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A kinetic spectrophotometric method that is sensitive and simple has been developed for the quantifica-
tion of the venlafaxine hydrochloride in bulk as well as in pharmaceutical preparations. In this technique,
venlafaxine is oxidized in the presence of alkaline potassium permanganate as an oxidizing agent and sodi-
um hydroxide as a basic medium, and the reaction is carried out at room temperature. Due to the production
of a manganate ion, the spectrophotometric measurement was performed at 610 nm. A fixed-time-based ap-
proach (15 min) was used to plot calibration graphs. The proposed method was optimized for all the condi-
tions of reaction, whereby the linearity range was found to be 5-30 ug/mL with a limit of detection
of 0.07 ug/mL. For the quantification of venlafaxine hydrochloride in a dosage form, the developed method
was successfully applied and the percentage recovery was 98.87—100.22%. Statistical comparison was done
for the obtained results with those of an official method and no significant differences regarding precision
and accuracy were found.

Keywords: kinetic spectrophotometric method, venlafaxine hydrochloride, potassium permanganate,
pharmaceutical preparations.
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Jna konuuecmeenHo20 onpedeneHus 8eHIaPAKCUHA SUOPOXTIOPUIA 8 HEPACHACOBAHHOM BUde, A MAKICe
8 papmayesmuyecKux npenapamax papadoman 4yeCmeumenbublil U NPOCMol KUHemu4ecKutl cnekmpogo-
momempuueckuti Mmemoo. Peaxyusa oxucnenus eennagaxcuna npogeoena 8 npucymcmeul WerouHo2o nep-
MaHeaHama Kauus @ Kauecmee OKUCIUMENs. U SUOPOKCUOA HAMPUS 8 Kayecmee OCHOBHOU cpedbl NPpUu KOM-
Hamuotl memnepamype. M3-3a 06pazo8anus MaH2aHAUHOB020 UOHA CNEKMPodomomempuieckoe usmeperue
nposoounu Ha onune 0aubl 610 Hm. /st nocmpoenusi KarubposoYHbIX KPUBLIX UCHONb308AH MeMO0 PUKCU-
posannoeo epemeru (15 mun). Memoo onmumusupoean 011 6cex YCI08Ull NPpoGedeHUs peaKyul, OUana3on
nunetinocmu 5—30 mxe/ma, npeden oonapyacenus 0.07 mxe/mn. Paspabomannwiii memoo ycnewino npumeHeH
07151 KOUYECMBEHHO20 Onpedeienust 6eHIApaKcuna cuOpoXIopuod 8 1eKapCmeeHHol popme, npoyenm u3z-
eneuerus 98.87—100.22%. Cmamucmuyeckoe cpagHeHue NOIYYEeHHbIX Pe3yIbmamos ¢ OAHHbIMU Mpaouyu-
OHHO20 MEemoOd He bIABUNO CYUWECMBEHHBIX PA3IUYUL 8 TMOYHOCTIU.

Knrueevie croea: xunemuueckuii cnekmpopomomempuieckuii Memoo, 8eHIAMAKCUHA 2UOPOXTOPUO,
nepmaneanam Kans, gapmayesmuiecKue npenapamoi.

Introduction. Chemically Venlafaxine (VEN) is 1-[2-(dimethylamino)-1-(4 methoxyphenyl)ethyl]
cyclohexanol, which is used as an antidepressant and is of the serotonin-norepinephrine reuptake inhibitor
(SNRI) class [1]. In clinical depression as well as anxiety disorders, it is given as a medication [2]. The
molecular weight of VEN is 313.9 g/mol and it is freely soluble in water and eliminates a half-life of 4-5 h.
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Venlafaxine hydrochloride is a third-generation antidepressant, and as per the biopharmaceutical classifi-
cation system, it belongs to the class 1 drug. The drug in its hydrochloride salt form was administered to
adults in the range of 75 to 350 mg/day.

According to the findings of the literature review, several analytical techniques have been described for
the determination of the active pharmaceutical ingredient, including venlafaxine hydrochloride, as well as
formulations including spectrophotometric [3—10], HPLC [11-18], and LC MS [19-21]. There have been no
documented kinetic spectrophotometric techniques [22—24] for the determination of venlafaxine hydrochlo-
ride in pharmaceutical formulations. In pharmaceutical analysis, kinetic methods have certain advantages
with respect to selectivity and are free from the effect of additive interference, when compared to direct
spectrophotometric methods. As there is no involvement of tedious processes such as filtration and extrac-
tion, the kinetic method is considered to be superior to others as it is rapid as well as simple. This method
has high selectivity as the absorbance measurement is made as a function of the reaction time, and the other
components do not respond at the given the optimized reaction conditions.

KMnO4 and VEN react with each other in alkaline conditions in the present study, produce a greenish
manganate with a Amax at 610 nm, and form a basis for the direct spectrophotometric determination of VEN.
Optimization of reaction conditions was done and the technique was validated in accordance with the Inter-
national Conference on Harmonization (ICH) guidelines [25] for accuracy, sensitivity, linearity as well as
precision. When applied to formulations, the validated technique results were consistent with the label claim
for VEN in the formulation.

Experimental. We used a LAB India double beam UV-Vis spectrophotometer with the UV WINS
software (version 5.2.0.1104) and a pair of identical quartz cells (1 cm thickness) to conduct our experi-
ments. The sample solution was sonicated using an ultra sonicator (Citizen Inia) before being analyzed, and
weighing was done using a digital weighing balance (Shimadzu AUX 220). The chemicals, as well as rea-
gents that were utilized, were of the highest analytical quality; throughout the research, high-purity double-
distilled water was utilized. The standard 1000 pug/mL VEN stock solution was prepared in double-distilled
water. VEN (purity % is 99.82) was a gift sample from the R.A. Chem, Hyderabad. The solutions for both
the stock and working standard solutions were freshly prepared. The commercial dosage form of VENLOR-
XR is 37.5 mg/capsule (product of CIPLA Ltd., India). Potassium permanganate (Merck, India), 0.05 M so-
lution was freshly prepared (7.9 g potassium permanganate in 100 mL double-distilled water) and standardi-
zation was done by the titrimetric method. A 0.4 M solution of NaOH (SD Fine Chemicals, Mumbai, India)
was produced by dissolving 1.6 gm of NaOH in 100 mL double-distilled water.

General recommended procedure. Accurate volumes of VEN working solution over the concentration
range of 5-30 ug/mL were transferred into a series of 10 mL standard flasks. Firstly, 1.0 mL of 0.05 M po-
tassium permanganate was added to each flask, followed by 1.0 mL of 0.4 M sodium hydroxide. The volume
of flasks was made up to the mark with double distilled water. After 15 mins, the absorbance of the prepared
solutions was observed at 610 nm and compared with a similar treatment using the given reagent blank. The
calibration graph was developed by plotting the final concentration of the drug on the x-axis against the ab-
sorbance values in the y-axis. The least-squares technique within the Microsoft Excel software was used to
calculate the appropriate regression of y on x.

Procedure for pharmaceutical formulation. Twenty capsules each containing 37.5 mg of VEN were
weighed out and the average weight of the capsule was computed. Next, the powder present in 20 capsules
was completely evicted from the shells. The powder weight that was 10 mg of VEN was weighed and was
dissolved in 10 mL of double distilled water, sonicated for a time period of 10 min and filtered through
Whatman filter paper No. 42. The filtrate was transferred to a calibrated 100 mL flask and diluted to the vol-
ume with double distilled water. The method mentioned in the general recommended procedure was applied
to the prepared solution.

Results and discussion. VEN’s absorption spectra in aqueous potassium permanganate solution in
basic media show an absorption band at 610 nm (Fig. 1). This band is formed as a result of the production of
a manganate ion, which occurs as a result of the oxidation of VEN with potassium permanganate in an alka-
line environment. Because the product’s color density rises with time, a kinetically based technique approach
was used to estimate VEN in the pharmaceutical dosage form under study. The experimental factors that in-
fluence the formation and stability of the reaction product were identified and optimized. The variables in-
vestigated were the concentration of the additional reagents (potassium permanganate and sodium hydro-
xide), the sequence in which they were added, the temperature, and the length of time the mixture was heated.
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Fig. 1. Overlay spectra of (1) reagent blank (0.05 M KMnOjy) and (2) VEN (20 pug/mL).

Optimization of reaction conditions. The spectrophotometric characteristics of the produced colored
product, as well as different experimental factors affecting color development and stability, were investigat-
ed and improved using a one-variable-at-a-time approach. The effects of potassium permanganate on the re-
action were investigated at concentrations ranging from 0.01 to 0.06 M. The high absorbance was obtained
when 1 mL of 0.05 M KMnO4 was added. The green color development occurs in basic media, so NaOH
was chosen. The influence of the concentration of sodium hydroxide on the reaction was studied over the
range of 0.1-0.5 M. The concentration of sodium hydroxide was optimized at 0.4 M to produce good ab-
sorbance. It was also found that no change in absorbance values occurs if the volume of sodium hydroxide
was above 1.0 mL. The decrease in the volume of NaOH results in the lowering of the values of absorbance;
therefore, 1.0 mL of 0.4 M NaOH was optimized.

To study the influence of time, a fixed concentration of VEN (20 pg/mL) was added to 1.0 mL of
0.05 M KMnOjs solution, and readings of absorbance were recorded in times ranging from 5 to 40 min. The
entire color development takes place in 35 min, and the color remains stable for up to 60 min while the reac-
tion product is present. Via a process of heating the resultant solution in a water bath that was thermostatical-
ly controlled, it was determined that a full-color formation had occurred. From the preliminary test, it was
confirmed that a complete color formation took place by heating the resultant solution in a thermostatically
controlled water bath. Incrementing the temperature of the water bath resulted in a proportional increase in
absorbance. Thus, trials were carried out at higher temperatures, although there was a chance of the occur-
rence of the precipitation of manganese(Il) dioxide. For this purpose, the optimal temperature of (50+£2)°C
was chosen to determine VEN. The heating time is an important part of the experiment. To determine the
time at which the solution attains its peak absorbance, different time intervals were tried and the heating time
of 15 min was found to produce the highest absorbance readings.

Quantitation methods. Because of the intensity of the generated color changes with time at 610 nm,
a kinetic approach for quantification of VEN measurement is desirable. The fixed time, rate constant, as
well as initial rate methods were utilized, while the selection of suitable analytic methods was based on the
value of intercept, applicability, coefficient correlation as well as sensitivity.

Initial rate method. The quantification of VEN from the optimized experimental conditions described
previously results in a pseudo-first order reaction in which the KMnO4 concentration was 30 times smaller
and the NaOH concentration was 600 times smaller than the initial concentration of VEN. According to the
pseudo-first-order-rate equation using the following formula, the rate of the reaction will be exactly propor-
tional to the concentration of the drug:

v=KI[CT" (1)
Equation (1) was the substructure for several experiments, which were disbursed to get drug concentra-

tion. Taking rates and concentrations of logarithms (Table 1), the preceding equation becomes:
logv = log(AA/At) = logK' + nlogC, )

where A4 is the absorbance,  is the time in seconds, and K is the pseudo-first order rate constant. Regression
of logK versus logC gave the regression equations logv = log(AA4/At) =0.6448 + 0.9342logC; r = 0.9922.
A straight line with slope values (n ~ 1) was obtained confirming that the reaction was first order.
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TABLE 1. Relation between Reaction Rates and Concentrations for Drug VEN

-3.87
—4.824

-3.59
—4.524

-3.37
—4.346

-3.32
—4.221

-3.20
—4.125

—3.13
—4.025

log(AA4/Af)
log[drug]

Fixed-time method. For the varied concentrations of VEN, reaction rates were determined. The absorb-
ance measurements were carried out at preselected fixed time. At a fixed duration of 5, 10, 15, 20, 25, 30,
and 40 min (Fig. 2) the calibration graph of initial concentration versus absorbance was established with the
regression equation assembled in Table 2. The most acceptable values of the correlation coefficient, as well
as intercept, were achieved at a fixed period of 15 min, a rate which was therefore chosen due to its having
the best suited time for measurement. The analytical parameters for the quantification of VEN by the fixed
time method were presented in Table 3. The fixed time technique was used to determine the concentration of
VEN in the concentration range of 5-30 pg/mL based on the optimal reaction conditions developed.
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Fig. 2. Absorbance-time curves for the reaction between VEN and KMnOyj in aqueous medium: 1.0 mL
of 5x1072 M KMnO4 (1) 1.59x1075 M, (2) 3.18x107° M, (3) 4.77x10° M, (4) 6.36x107° M, (5)
7.95x107° M, and (6) 9.54x107° M.

TABLE 2. Regression Equations 4 = a + bC and Correlation coefficient (#) for the Studied Drugs
of Different Concentrations at Different Time Intervals Using the Fixed Time Method

Time, min | Regression equation” r Time, min | Regression equation” r
5 -0.1047 +0.0237C 0.9941 25 —-0.0276 +0.0231C 0.9964
10 -0.0633 +0.0237C 0.9937 30 —-0.0267 +0.0207C 0.9965
15 -0.0237 + 0.066C 0.9989 35 —0.0269 +0.0232C 0.9965
20 —0.0273 +0.0235C 0.9965 40 —0.0302 +0.0276C 0.9965

N o te. A4 is the absorbance at 610 nm and C is the concentration in pg/mL.

TABLE 3. Analytical Parameters for the Determination of VEN
in Pure form Using the Fixed Time Method

Amax, NM
Beer’s law limit, ug/mL
Slope
Correlation coefficient (7)
Regression equation 4 =a + bC,
where C is the concentration of drug (ug/mL)
Sandell‘s sensitivity(ug/cm?/0.001 absorbance unit )
LOD (ug/mL)
LOQ (ug/mL)
Molar absortivity (L/mol/cm)
Stoichiometric relationship, VEN:KMnQ4

610
5-30
0.0666
0.9989

—0.0237 + 0.066C
50.54x1073
0.07
0.22
6.21x10°
1:1
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Rate constant method. Graphs of logd versus time for the VEN concentrations within the range of
1.5%107 to 9.0x107> M was plotted and the pseudo-first-order rate constants (K) corresponded to different
concentrations of the investigated drug [C], which were calculated from the slopes multiplied by 2.303. Re-
gression of K values versus [C] gave the equations (Table 4):

K=-0.1115+0.0223C, r=0.6777, 3)
where C represents the molar concentration and 4 represents the absorbance at 610 nm. Since the method

suffered from poor linearity as designated by the 7 value, this method was therefore omitted.

TABLE 4. Values of K Calculated from Slopes of log4 Versus ¢ Graphs Multiplied
by —2.303 for Different Concentrations of VEN

[Drug] K [Drug] K
1.59x107° | —2.487x107 | 6.36x107° | —9.948x107
3.18x10° | —4.974x1073 | 7.95x10° | —12.436x107
477x10° | —7.461x10° | 9.54x10° | —14.925x10°

Of all the methods described previously, the most acceptable value of » was achieved for a fixed time of
15 min, making 15 min the best choice for the VEN quantification. And as the most acceptable values of the
correlation of coefficient and linear range were obtained from the fixed time method, it was the fixed time
method that was applied in the quantification of VEN in both the pure form and pharmaceutical formula-
tions.

Analytical method validation. The fixed-time technique was used to generate and analyze kinetic curves
for various VEN concentrations under optimal circumstances. Calibration graphs of absorbance against start-
ing VEN concentrations were produced at several fixed time intervals. The calibration graph, which was
generated at a fixed time of 15 min, yielded the most suitable values of the correlation coefficient (») as well
as the intercept, and was thus chosen for quantitative analysis. The produced calibration curves demonstrated
linearity across a concentration range of around 5-30 pg/mL. Regression analysis establishes linear correla-
tions with insignificant intercepts. Table 3 shows the molar absorptivity, statistical analysis of the experi-
mental data findings, calibration graph regression equations, and analytical parameters. Higher values of the
coefficients of regression from the regression line indicate good linearity in accordance with Beer’s law.

The limits of detection (LOD), as well as limits of quantitation (LOQ) of a technique, were established
experimentally using a fixed time (15 min) approach. The LOD of VEN was attained as per ICH, LOD
(k= 3) = kSa/b (where b is the slope of the calibration curve and Sa is the standard deviation of the inter-
cept), and was found to be 0.07 pg/mL. LOQ was also attained as per ICH, LOQ (k = 10) = kSa/b, and was
found to be 0.22 pg/mL. Sandell’s sensitivity coefficient value for VEN was found to be 0.056 pg/cm? per
0.001 absorbance units (Table 3). The high molar absorptivity value and low LOD, LOQ, and Sandell’s sen-
sitivity of the colored product indicate good sensitivity of the proposed technique.

The accuracy, as well as precision, were established for the suggested kinetic spectrophotometric tech-
nique. The precision of the method was determined in terms of the intermediate precision (intra-day and in-
ter-day). For intra-day precision, three different VEN concentrations were tested in five repetitions on the
same day, while for inter-day precision, three different concentrations were examined in 7 consecutive days.
The percentage coefficient of variance (% RSD) for the results did not exceed 2%, demonstrating the high
reproducibility of the results and the precision of the method. The precision findings demonstrate that the
technique is appropriate for use in the analysis of VEN.

The stoichiometric ratio in which the permanganate of the potash and VEN were reacted was estimated
by using the limiting logarithmic method which is carried out in two separate experiment sets. In the first set,
the concentration of potassium per manganite was maintained in a constant manner, while the concentration
of VEN was varied. While in contrast to this in the second set, the concentration of VEN remains constant
and the concentration of the potassium permanganate was varied. The absorbance logarithm was compared
with the logarithm of various concentrations of VEN or potassium permanganate. The slopes of the plotted
straight line were recorded and found to be unity for each line. Hence the stoichiometric ratio for the reaction
between VEN and KMnO4 was found to be 1:1.

When it comes to the measurement of VEN in capsules, the fixed-time approach has been shown to be
effective. In order to determine the concentration of VEN, the appropriate regression equations were used
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in conjunction with a fixed period of 15 min. Application of the proposed kinetic spectrophotometric method
to the determination of VEN in dosage form VENLOR-XR, labelled claim 37.5 mg, gave the following re-
sults: recovery £SD 99.55+0.677, t-test 1.21, F-test 2.36, reported method 99.99+0.377. The theoretical val-
ues of # and £ at P =0.05 are 2.31 and 6.39, respectively. The statistical examination of data produced by the
suggested technique as well as the published spectrophotometric method [10] showed that there was no major
difference in precision as well as accuracy as revealed by #-test as well as F-test at 95% of the confidence
level, respectively.

Conclusions. The proposed method can be easily applied for the quantification of Venlafaxine in pure
and dosage forms and, moreover, the method which does not require treatment of the analyte and tedious ex-
traction processes. The proposed fixed-time method is sensitive enough in the determination of a low con-
centration of Venlafaxine. These advantages encourage the application of the proposed method in quality
control of Venlafaxine in pharma industries. No interference from excipients found in drug formulations was
observed.
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