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Introduction

Abstract

Simple, sensitive, accurate, and precise spectrophotometric as-
say has been developed and validated for the determination of
selected anti-depressant drug namely; Milnacipran HCI (MCN) in
pure form and pharmaceutical formulation. The method was based
on the reaction of methanolic solution of selected anti-depressant
drug with p-dimethylaminobenzaldehyde in acidic medium which
give yellow product that can be determined at Aex = 400 nm. The
optimization of the reaction conditions such as the type of solvents,
reagent concentration and reaction time were investigated. Under
the optimum conditions, beer’s law is obeyed in the concentration
range 60-300 pg mL?, with good correlation coefficient (r* > 0.998)
and with a standard deviation (RSD% < 0.0095). The limits of detec-
tion & the limits of quantification were found to be 13.1 and 40.0
pug mL?, respectively. A Job’s plot of the absorbance versus the mo-
lar ratio of MCN to p-dimethylaminobenzaldehyde under consider-
ation indicated (1:1) ratio. The method were successfully applied to
the determination of MCN in its pharmaceutical formulation and
the results obtained by the proposed method for the pure MCN and
commercial tablets agreed well with those obtained by the reported
method.

Keywords: Milnacipran hydrochloride; p-dimethylaminobenzal-
dehyde; Spectrophotometry; Dosage form; Content uniformity

[11,12], HPTLC [15-17]. From the reported methods we found
that there is a method has been described for determination

Depression is a mood disturbance that is significantly dis-
tinguishable from the usual mood fluctuations of everyday life.
It may be accompanied by other mental or somatic symptoms
representing several depressive syndromes [1]. Up to half of
all patients with depression may attempt suicide during their
lifetime [2]. Risk factors for developing depression include;
female gender and a positive family history [3]. Milnacip-
ran hydrochloride (MCN): chemically named as 1-phenyl-1-
(diethylaminocarbonyl)-2-(aminomethyl)cyclopropane (Figure
1). MCN is a norepinephrine and serotonin reuptake inhibitor,
for cure of depression and fibromyalgia [2]. Several analytical
assays were described for the detection of selected drug such
as spectrophotometric [4-8], Spectrofluorimetric [9,10], HPLC

of MCN which depends on measurement of the absorbance of
cited drug solution at the cutoff point of many solvents 220 nm,
which limits the methods selectivity [18]. MCN also determined
by derivatization with ninhydrin to give a purple colour that
could be measured at 570 nm after heating at elevated tem-
perature (120°C) on a glycerol bath which increases the overall
assay time [19]. Moreover, chromatographic methods required
sophisticated instrumentation, consuming large volumes of or-
ganic solvents which elevate the cost and have bad impact on
the environment. The described assay aims to develop accurate
simple, sensitive procedure for the detection of MCN in bulk
and dosage forms using spectrophotometric technique by utiliz-
ing readily available chemical coupling p-dimethylaminobenzal-
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dehyde, which has been successfully utilized for spectrophoto-
metric detection of many raw materials [20-23]. The described
assay depends on measuring the absorbance intensity of the
resulting product at 400 nm, it was validated according to ICH
recommendations [24], in addition, it has been used for content
uniformity testing of the studied tablet preparations according
to USP guidelines [25].

Material and Methods
Apparatus and Software

A Shimadzu UV-visible spectrophotometer equipped to
PC (Tokyo, Japan) with 1 cm quartz cell, super vortex mixer
(Gemmy industrial co. Taiwan, china), digital analytical balance
(Meltter Toledo, Glattbrugg, Switzerland), ultrasonicator (Cole-
Parmer, Chicago, USA), thermostatically controlled water bath
(Germany). All calculations and statistics have been occurred by
using GraphPad InStat version 3.05® software.

Pharmaceutical Compounds

Sample of investigated drugs were generously supplied by
their respective manufacturers and were used without further
purification.

Milnacipran hydrochloride (MCN, 99.80 %) was kindly sup-
plied by Averroes pharma for Pharmaceutical Industries, 6%
industrial zone, Sadat City, Menoufia, Egypt. Different dosage
form available in Egyptian market was analyzed:

Averomilan® tablets; labeled to containing 50 mg of MCN
(B.N.# 171100) provided by Averroes pharma for Pharmaceuti-
cal Industries, 6™ industrial zone, Sadat City, Menoufia, Egypt.

Materials and Reagents

All reagents used were of analytical grade (El Nasr chemical
co., Abu Zaabal, Cairo, Egypt).0.5 % w/v of p-dimethylamino-
benzaldehyde was prepared in 0.5 M sulfuric acid [22].

Preparation of Standard Solution

An accurate weight equal to 100.0 mg of each the cited drug
was carefully and separately transferred into 100-mL volumetric
flask. The powder was dissolved in 25 mL methanol and diluted
to the final mark with the same solvent to obtain a stock solu-
tion of 1.0 mg mL™. Further dilutions were made with methanol
to obtain working standard solution in the range of calibration
curves.

General Procedure

Adjusted measured volumes from the cited drug, experi-
mental standard drug solutions, equivalent to (300-1500 mi-
crograms per milliliter) for MCN were transported to 5-mL
volumetric flask, to each flask add 1 mL of (0.5%w/v) p-dimeth-
ylaminobenzaldehyde, the solutions were mixed well, then al-
lowed to stand for 15 min at room temperature (20 + 25°C) and
diluted to the final mark with methanol. The absorbance was
measured at 400 nm against reagent blank. The absorbance
has been plotted against the final concentration of cited drug
(ug mL?), calibration curve was constructed and the regression
equationwas derived using GraphPad In Stat version 3.05.

Applications of the Proposed Assay

Application to pharmaceutical formulations: Twenty tablets
of cited dosage form containing MCN were weighted accurately,
finely ground in a mortar and mixed well. An accurately weighed

quantity of the ground tablets equivalent to 100.0 mg of stud-
ied drug was added into a 100- mL volumetric flask, about 80
mL of methanol were added and the flask was sonicated for
20 min [26], completed to the mark with the same solvent and
then filtered. The first portion of filtrate was discarded. Aliquots
of this solution were transferred into a series of 5- mL volumet-
ric flasks to get sample solutions (60-300 ug mL?) for MCN and
analysis was completed as previously mentioned.

Result and Discussion
Absorption Spectrum

p-dimethylaminobenzaldehydeis an organic compound con-
taining amine and aldehydemoieties which react by conden-
sation with aromatic or aliphatic amino group to give a yellow
color in acidic medium [21]. In the present investigation, we
investigate the development of accurate, reproducible and ad-
equately sensitive spectrophotometric methods for determi-
nation of MCN as antipsychotic drug in bulk powder and phar-
maceutical formulations. The method is based on the reaction
between the primary amino group of the cited drug and the
aldehyde moiety of p-dimethylaminobenzaldehydein presence
of 0.5M sulfuric acid which gives the yellow color, after removal
of water, which can be measured at 400 nm. (Figure 2) and the
new absorption band which is characteristic to the drug to as-
say of cited drug in bulk and pharmaceutical formulations, and
testing of uniformity.

Optimization of Reaction Variables

Factors affecting the reaction conditions (volume of p-di-
methylaminobenzaldehyde, concentration of sulfuric acid, type
of different acids, condensation time and the diluting solvent)
at room temperature (25 + 5°C) were investigated by altering
each variable in turn while keeping the others constant and not-
ing its effect on the absorbance intensity of the colored product
which measured at 400 nm.

Volume of P-dimethylaminobenzaldehyde

Different volumes (ranging from 0.3 — 2.0 mL) of 0.5% w/v
p-dimethylaminobenzaldehyde were used for the general assay
procedure; It was found that the maximum absorbance inten-
sity was obtained when the reagent volume was 1 mL (Figure 3)

Concentration of Sulfuric Acid

Different concentrations (ranging from 0.4 — 1 M) of sulfuric
acid were used for the general assay procedure; It was found
that the maximum absorbance intensity was obtained when
the concentration of acid was 0.5 M (Figure 4).

Type of Acids

The effect of different acids on the absorption intensity of
cited drugs was studied using hydrochloric acid, nitric acid,
sulfuric acid, and o- phosphoric acid (0.5 M). It was found that
sulfuric acid was best acid, as it gave the highest absorption in-
tensity (Figure 5).

Reaction Time and Stability of Color

The effect of time on the formation of the yellow colored
product between the cited drugs and p-dimethylaminobenzal-
dehyde has been examined. It has been found that the maxi-
mum absorption intensity was established within 15 minutes
and remained stable for at least 30 minutes (Figure 6).
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Effect of Diluting Solvents

For selection of the most suitable solvent for the suggested
procedure, various diluting solvents were examined including
dimethyl formamide, ethanol, methanol and water. Methanol
was found to be an ideal diluting solvent as it afforded maxi-
mum sensitivity, and therefore, it was selected for further in-
vestigations, (Figure 7).

Investigation of the Molar Ratio between P-Dimethylami-
nobenzaldehydeand Studied Anti-Depressant Drug

The stoichiometry between MCN and p-dimethylaminoben-
zaldehyde was determined using Job’s method of continuous
variation [27] using (3.3 x102 M) master equimolar solutions of
both p-dimethylaminobenzaldehyde and the studied drug. The
results revealed a 1:1 ratio between p-dimethylaminobenzalde-
hyde and MCN (Figure 8) and was in agreement with the sug-
gested reaction mechanism [22]. This yellow colored product
has been established from the reaction of primary amine group
of MCN and the aldehyde moiety of p-dimethylaminobenzal-
dehydein acidic condition and removal of water, the suggested
reaction mechanism is outlined in (Figure 9).

NH,
Figure 1: Chemical structure of the selected drug.
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Figure 2: Absorption spectra of MCN before and after reaction with
0.5% w/v p-dimethylaminobenzaldehyde.
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Figure 3: Effect of volumes of p-dimethylaminobenzaldehyde (0.05
% w/v) on the absorption intensity of the studied drug (160 pg mL?).
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Figure 4: Effect of molarity of sulphuric acid on the absorption in-
tensity of the studied drug (160 pg mL?).

Figure 5: Effect of different acids on the absorption intensity of the
studied drug (160 pg mL?Y).
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Figure 6: Effect of time on the absorption intensity of the studied
drug (160 pg mL*Y).
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Figure 7: Effect of different diluting solvents on the absorption in-
tensity of the studied drug (160 pug mL?).
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Figure 8: Plot of Job’s method for the determination of molar ratio
of studied drugs and p-dimethylaminobenzaldehyde using 3.3x107?
M equimolar solution.
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Figure 9: The suggested reaction mechanism between MCN & p-
dimethylaminobenzaldehyde.

Validation of the Proposed Method

The suggested assay was verified and validated according to
ICH guidelines [28] in order to show that the developed proce-
dures agree with the demands of the cited analytical perfor-
mance. All validation procedures were checked through the de-
fined calibration range scale of the developed assay to confirm
the validation of the proposed method.

Linearity & Range

Under the optimized reaction conditions, standard calibra-
tion graphs for MCN have been constructed by analyzing a se-
ries of six concentrations of the cited drug, taking the mean of
three determinations for each concentration to minimize the
relative error. The absorbance versus concentrations within the
specified range, were plotted and treated statistically by calcu-
lation of a regression equation by least squares method [28]. In
this work, concentrations ranging from 60 — 300 ug mL* have
been examined for MCN and the different analytical parameters
such as correlation coefficient (0.9990), intercept 0.0217), slope
(0.0024) and standard deviation of the intercept (0.0095) for
MCN were presented in (Table 1). The Lower Limit Of Detection
(LOD) was found to be 13.1 ug mL*and lower limit of quantita-
tion was found to be 40.0 ug mL®.

Accuracy and Precision

The accuracy was examined by three times assays for six dif-
ferent concentrations of the pure drug. The values presented
in (Table 2) showed the high acceptance between the correct
estimations and the experimental estimations indicating a good
accuracy for the represented assay. Repeatability and Interme-
diate precision have been determined using three different con-
centrations of MCN and three determinations of each concen-
tration. The calculated (RSD) values were below 2%, indicating
good repeatability and reliability for the suggested assay. The
results and their statistical analysis were summarized in (Table
2).

Detection Limit (LOD) and Quantitation Limit (LOQ)

Detection and quantitation limits were calculated according
to ICH Guidelines Q2 (R1) recommendation [24] through the
equations:

LOD = 3.3* standard deviation of the response /slope
LOQ = 10* standard deviation of the response /slope

The detection limits was 13.1ugmL?* while quantitation limits

was 40.0 ug mL* for MCN. The results are summarized in (Table
1).

Robustness

Robustness was checked for little and fixed change in the
variables of the developed assay as: volume of p-dimethylami-
nobenzaldehyde, concentration of sulfuric acid and the reaction
time. During those assays, one parameter was varied whereas
the other parameters remained constant and the recovery per-
centage was determined each time. The obtained recoveries
and standard deviations indicate a little difference in each of
the studied parameter had no significant effect on the absorp-
tion intensity of the resulting product (Table 3).

Application

Pharmaceutical application: The suggested assay was used
for the detection of tablet formulation of the selected drugs; the
results obtained were compared by those of reported methods
[18] by applying student's t-test and the variance ratio F-testat
95% confidence level. No significant difference was noticed be-
tween the values of the suggested and reported methods. This
indicates the high accuracy and precision in the assay of the in-
vestigated compound (Table 4).

Content uniformity test: The method was applied to content
uniformity test that is a time-consuming procedure when apply-
ing normal experiment techniques, owing to the great accuracy
of the suggested assay and its capacity to quickly determine the
content of the drugs in only one tablet obtained with adequate
precision. Ten different tablets have been assayed by applying
the same experiment which used to analyze MCN drug in tab-
lets. The uniformity contents have been checked using the of-
ficial United State Pharmacopeia guidelines [25] (Chapter 905:
Uniformity of Dosage Units). The Acceptance Value (AV) was
determined for all dosage forms and it was established to be
very smaller than the maximum allowed acceptance value (L1).
The results of content uniformity of commercial preparation are
shown in (Table 5).

Table 1: Analytical parameters for the analysis of the cited drug by
proposed assay.

Parameter Milnacipran (MCN)

A, (nm) 400
linear range (ug mL?) 60-300
LOD (pug mL?) 13.1
LOQ (ug mL™) 40.0
Correlation coefficient (r) 0.999
Determination coefficient (r?) 0.998
Slope (b) 0.0024
Intercept (a) 0.0217
SD of the intercept (Sa) 0.0095
SD of slope (Sh) 0.00005
SD of residual ( Sy.x) 0.01095

*Average of 3 determinations.
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Table 2: Evaluation of accuracy and precision of the proposed assay.

Parameter MCN (%found)*
Taken (pg mL?) 120.0 160.0 200.0
1 99+0.71 100+0.91 97.5+0.5
2 98.2+0.82 98.4+1.1 98.5+0.7
Repeatability

3 97.5+0.9 99.6+0.7 97.6+0.81

Mean+ SD | 98.2+0.75 | 99.2+0.83 97.8+0.6
1 99.3+0.73 | 97.7+0.83 @ 98.8+0.75
2 98.2+0.6 98.5+1.2 98+0.56

Intermediate precision

3 97.9+0.76 = 99.3+0.91 97.7+0.0.6

Mean+SD | 98.5+0.74 98.5+0.8 98.2+0.6

*Average of 3 determinations.

Table 3: Robustness of the proposed assay for the analysis of selected
drug.

Mean*+SD
Parameter
MCN(160 pg mL?)
Optimum condition 99.2+0.6
1- Volume of PDMAB (mL)
0.8 96.8+0.3
1.2 98.3+0.7
2- Molarity of selected acid (M)
0.4 97.5+0.9
0.6 98.7+0.9
3- Reaction time (minutes)
10 98.2+0.7
20 97.6+0.8

*Average of 3 determinations.

Table 4: Comparison between the proposed assay and the reported
method for the determination of the selected antipsychotic drug in its
tablet dosage form.

Pharmaceutical Mean+SD*?
t-value®
dosage forms | proposed method | Reported method F-value®
Averomilan® (50
98.7+0.4 98.9+0.4 0.7 1.1
mg MCN/tablet)

*Average of 3 determinations.
bTabulated values at 95% confidence limit are t =2.306, F= 6.338

Table 5: Results of content uniformity testing of selected drug tablets
using the proposed method.

Dosage form no. Averomilan® 50mg
% labeled claim*

1 97.7+0.7

2 98.5+0.9

3 99.1+1.1

4 97.9+1.0

5 98.5+7

6 98.8+0.8

7 99.1+1.2

8 98.8+1.1

9 98.1+0.9

10 99.0+0.78

Mean+SD 98.5+0.5
Acceptance value (AV) 1.2
Max. allowed AV(L1) 15.0

Acceptance value =2.4 x SD. *Average of 3 determinations.

Conclusion

In the presented study, p-dimethylaminobenzaldehyde has
been selected as coupling reagent to form a yellow colored
product with Milnacipran HCIl. The presented work possesses
the advantages of being sensitive, simple, rapid, reliable, and
accurate for the analysis of the antipsychotic drugs in its bulk
and commercial tablets. In addition, it is a time-saving meth-
od and there is no need for pre-treatment or extraction of the
samples. Moreover, the suggested assay is very suitable to be
applied in tablet content uniformity test and for routine assay
and quality control inspection of the studied antipsychotic drug.
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