss between 254 and 283 �C. Solid-

state characterization was carried out by DRIFT, SEM, and

XRPD demonstrating the drug physicochemical properties

including crystallinity. Drug-excipient compatibility stud-

ies investigated by DSC have shown a possible physical

interaction of the drug with magnesium stearate, micro-

crystalline cellulose and starch. Nevertheless, these results

where not confirmed by DRIFT and SEM analyses.
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Introduction

Venlafaxine hydrochloride (VEN), (1-[2-(dimethylamino)-

1-(4-methoxyphenyl) ethyl]cyclohexanol) (Fig. 1), a third

generation antidepressant, inhibits the reuptake of seroto-

nin, norepinephrine and to a lesser extent dopamine [1, 2].

VEN has been shown to be effective for treatment of major

depression in a broad range of patients [3, 4].

Thermal analyses are routine methods for analysis of

drugs and substances of pharmaceutical interest [5, 6].

These methods include differential scanning calorimetry

(DSC) and thermogravimetry (TG), in which physical

properties of a substance and/or its reaction products are

measured as function of a controlled temperature program

[5–7].

Studying the drug-excipient compatibility during the

formulation of products is an important process to know

any physical and chemical interaction between the com-

pounds [8]. Thermal techniques have been increasingly

used for evaluating possible incompatibility quickly

through comparison of thermal curves of pure substances

with curve obtained from a 1:1 mixture [9].

The characterization of solid-state properties at an early

stage by using appropriate analytical methodologies is an

essential pre-requisite in the development of solid dosage

forms both from scientific and regulatory points of view

[10]. Variations in physicochemical properties of the

pharmaceutical active ingredient may have an impact on

the therapeutic, manufacturing, commercial, and legal

levels [11]. In this work, the VEN characterization and

compatibility studies have been investigated by using a

variety of techniques including thermal analysis (TG/DTG

and DSC), diffuse reflectance infrared Fourier transform

spectroscopy (DRIFT), scanning electron microscopy (SEM),

and X-ray powder diffraction (XRPD).

Experimental

Materials

Venlafaxine hydrochloride bulk material was obtained

from DEG (lot: VH06/0106/07). The tested pharmaceutical

excipients in the compatibility studies were: starch (snow

flake� 3400), sodium starch glycolate; microcrystalline

L. S. Bernardi (&) � P. R. Oliveira � F. S. Murakami �
M. A. S. Silva � S. H. M. Borgmann � S. G. Cardoso
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cellulose (Microcel� 200); magnesium stearate; lactose

monohydrate, and talc.

Preparation of physical mixtures

The interaction study was performed by using a physical

mixture of VEN and excipients of equal weights (1:1 mass/

mass). The physical mixtures were prepared through sim-

ple mixing, kept into an amber glass vials, and submitted to

the analysis.

Methods

Differential scanning calorimetry

The DSC curves were obtained using a Shimadzu DSC-60

cell under dynamic nitrogen atmosphere with the flow rate

of 50 mL min-1. Approximately 2 mg of samples were

weighted out and placed in a sealed aluminum pan. The

analysis was carried out from 30 to 400 �C at a heating rate

of 10 �C min-1.

Thermogravimetric analysis

The TG/DTG measurements were performed in the ther-

mobalance TGA-50 (Shimadzu), under dynamic nitrogen

atmosphere with flow rate of 50 mL min-1. Approximately

6 mg of the samples were placed in platinum crucibles and

heated from 30 to 600 �C at a heating rate of 10 �C min-1.

X-ray powder diffraction

The powder diffraction pattern of VEN was obtained in the

Siemens diffractometer D5000 model, with a Cuka 40 kW

tube and current of 40 mA, in the range of 3–65 (2h) with a

pass time of 1 s.

Diffuse reflectance infrared Fourier transform

spectroscopy

The DRIFT spectra were measured in the Shimadzu

spectrophotometer (Prestige), with a scan range of 400–

4000 cm-1 with an average of over 32 scans at a spectral

resolution of 4 cm-1 in KBr. A background spectrum was

obtained for each experimental condition.

Scanning electron microscopy

The photomicrographs were taken with a Phillips scanning

electron microscope, model XL30. The sample was placed

on metal stubs by using double-sided adhesive tape, vac-

uum-coated with gold (350 Å) in a Polaron E 5000 sputter

coating unit and directly analyzed by SEM (50009 and

20,0009).

Results and discussion

Characterization of venlafaxine hydrochloride

The TG/DTG and DSC curves obtained for VEN are

shown in Fig. 2. The DSC curve has shown a sharp endo-

thermic event (Tpeak = 211 �C; Tonset = 209 �C; DHfusion =

-96.75 J g-1), corresponding to the melting point followed

by decomposition. The TG/DTG curve has shown a single

stage of mass loss between 254–283 �C (Dm = 98.5%;

DTGpeak = 274.30 �C). The DSC data combined with TG

allow evidencing a thermal stability up to 200 �C.

The DRIFT spectrum of VEN has shown a characteristic

stronger band of the O–H at 3200–3420 cm-1, stretching

vibrations of C=C at 1513 cm-1, followed by C–O–CH3

stretching at 1243 cm-1 and the resonance band at

1179 cm-1 for N–C.

X-ray powder diffraction has been used for qualitative

and quantitative identification of crystallinity [12, 13]. The

XRPD patterns of VEN (Fig. 3) revealed several diffrac-

tion peaks which indicate its crystalline character. The

Fig. 2 DSC and TG/DTG curves of pure venlafaxine hydrochloride

obtained in nitrogen atmosphere (50 mL min-1) and heating rate of

10 �C min-1

Fig. 1 Chemical structure of venlafaxine hydrochloride
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relative crystallinity (Xc
rel) of VEN was calculated based on

the Ruland method, in which the area of the crystalline

diffraction relative to the total area of the diffractogram is

taken as a measure of crystallinity [14]. The Xc
rel index

calculated for VEN was 60.01%.

The SEM photomicrographs taken at magnification

50009 and 20,0009 are given in Fig. 4. It was observed

that VEN is characterized by regular shaped crystals.

Compatibility study with excipients

In fact, DSC has been proposed to be a rapid method for

evaluating physicochemical interactions between compo-

nents of the formulation through the comparison of thermal

curves of pure substances with the curve obtained from a

1:1 physical mixture and therefore select adequate excipi-

ents with suitable compatibility [8–10].

The thermal profiles of the mixtures venlafaxine/talc,

venlafaxine/sodium glycolate starch, and venlafaxine/

monohydrate lactose (Fig. 5) can be considered as a super-

position of the curves of VEN and excipients, demonstrating

the absence of interaction.

The DSC curve of venlafaxine/talc has shown the

characteristic endothermic event of VEN melting point at

211 �C and successive endothermic and exothermic events

from 240 �C, which can be related to chemical and/or

physical reactions in the thermal degradation of the mix-

ture. In venlafaxine/sodium glycolate starch mixture a

small endothermic event was observed in the range of 164–

187 �C, followed by melting of VEN at 219 �C. The DSC

curve of venlafaxine/monohydrate lactose has shown an

endothermic event at 146 �C, corresponding to dehydration

of lactose bound water; an exothermic event in the range of

157–170 �C due to the lactose crystalline transition [15,

16]; and an endothermic event at 217 �C corresponding to

the simultaneous melting of lactose and VEN, followed by

exothermic degradation events.

Differences were observed in the DSC curves of ven-

lafaxine/microcrystalline cellulose, venlafaxine/magne-

sium stearate, and venlafaxine/starch mixtures (Fig. 5), in

which the melting point of the drug shifted to a higher

temperature of Tpeak = 241, 252 and 226 �C, respectively.

These results indicated the occurrence of a strong interac-

tion in the solid state with temperature, but not necessarily

corresponding to incompatibility.

The results of venlafaxine/microcrystalline cellulose

have shown one endothermic event at 195 �C, which can

be attributed to the rupture of the cellulose glycosidic

bonds, and the melting of VEN at 241 �C. DSC curve of

venlafaxine/magnesium stearate has shown three endo-

thermic events. The first in the range of 100–122 �C cor-

responding to the dehydration process of magnesium

stearate; the second at 186 �C, which might be due to

palmitate impurity or salts of other fatty acids [17, 18]; and

the third event at 252 �C corresponding to the melting

point of VEN. DSC curve of venlafaxine/starch has shown

an endothermic event in the range of 167–191 �C that

could be related to a delayed polymer dehydration [19] or

melting point of the starch snow flakes� 3400. The endo-

thermic event of VEN melting was shifted to 226 �C,

confirming the interaction between the two compounds.
Fig. 4 SEM photomicrograph of Venlafaxine hydrochloride: a
50009 magnification; b 20,0009 magnification

Fig. 5 DSC curves of venlafaxine hydrochloride and excipients

obtained in dynamic nitrogen atmosphere (50 mL min-1) and heating

rate of 10 �C min-1

Fig. 3 X-ray powder diffraction of venlafaxine hydrochloride
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One possible reason can be a Maillard reaction between the

hydroxyl groups of starch and the amine group of VEN

[20].

DRIFT has been applied as a supplementary technique

to investigate drug-excipient interaction and to confirm the

results obtained from the thermal analysis. It is the most

suitable technique of the non-destructive spectroscopic

methods and has become an attractive method in the

analysis of pharmaceutical solids, since the materials are

not subject to thermal or mechanical energy during sample

preparation, therefore preventing solid-state transforma-

tions [12]. The appearance of new absorption band(s),

broadening of band(s) and alteration in intensity is the main

characteristics to evidence interactions between drug and

excipients.

The spectra of the drug and all excipients used in this

study were obtained for pure compounds as well for binary

mixtures (1:1 mass/mass) in order to identify a possible

chemical interaction between them (Fig. 6). The DRIFT

spectra did not show evidence on chemical interaction in

the solid state. Moreover, the spectra of binaries mixtures

can be considered as the superposition of the individual

ones without absence, shift or broadening in the vibration

bands of VEN. It demonstrated the absence of chemical

interactions between VEN and microcrystalline cellulose,

magnesium stearate and starch, suggesting that the modi-

fication showed by DSC curves can be related to a possible

physical interaction. The photomicrographs obtained by SEM (Fig. 7) did

not evidence any interaction between VEN and the ex-

cipients, providing visual support for the DRIFT results.

The SEM images have shown that both VEN and excip-

ients particles maintained their morphology and the drug

crystals appeared dispersed on the surface of excipients

particles.

Conclusions

The thermal analysis provided information about the ther-

mal stability and decomposition of pure VEN and the

binary mixtures which can be used in the quality control.

The characterization was obtained by DRIFT, SEM, and

XRPD, which, in turn, demonstrated VEN physicochemi-

cal properties including the crystallinity. In the compati-

bility studies, the modifications found in the DSC curves

suggested a possible physical interaction of VEN with

magnesium stearate, starch and microcrystalline cellulose.

Additional DRIFT and SEM analyses were carried out and

no evidence of solid-state interaction or incompatibility

was observed.

Acknowledgements The authors would like to acknowledge CNPq
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Fig. 7 SEM Photomicrograph of a microcrystalline cellulose (1009),

b VEN:microcrystalline cellulose (1009), c magnesium stearate

(10009), d VEN:magneium stearate (10009), e Starch (5009), and

f VEN:starch (5009)

Fig. 6 DRIFT spectra of physical mixtures venlafaxine hydrochlo-

ride and excipients
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