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There may be significant variation in stereoisomers related to distribution, bioavailability,
metabolism, and excretion. Venlafaxine is a bicyclic phenylethylamine derivative, a unique anti-
depressant,which structurally differs from other currently available anti-depressants. Its mechanism
of action is believed to be associated with triggering neurotransmitter activity in the CNS. This
drug is a racemic mixture of the (—)-R-enantiomer and (+)-S-enantiomer. O-desmethylvenlaflaxine
is the major metabolite formed after first pass metabolism with similar potency as parent drug.
Two less potent minor metabolites are N-desmethylvenlafaxine and N,0-didesmethylvenlafaxine.
Thus, summarization of all of the analytical methods for the determination of venlaflaxine
alone, in combination, or in the presence of other metabolites, is summarized. The keywords
used for search were “Analytical methods on Venlaflaxine,” “Determination of venlaflaxine,”
“Determination of venlaflaxine and metabolites,” and “Venlaflaxine plasma determinations.” Eight
spectrophotometry, 26 chromatography, and seven electroanalytical methods were found for
the determination of venlaflaxine alone, in formulations, biological matrices, and simultaneous
determinations with metabolites and other anti-depressants. Short review of pharmacological

activity of venlaflaxine and its metabolites are also presented.

Introduction

Depression is a very common and disabling disease with important
social and economic implications. Although many anti-depressant
agents are available for the management of this disorder, their
efficacy is often limited, because toxic events can be encountered.
Their most serious adverse effects include the risk for life-threatening
arrhythmias, especially in patients with pre-existing cardiac disease
or after overdose administration.!"! Because depression and anxiety
disorders are associated with chronic and pervasive psychosocial and
occupational dysfunction, they are a significant cause of disability,
comparable to the disability associated with chronic illnesses like
diabetes, rheumatoid arthritis, and hypertension.?
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The complex nature of interactions between neurotransmitter
systems may limit the accuracy of predictions of an anti-depressant’s
ability to successfully treat a given patient’s symptoms based on its
mechanism of action. However, it has been suggested that serotonergic
and noradrenergic anti-depressants have differential efficacy in patients
with a particular combination of symptoms or subtype of depression;
that is, anti-depressants that selectively target 5-HT might be more
effective in treating patients with a given symptomatic profile, while
those that target NE neurotransmission might be more suited to
patients with a different symptomatic profile.®!

Venlafaxine is a bicyclic phenylethylamine derivative, which
is a unique anti-depressant, structurally differs from other
currently available anti-depressants.* Venlafaxine and its active
metabolite, O-desmethylvenlafaxine, inhibit the neuronal uptake of
norepinephrine, serotonin, and, to a lesser degree, dopamine, but
have no monoamine oxidase inhibitory activity and a low affinity
for brain musca rinic, cholinergic, histaminergic, or alpha-adrenergic
receptors.’ Hence, it lacks the adverse anti-cholinergic, sedative,
and cardiovascular effects of tricyclic anti-depressants. Venlafaxine
has an established tolerability and efficacy profile for the treatment
of depressive disorders."!

It has been proposed that anti-depressants with a dual action
of inhibiting the re-uptake of both noradrenalin and serotonin
(5-hydroxytryptamine, 5-HT) may be more effective than drugs
acting on a single monoamine (e.g. selective serotonin re-uptake
inhibitors, SSRIs). Venlaflaxine is the first drug to be marketed that
inhibits both noradrenalin and 5-HT re-uptake without actions in
other receptors.”!
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Venlafaxine is available in immediate-release (IR) formulation:
ODV half-life is about 10 h (and venlafaxine half-life = 4 h), so
this drug can be given in two divided doses. An extended-release
(XR) preparation is also available in 37.5, 75, and 150 mg doses:
Once-a-day XR dosing achieves bioavailability equivalent to that
of twice-a-day dosing with IR formulation. The XR preparation
is also associated to a better compliance and demonstrates both
anti-depressant and, after 2-3 weeks of treatment, also a good
anxiolitic effects.”®! Metabolism of venlafaxine occurs primarily via
0-demethylation (mediated by cytochrome P450 [CYP] 2D6) and,
to a lesser extent, by N-demethylation (mediated by CYP3A4)."!

Venlafaxine is unique among anti-depressants in that it down-
regulates [-receptors after a single dose, a property which has lead
to speculation that venlafaxine may have a more rapid onset of clinic
anti-depressant activity than other anti-depressants. Experience with
venlafaxine would suggest that multiple mechanisms of action with
a tolerance profile, which permits pushing the dosage, may reduce
the time to anti-depressant activity.!'"

The prescribing of anti-psychotic and anti-depressant drugs has
increased appreciably during the past decade.Example of such a drug
is the anti-depressant venlafaxine. This drug is a racemic mixture
of the (—)-R-enantiomer and (+)-S-enantiomer. The R-enantiomer
inhibits both serotonin and noradrenaline reuptake in vitro, while
the S-enantiomer inhibits only serotonin re-uptake.!'!

Venlafaxine undergoes extensive first-pass metabolism to
the major O-demethyl metabolite, and 2 minor metabolites.
0-demethylvenlafaxine (Referred here 0-de-MVX) inhibits
noradrenaline and serotonin re-uptake with similar potencies to
those of the parent compound!'? and exhibit linear kinetics with an
elimination half-life of 5 and 11 hours.""3 Two minor metabolites are
N-desmethylvenlafaxine and N,0-didesmethylvenlafaxine (Referred
here as N-des-MVX and N,0-dides-MVX) [Figure 1]|. These two
metabolites may also be considered as pharmacologically active,
but they are claimed to be less potent than the parent drug.!""!

Thus, there is no doubt that venlaflaxine and its metabolites
are clinically important. Hence, there is a need to summarize all
of the analytical methods for the determination of this drug in
different matrices. The presented review is helpful for researchers
engaged in developing new analytical methods and formulations
in this field. This review is also useful for the researchers involved
in understanding the mechanism of action of each metabolite and
their pharmacokinetic and pharmacodynamic relations.

To the best of our knowledge, this is first-time summarization
of all of the analytical methods of venlaflaxine along with its
metabolites in a single publication is attempted. This review is
divided into three sections: Spectrophotometry, chromatography,
and electroanalytical methods. Principles, sensitivity (LOD and
LOQ), linear range, and applications of each method will be
described here.
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Figure 1: Chemical structures of venlaflaxime and its metabolites

Analytical methods

Venlaflaxine 1-[(1RS)-2-(Dimethylamino)-1-(4-methoxyphenyl)
ethyl] cyclohexanol hydrochloride!'? is official in European
Pharmacopoeial™ and British Pharmacopoeia.' This is white or
almost white powder, freely-soluble in water and in methanol,
soluble in anhydrous ethanol, slightly soluble or practically insoluble
in acetone. It shows polymorphism.!'

Spectrophotometry

Nine spectrophotometric methods!'®?" were found. Most of them
are not well format and due to lack of scientific evidences, we
found difficulty in finding conclusion regarding their sensitivity,
applications, and simplicity of the procedure. We found only two
publications with reported quantitation and detectionlimits.!"82!
Interesting fact about these publications is the use of buffer
(pH 6.8)!"and absolute alcohol.?'! There are some procedures
involving some reactions,!"®? but they failed to increase sensitivity
significantly compared to methods used in distilled water. Method
developed by Karani and Pingale!'”!is the most economical method
reported. Summary of all spectrophotometric methods reported
is presented in Table 1.

Chromatography

Twenty-six chromatographic methods?***! were found for the
determination of VX and its metabolites in different matrices.
With quantitation limit of 0.1 ng/ml method developed by Juan
et al.B¥ for the simultaneous determination and screening of VX,
fluoxetine, citalopram, paroxetine in human plasma, is the most
sensitive method found. Likewise many chromatography methods
are published in the current literature with good sensitivity. All
LC-MS/MS determinations are having good sensitivity.?231-35.38:4044.43]
GC-NPD""'and some methods with fluorescencel?>*! detection also
have appreciable sensitivity. Five different methods were developed
for the determination of VX alone in different pharmaceutical
formulations.42¢281 Count of publications related to determination
of VX alone in biological matrices?23333742 glso attained same
figure. Recent publication is the stability indicating method for the
determination of desvenlaflaxine."!!

Out of these 26 chromatography methods, 10 HPLC-UV
methods/?2426-283037394146 were found. Detection wavelengths of
all methods found to be near to A__ of VX (near to 225 nm). This
shows that pre-column or post-column derivatization methods
were not attempted till date. HPLC-UV methods are convenient
and more economical than LC-MS methods, but are less sensitive.
Quantitation limits of HPLC-UV methods!?*242628.30.373941.46] yarjes
between 0.05 — 600 pg/ml, whereas this range is 0.1 — 5.0 ng/ml
for LC-MS systems/?231:35:38:404445] clearly demonstrated the sensitivity
comparison of UV and MS detection.

LC-MS/MS developed by Xiang et al.”? applied in a pharmacokinetic
study of venlafaxine extended release capsule formulation in 20
healthy Chinese male subjects under fed condition. Verapamil
was used as internal standard because of its solubility in solvents,
similarity between structures, and absence of any chemical
reaction with VX. The detection was acquired in the positive ion
mode. Nitrogen was used as desolvation gas at a flow rate of 350
L/h. Desolvation temperature was set at 300°C. The ionization
source worked at 110°C. Scan time was 0.10s, capillary and cone
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Table |: Summary of different spectrophotometric method

Principle Detection Linear range (ug/ LOD LOQ Application Ref
wavelength ml)

Drug was dissolved in 222 nm 2-26 NM Tablets [16]

phosphate buffer of pH 6.8

Drug was dissolved in 225.27 nm 4-24 NM Tablets and capsules  [17]

Distilled water

Reaction with Picric acid 407, 405, 430, and 8-125, 1.7-23,9.6- 0.23,2.25, 1.26, 0.75,7.3,4.2,5.49 bulk sample, dosage [18]

(PA), Chlorophylline 530 nm for PA, 200, and 8.28-160 and 1.66 ug/ml, respectively form and in spiked

coppered trisodium salt CLPH, AR, and RK, ug/ml, respectively  respectively urine samples

(CLPH), alizarin red (AR), respectively.

ammonium reineickate

(RK) reagents

Green complex of drug 626.4 nm. 10-50 NM Bulk and tablet [19]

with cobalt thiocyanate dosage forms.

extracted in nitro benzene

Reaction with citric acid- ~ 561.2 nm 8-24 NM

acetic anhydride reagent

Third order derivative 285 nm 40-120 1.82 5.49 Tablets [20]

Sample prepared in 276 nm 0.5-2.5mg NM Tablets [21]

ethanol

voltages were 1.2KV and 20V for ESI. Voltages were 19eV and 25eV,
respectively, for venlafaxine and verapamil (IS). Quantitation was
done using the MRM mode to monitor precursor—production
transition of m/z 278—m/z 57 for venlafaxine, and m/z 455—m/z
165 for verapamil. In this study, two formulations were investigated,
and both were found to be bioequivalent.

HPLC with coulometric detection method was reported by
Clement et al.” using paroxetine as internal standard. Paroxetine
was selected as an L.S. for two reasons. Firstly, VX and paroxetine
are both 5-HT re-uptake inhibitors, and it is unlikely that these
would be both administered together to subjects and secondly,
paroxetine is well-separated from VX and 0-dex-MVX. Authors
claimed that that coulometric detection gives more selective
measurement of the analytes than UV detection method. VX has
a much lower response to electrochemical oxidation than that of
0-dex-MVX and paroxetine, consequently a higher voltage setting
was required to attain the necessary sensitivity for VX to be
measured simultaneously.

Stability indicating high performance liquid chromatographic
method® was also developed. The sample treated with acid
showed an additional peak at a retention time of 4.32 min other
than the main peak at a retention time of 5.32 min. It is due to
0-demethylation of venlaflaxine of the 4-methoxy group attached
to the phenyl ring. This compound being more polar in nature is
eluted faster.”"

Determination of nine anti-depressants in oral fluid and plasma
by LC-MS-MSF? s also available in the current literature including
VX. No interferences were found at the retention time of any of the
compounds when blank samples or real cases positive to drugs of
abuse and other medicines like benzodiazepines were analyzed.
Results obtained in this study do not show a good correlation
between venlafaxine levels in oral fluid and plasma or the plasmatic-
free fraction.

Another similar publication of separation of 11 anti-depressant
drugs and 4 of their metabolites through GC-MSP¥is also available.
Amitriptyline, citalopram, clomipramine, fluoxetine, fluvoxamine,
maprotiline, desmethyl-maprotiline, mirtazapine, desmethyl-
mirtazapine, nortriptyline, paroxetine, sertraline, desmethyl-
sertraline, venlafaxine, and desmethyl-venlafaxine were investigated
in whole blood. In this assay, protriptyline was used as internal

standard. This method is useful in routine analysis and for the
toxicological analysis during the investigation of different clinical
and forensic cases. Solid phase extraction procedure was adopted
for extraction of drugs from blood. Since both VX and desmethyl-
venlafaxine are tertiary alcohols [Figure 1], dehydrogenation
procedure was adopted for derivatization.

Chiral discrimination is frequently encountered in biological
systems. The pharmacological and pharmacokinetic differences
between drug and enantiomers are often significant.*!! The
biological activity of chiral substances often depends upon their
stereochemistry, since the living body is a highly chiral environment.*!
Therefore, health and regulatory authorities, such as the US Food
and Drug Administration (FDA) defined more strict requirements
to patent new racemic drugs, demanding a full documentation
of separate pharmacological and pharmacokinetic profiles of the
individual enantiomers and their combination.>

LC-MS/MS assay for simultaneous determination of venlafaxine
(VX) and its active metabolite, O-des-MVX in human plasma was
developed using nadolol as an internal standard (IS).P' Nadolol
though belonging to a different class of compounds but with some
structural similarity with the analytes was tested as an internal
standard. The results were encouraging, as all three compounds had
similar chromatographic behavior and were easily extracted from
plasma proteins with 0.43% formic acid in acetonitrile. Moreover,
there was no significant matrix effect of IS on both the analytes.
Use of ammonium trifluoroacetate (1.0 M) in the mobile phase
further enhanced the response for both the analytes and IS with low
background noise, resulting in higher sensitivity. The most abundant
ions found in the product ion mass spectra were m/z 58.1, 58.1 and
254.1 at 35, 45, and 25V collision energy for VX, 0-des-MVX, and
IS, respectively. Protein precipitation was carried out using ethanol,
methanol, acetone, and acetonitrile solvents. The best results were
obtained with 0.43% (v/v) formic acid in acetonitrile.

A stereoselective method is described for simultaneous
determination of the S- and R-enantiomers of VX, and its three
demethylated metabolites in human plasma and whole blood
samples®™ are also available in current literature using solid phase
extraction techniques. 0.05% formic acid in acetonitrile was added
post-column at a flow rate of 0.2 ml/min to increase the sensitivity
of the method. The run time was about 35 min for each sample.
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This long analysis time meant that a limited number of samples
could be processed each day.

HPLC-MS/ESI method for simultaneous determination of VX and
its three metabolites O-des-MVX, N-des-MVX, and N,0-dides-MVX in
human plasma is developed by Liu et al.*¥ Gradient elution program
was used by varying proportions of two different solvents (solvent
A: Ammonium acetate 30 mmol/l, formic acid 2.6 mmol/l, and
trifluoroacetic acid 0.13 mmol/l; Solvent B: Acetonitrile). Various
anti-depressants (fluoxetine, citalopram, paroxetine, duloxetine,
milnacipram, and reboxetine) used in management of depression
were evaluated for interference with the assay for VX and its three
metabolites.

Another similar publication is simultaneous stereoselective
analysis of VX and 0-des-MVX enantiomers in human plasma by
HPLC-ESI/MS using a vancomycin chiral column.* Sildenafil was
used here as an IS, but the reason is not stated in the manuscript.
The possible explanation was that the enantioseparation of VX and
0-des-MVX on the vancomycin chiral column was the combination
of several mechanisms, and thus require more research.

Microorganisms have recently been successfully used as models
for drug metabolism studies and for obtaining metabolites that
could be developed as new drug entities. One HPLC method is
also available for estimation of VX and its metabolites in microbial
biotransformation studies. Elute was monitored at 200 nm, probably
due to weak absorption of metabolites as compared to parent
compound VX, A (= 225 nm).

Only one research related to stability indicating reversed-phase
liquid chromatographic method for the quantitative determination
of des-VMS in bulk sample and pharmaceutical dosage form!*'l
was found. Authors reported formation of 4-[2-(dimethylamino)
(1-cyclohexylidine)ethyl)phenol] (m/z 246.5), which further degrades
into two fragments (201.1 and 58.2 m/z).

Spectrophotometric methods are rapid and far more economical
than chromatographic methods, but their destructive nature and
lack of sensitivity is a huge disadvantage.”"Increased sensitivity of
methods like HPLC-EMS and UPLC-MS/MS is mostly compromised
with complicated instrumentations, procedures, and mobile phases.
But they are useful in investigation of biological samples.’

The summary of reported chromatographic methods ispresented
under Table 2.

Electroanalytical methods

Modern electrochemical methods are now sensitive, selective,
rapid, and easy techniques applicable to analysis in the pharmaceutical
fields, and indeed in most areas of analytical chemistry. They are
probably the most versatile of all trace pharmaceutically active
compound analysis. Electroanalytical techniques can easily be
adopted to solve many problems of pharmaceutical interest with a
high degree of accuracy, precision, sensitivity, and selectivity, often
in spectacularly reproducible way by employing this approach.”
Electroanalytical techniques can, in some instances, offer some
advantages, among them:(1) Simple sample handling;(2) speed of
analysis;(3) high sensitivity; (4) comparable or better accuracy; (5)
cheaper instrumentation and lower cost of chemicals used; and
(6) limited use of environmentally unfriendly organic solvents.!!

Seven different electroanalytical methods!">%*® were found in
literature search. Potentiometric titrimetry method for assay of
VX raw material is described in BP."" Electroanalytical method
with highest sensitivity (LLOQ, 1 ng/ml), which is simultaneous

determination of 20 anti-depressants in plasma samples, was carried
out by non-aqueous capillary electrophoresis with time of flight
mass spectrometry via electrospray ionization."!

Carbon nanotubes (CNTs) have started a new era for the
development of novel electrode materials due to their amazing
structural, mechanical, electrical, and physical properties. They have
been successfully used as modifiers to obtain very low detection
limits. An application of Nafion/CNT composite film on Glassy
carbon electrode (GCE) for the trace determination of VX and des-
VMX employing adsorptive stripping differential pulse voltammetry
(AdSDPV) is presented by Sanghavi and Srivastav.* This method is
also one of the most sensitive methods reported till date.

Summary of other electroanalytical methods are described under
Table 3.

Future aspects

HPTLC method for the determination of VX alone or its metabolites
are not found in literature survey. HPTLC is the only chromatographic
method offering the option of presenting the results as an image.
Other advantages include simplicity, low costs, parallel analysis
of samples, high sample capacity, rapidly obtained results, and
possibility ofmultiple detection.'l The modern HPTLC technique,
combined with automated sample application and densitometric
scanning, is sensitive and completely reliable, suitable for use in
qualitative and quantitative analysis./°?

The acid-dye method can provide a more sensitive technique
for certain amines and quaternary ammonium compounds that
absorb weakly in the ultraviolet region. In such methods, addition
of an amine in its ionized form to an ionized acidic dye yields a
salt (ion-pair) that may be extracted into an organic solvent such
as chloroform or dichloromethane. The indicator dye is added in
excess, and the pH of the aqueous solution is adjusted (if necessary)
to a value where both the amine and dye are in ionized forms. The
ion-pair is separated from the excess indicator by extraction into
the organic solvent, and the absorbance is measured at the A of
the indicator in the solvent.l®®

Non-aqueous titrations permit a rapid determination of different
types of compounds common in the pharmacy of today: Amines
and heterocyclic nitrogen compounds, aminoacids, alkali, and
organic salts of weak acids and of hydrogen halides.'* This is
our hypothesis that since venlaflaxine molecule is available in
hydrochloride salt, non-aqueous titration method can also be
developed in the presence of mercury acetate, and obviously such
methods do not require costly equipments and skilled personnel.

Conclusion

Metabolic and regulatory processes mediated by biological systems
are sensitive to stereochemistry, and different responses can be often
observed when comparing the activities of pair of enantiomers. Thus,
regulatory authorities encourage the pharmaceutical industries to
provide single enantiomer of drugs, although most of them were
commercialized as racemates. Nowadays, the situation has definitely
changed, as technical advances permit production of many single
enentiomers on a commercial scale. Many enantiomerically pure
drugs have successfully reached the market.*® Thus, there are
requirements of literatures including analytical methods of parent
drug, its isomers, and metabolites.

Spectrophotometric methods are less expensive, but their

Systematic Reviews in Pharmacy | January-December 2012 | Vol 3 | Issue 1 45



Shrivastava: Determination of venlaflaxine and metabolites

[e€]

43

[i€]

[og]

le7]

[s7]

VA4

14|

[sd

yd

[ed

[cd
JEN|

‘sa|dwes poojq sjoym

pue ewse|d uewny uj sajijoqelaw
pajejAyawap 93.y) s3I pue XA
JO SJSWONUBUS-Y pUE -§ 3y} JO

XAW-S9PIp-
PUE XAIWN-S9p- 10}
WU §T°0 “XAIW-S3p-

XAW

-S3pIp- pue XAW
-S9p- 40} U 00S-5°0
“XAW-Sop- pue
SJSWONUBUS Y pUE -§

(A/A £06:01) 9 Hd @3e3928 WNIUOWIWE W) | :UBINJOIPAYR.IIS) JO

uolnjeulLLISISp snosuel|NLUIS SW  PuUB XA 10} U §°0 WN Y1 10} |\JU 000 |—|  P3sisuod aseyd 3[IGO}, “ULIN|OD A D1OIOIIYD W | TXWW 0T SIW-SW/DT
"G 9INUIW 1B 950/
0} ureSe asea.dUul 0 ‘4 AINUIW |IUN 950G O3 pasea.dul A|jenpe.s
sa|dwes ewse|d sem 93ejuadiad 9)1I3IUOISE ‘USY] (G'() SINUIW |IUN S|LIIIUOIDE
ewse|d pue pinjj [eJo ui ewse|d Jo ased ay) ul Jw/3u %G| :paljdde sem jusipe.s) “uiw/Jw °Q jo et Moj} & Je aseyd
XA 8uipnjaul syuessaidap-j3ue suiu ul pue pinj [eJo 000] ©3 T ‘pinby| [eJo s|igow se (|Jw ‘€ Hd) @1ew.o} wnjuowwe pue 9jL13ILUOIIE JO SW
JO uonjeuliwJaalap snosuey WIS S ul yzoq I_E\MC C NN 40} I_E\Mr_ 00501¢C ur_w_—.um.,_w 14 ME_wJ .AEl Q'€ ‘ww | gXww ONV uwnjod §| m_U a4iung \WZIUI_
XAW-S3pP-O *9]B192B0.ON|J143 WNIUOWIWE |’ | ‘|W §°|
XAW-S9P-O sajAfeue  salkjeue Yyloq  Joj |W/SU OG-0 PUB -+ JSJBM PIZIUOIDP |W (0G9 + |OUBYISW W OGE JO passisuod aseyd SW
PUE XA Jo Apn3s 2usjeainbsolg SW  yoquojjwBuQg  Jopjw/BuQT XA-0}|W/BUQ0S-0T  DHOoWw Syl uwnjod (wrl § ‘Wwgy X wwi 0g) ouekd AundAH /SO
“ulw/jw g°| Jo 93eu molj e 3 (§2:5£) 8'9 Hd “[W #0°0]
ajeydsoydoy1io uadopAyIp WNIPOS:3|LIIILUOIE JO PIISISUOD
(XA) 8unesipur Aiqess wu 477 AN Iw/3r 009 |w/3rios | lwBrio|-]  @seyd sjqow 8y “uwinjod (wrl § ‘Ww 0STX9'Y) °*D qlosiiayds DTdH
A 860 pue Ui/ | 83e4-mOl} (A/A 0/:0€) [ouBLpa
AS6°0 A S9°0 21oM —(g' Hd) 4aynq =1eydsoyd wnissezod || §0'0 jo paisisuod aseyd
||22 pJien3 pue 7 ‘| 3|Iqol [[el4e3ew ajLuoueA> pue (|£2epe3no) 'y jo uoieuiquiod
auIxeje|uaAjAYIawsapAxo  sjennuajod Sunesado sa)Ajeue Y1oq sa)Ajeue apouw paxiw ] ND/SdO g-osiiayds wrl g & ynum payoed
pue XA Jo sajjoud ewse|d Ol3dwolno) WN  JojyJw/Bugg Y09 o} |w/3u 0070 0IN ‘PIRYsaIP3E| XBUSWOUSYY)UWN|OD Q| WW 9 X 0§T O71dH
ulw/jw Q' | jo d3ed Mojj e e ‘aseyd ajiqow &
se (09 :0#) Joueyasw (g Hd) Jayng @xeydsoyd Ly /0 Yum (3zis
suopenuLioy wu §7Z AN wBr g0  1wBEns.00 \w/Br z/-8y  @phJed Wl g Pl WW 9 X 0ST) UWN|OD [enATeuR °'D) |iISeo.l] DTdH
ulw/|w G/°Q 93ed Moj{ ‘pide dLioydsoyd-o
NP YIm 00’ HA ‘A/A 0£:0€) 3)131uo3sdy :areydsoyd usBoupAy
wnissejodip Suiurejuod aseyd sjiqow YIIM ‘SpoW dIFIDOS]
sI9|qeL wu /72 AN lw/3n €€°02 w3 119 \w/3n 961-8T upp ww °Zx 001 D Buiney uwinjod H3g WL Anboe v O1dH
ulw/jw 0’| .4 MOJH "pasn
sem (7'9 Hd ‘A/A ‘0g:02) @1eydsoydoyiio usdoupAyip wnissejod
W §0°0 :Jourylaw Sulureuod aseyd 3]Iqow ‘Opowl d[IeId0S! Ul *p'l
s19|qeL wu 97z AN |w/3u 00€ Jw/3u 00| w8 e-€0  Ww 9'yx ST Suiaey uwnjod wr g *°'D UIWSD Xauswouayd v D1dH
Burioyiuow 3nup snnadesayy
pue saipn3s dnaupjodeweyd
Ul XAIW-SIPIP-N ‘O PUe XA (wu gog ““y/wu ulw/jw 7 33ed Mo|{ "pioe dLioydsoyd
-Sap-O SOM|OqEIDW JOfeW YIM 007 " Y) 24010919p sa)Ajeue sajAjeue  Aq gz Hd o1 paisnipe (A/A ‘G9:G€) Jarem:jourylaw aseyd 3[1qol
UOIJBUILLISISP SNO3UB)NWIS SduadsaJon|4 |[e Joj Jw/3u | WN |[e 4o} Jw/3u 0og- | "ULWIN[OD WW 9 X WW 00 | 98| -dY 92UBWLIOLSY YlljowoiyD) J1dH
uiw (o}
SunJ) UlW/|wW (" | JO 93ed MOJ} 3B (A/A ‘ST:G/) m__._u_:ouqum v:mmA_%w
Hd) suiwejAyzsri Suiureauod |yw of J4ajnq o1eydsoyd usdoupAy
sa|nsded ases|a.-papualxa wniposip aseyd sjiqow e Suisn uone.edss d1eId0S| “D Ot I
Ul SUIXBJE|USASIP JO UOREILIUSP) wu 7z AN Iw/Bw §4100°0  IW/Bw 50000 Iw/Bw 50°1-54°0 (VSN ‘s1a3eM) (W § Pl W 9y X 0§ 1) UwNjod ° AL X D1dH
ulw/ W Q0’| o dJed MOJ} B JB
S9IpN3s uoIIN|ossIp unJa ‘(A/A/A ‘:0€:79) |oUBYISW—3|LIIUOIRdE—PIdE dloydsoyd yum
1o} pue speaq [eaL1ayds Suiurejuod 8'9 Hd o1 paisnipe ‘Lyw 7€ Jaynq Sjejede-WnIUOWWY :aseyd
s9|nsded aseajo. papuUIXa U| wu 97z AN |w/3r 08'0 lw/3n 70 W/ 0£-01  SNIGOIN "D.SE I8 PRURILIRW (W 9°pX W 0§7) uwnjod *'D eun' D1dH
uone.IsiuIWpe
asop-a|dijnw pue uone.IsIuIWpPE "uiw/|w O€°0 JO 1k MOJ} & I8 (A/A‘G | :Gg) SIeIadE
asop-93uls B YIIM XA Jo Sunsay winjuoWWE -/joww () | -joueyiaw jo aseyd ajiqow d3eud0s! ue
adusleAINba0Iq pue AiqejeAeolg SW WN WN lw/3u 00Z-T (uedef oAl ‘wirf € ‘W | g X Www 0g) UWN|od €-SO IISHAU|  SIW/SIN-DT
uonedddy 41032339 001 aoil a8ue. Jeaur uwnjo)/aseyd SIGOIN  POYIBW

spoyraw AydeaSojyewo.yd jo Arewwng :g ajqep

Systematic Reviews in Pharmacy | January-December 2012 | Vol 3 | Issue 1

46



Shrivastava: Determination of venlaflaxine and metabolites

“UIL/|W | JO 91.J MOJJ B YIM (A/A §/:6T) 8'€ Hd

S31pNJs UOIJBULIOJSUBIIOIq Jo Jaynq areydsoyd uaBoupAy WNIPosIp |\ S0°0 PUE 3|li31uocIade
lov] [B1GODIL U XA JO UOHERWIST wu 00T AN lw/3r 500 WN Iw/Bri o] —§'0  jo pa3sisuod aseyd 3jiqoyy (uedef ‘3DS) uwNod S W 0ST X 9% DTdH
dsau “dsau
ewse|d uewNy Ul SISWONUBUD XAIW-SOP- Y PuB XAIN-Sop- pue “dsad WA
XAW-S9p- 9joqersw XAW-S9P- -S ‘XAM XA JO SISWOSI  -S9p- XA JO SI9WOS] urwy/u () Jo 9er mop e ie (0'9 Hd ‘68:1) [ouryjow
Jofew s)1 pue XA Jo sisAjeue “XA-S 40} ‘lw/Bu g'¢ Y30q 4o} |wi y1oq Joj} ‘w/Bu —0Je}90. WNIUOWIWE [/[OWW ()¢ JO pAmsuod sseyd a[rqowr SIW
[s¥] PARDS|2S001o1SISNOSUE NILUIS SW PUB €4 TG ‘0'S /BUGIPUBQ| 08Z-0F% PUBQOL—0'S UMM UWN[OD (Wl 9 X Wil (0T ‘Wil ¢) NI A DILOIFOTIHD /IS3-D71dH
“dsa. XAW-SIPIP “UIL/[WE "] JO 91BI-MO[J B 18 (A/A ‘0%:09)
ewse|d uewny ui PUB XAIN-SOP- ‘XA 2[LIIU0I0E puk ([/[OW ¢ ]°() PIOB 91}90B0IONJILY) PU [/[OWW 9°7
XAW-SOPIP PUB XAIN-SSP- “XAIW -S9p- ‘XA -Oj [W  PIOB OIULIOJ ‘[/[OWW ()€ :9JBIO0R WNIUOWUIR) I9JeM JO PAIMIISUOD
-S9p- s9)I|0geIsW 93.Y) S)I pue Jw/Bu /83U 00/—0°T ‘008-0'€ S)uaA[os i werdoxd uonnya juarpesd e Sursn ‘uwnjod (VSN 1S3
[b¥] XA jo uopeuiwLaISp snosue3 NS SW 61 PUe /T TT'SE lWBu$0  ‘006-0C ‘00L=0F ‘wrlg ‘ww 9 x wu 0g7) ' TISYAdAH SAE OWYL /SW-DTdH

“(A/A %) ourwelAyIoLn (A/A) %,GT () SUIUTRIUOD Ionq
geydsoyd Nw(p ‘89 Hd & pue (A/A 04G7) S[LIIIUOIOIL JO QINIXIWL

(wu aseyd IO “9[LNIU0IAE 9,7 pue §'9 Hd e surwrejAyioLn
(XAIN-Sop- pue 00€ "y ‘wu geT salAjeue poq  sajAjeue yioq sa)Ajeue y3oq Sururejuod 1oyynq dareydsoyd snoanbe 9,6/ Jo pasodwod
[e¥] XA) siuaned jo ss|dwes ewse|d *y) eousdsa.on|4 Joj, qwsdu | Jojy, qwsu g Joy , _qwsu 00 || aseyd apiqow e pue (Wil ¢ [ Ww 94 X 0S| “0) uwnjo) D7dH
(wu (#°0:6°99:5"€€) durmeApan—(0'¢ Hd)
's4993unjoA Ayaesy aulu Ut sajosd g WS ‘W 9/ uonnjos 19jynq dreydsoyd—ayniuoiede jo pasodwoo aseyd afiqow
[zw] onaupjodewleyd jo uonenjeAy 'y) ®2uadsa.on|4 _wdu o> _wsdu z> ,_Twdu 00801 e pue (Wi ¢ “q1 ww 9 x ww oz *'0) uwnjos [Isuowerq D1dH

“urwyu | oyer morg (09:01)
_OCNSHDE —u:.m AW.QIQM—Z mo.ov JJe)ade EECOEEN ur o:_Eﬁ%qu
(4/4) %70 o oxmxywt dseqd S[IGOIN V'S ‘PIOFITIAL ‘SIdJeM
[1¥] (suixejejuaasap) Bunesipul Anjiqels wu 87z AN Jw/Er o] Jw/Br g qw/Bripg-0|  woly (PIIgy X W (ST ‘Wi §) © ) uwn[od p[AIYS AnowwAg AN-D1
‘uone.siuiwupe
[eJ0 JS)je SU933UN|OA S[ewW Ayljesy

ui Apnas snaupjodew.eyd [esiuld Dot 2ayeradwd) 1opdwes oy “urwy/Ju (¢°( Jo orel
‘ewse|d uBwNY Ul XA|\-SSP- pue selk[eue Yloq selk[eue yloq mop e Je aseyd o[iqowr oy se (A/A nmﬁmwv [oueyjowW pue d)eId0L SW
[ov] XA SUILLISISP SNO3UEINWIG SIW 40 wi/Bu 00T 0 WN 40} Tw/3u 00Z-007'0 WnIuowwe /oW (] [ia uwmjos *'5 Hag AL OTdN Amboy  /SIW-D7dN
dsou XAW U/ '] d3e1 ML “(A/A “0L:0€) (A 01 X ¥T°9)
ewse|d uBwWINY Ul YAN-SIP- pue -sap- pue XA 10} saldjeue  1opnq oreydsoyd—oyinruojeoe oseyd o[IqoA “(ezis oponted wr ¢
[6€] XA jo uoneuiLIBISp snosUBINWIS Wwuezz AN 1W/Bu 00l PUe 0§ WN Y309 40} |w/Br 4—7'0 WW OS[ X 9°p) (S191eA) Uum[oo [eonk[eue 89 ¢§ QqIostayds  D1dH-dY
UI/Jur ¢8:() Joieyer
‘aunexo.ed ‘weadoed ‘sunaxon|y -mop & (M ‘oseyd o[1qoul sk (A/A ‘G9:G€) SLNIU0JOoR—(]/[OUI
ewse|d uewny ul XA Jo 8ulusauds 0€ :9)L120. WNIUOWWE ‘049°() PIOE JIULIOY) JojeM Sulsn ‘Uwnjod 1S3/SIN
[ge]  pue uoneuizIBp snosuBINWIS SW lw/Bu |0 SW |w/3u 0°0001-0°S (Kuewon ‘wil ¢ ‘ww 9 X ww 0g7) 'O [PFeN-KO1OYRIN  ~D7TdH
spinj} (41S) [eunssul pue uruy/ W | JO 9Jel MO B J& A[[eo1jBId0SI paIdAIop (69 Hd) Joynq
(495) 2113sES paje|nwis Ul 0.13IA ojeydsoyd wnissejod W (g Ul S[LIIUOIOL %0€ 3O Sunsisuod
[€]  u XA o Anqess [eunsajuio.ses wu 877 AN WN WN lw/Bri §°01 ©2 §0'1  aseyd S[Iqow pue (W 9 X Wt (G [) UWN[od ™' snudsy wri ¢ J1dH
dsau
-ewse|d uewny (wu gpg ““y/wu XAW-S2P-O
ul XAIW-S9p-O pue XA ewseld 977 °y) 21030919p PUEB XA 0} W sa)Ajeue (3oq (A/A ‘05:05) 89 Hd “aynq a3eydsoyd w o4 pue S|LI3IUOIROE
[9€] JO JUSWAUNSESW SNoBUE)NWIS 9duadsa.on|4 WN /3u g pue | J0} |w/3u 000Z-0 Jo 3unsisuod aseyd sjiqow yum (3/D) uwnjod papuog-jling 1dH
“UTW/[W ¢°() JO 9JeI MO B YJIM PIIOAI[OP SeM
‘ewse|d uewny ul XAW “dsad )XAW-SOp  (A/A ‘6zi6L) (JNW 6 ‘g ¢ Hd) 91epooe wniuowwe pue A[LNIU0Jor
XAIW-SOP-O PUE (XA) SUIXBje|UdA -Sap-O pue XA 10} pue XA o} jw/3u Jo Sunsisuoo aseyd ofiqowr y "uoneIodiod U019 OWLIAY ], SIW
[se] Jo uonesynuenb snosuelNLIS SW  ‘lw/Bu Q9 pue Qe WN 0099 PueQ0E-0'€  wo paseyoind (ww ("¢ X ww 00 ‘wii ¢) uwnjoo “Hiseeg  ~SW-D1
Uil 7 JO awn p[oy [eul & [Im UIl/7j,(0f JO el BIe 7,00¢ 03
9sBaIOUl UB Aq PIMO][O] ‘UIW | I0F P[OY SeM D,00 ] JO danjerodud)
U9AO [enIu] ‘A[oAndadsar €),00¢ pue 087 e oul] 1oJsue) oy}
poojq ajoym pue 310d UoNOAUT "W/ TUI ('] JO )l MO ‘SeS IOLLILD Sk
Ul (XAIW-S3P pue Suixe|fe|uaA wniey (VSN “II ‘stout(y) sarsojouyday, ueidy £q parjddns
Buipnjpul s8nJp juessaudap-nue sa)Ajeue  sajAjeue Yloq sa1A[eue roq (ssowyoryy wjy wr gz'( P W G7°( X W ()¢ “QUOII[IS[AYIouL
[v€]l 11 jo uoheulLISIEP SNOBUEY LIS SW  40quopTBrioo's  4031/Brig|  1031/310001-00'S -1Auayd o) uunjoo Arejjides SING-dH PAUI-$501)  SW/OD
9y uonesiddy 41033933 o1 aol a8ue. Jeaun uwnjo)/aseyd IGO0  POYIDW

"Ju0) :7 3|qeL

47

Systematic Reviews in Pharmacy | January-December 2012 | Vol 3 | Issue 1



Shrivastava: Determination of venlaflaxine and metabolites

apouosle doip Ainosew BuibueH,

sa)AJeue
XAW-S9P-(O 2M|oqeIsW  Y30q Joj |w sa)AJeue sa)AJeue 3oq “(A/A “06:G:G) 9|13IUOIDOB/IDTBM Aydea3orewoiyd0.32399
[09] pue XA jo uonededss eaiy>  /8rf 500 yroq |w/Bnzoo 40} |w/3n 01-50°0 /9 Hd Jayynq a3e3928 WnjUoWWE |yw Q| Jo pasodwod aseyd ajiqoly Auejjides payppey
‘WU €7 3B UOII339p‘uoida(ul D1WeUAPOIPAY pue D 67 aJmesadwa)
(wnuss Aueided ‘9e3908 WNIUOWWE [\|W G| UM 3|L1JIUOISdE-|oURYIDW £:/ JO
uewny) sajdwes [ediSojolq 3unsisuod wajsAs uonnjos 314043232 snoanbe-uou e Suisn ‘Auejjides wrf sisauoydoaldse
[65] Ul S[9A9| 21x03 Jo Aesse  |w/Br €T jw/Br /0 Jw/Brl 9501 —£I'€ 05 X (ya8ua| 9A19YS) WD 9G B UO pPaUIRIqOo SeM uoidIRp wnwndo Auejjide> snosnbe-uoN
XAW-S9P-O N1 0T
PUE XA JO UOIBUILLISISP so4jeue sa1A[eue yloq pueD 67 ‘G’z Hd 3e 385 Yaynqg s1eydsoyd-si| LW QG B Ul ULIXSPORAD-A
[8s] [e41Yy> snoaueynwis - y1oq Joj |w/Bu gz Joj w/3u 00S—ST paieydsoyd jo jw:3w Qg :249m suonipuod [ewndo sy (uone.edss [eliyD) sisauoydo.aydsje Asejjided
‘A 00| jo 28e1j0A 31xa Auejjided & Buisn A 0QQF IE 39S 28e3|0A AuejjideD)
sojdwes ewse|d 's/ueds | 38 000 | ©3 0§ Z/W Wo.y pauueds Jo3awo.ndads ay | (A/A/A Anpwoudads ssew
ul syuessaudapnue g Jo ‘G'0:1:00|) |OUBYIDW SE ||2M SE UDJBM PUE ‘D[II}IUOISDE Ul PID. D1IAE || 1314 Jo swn-sisasoydoids|e
[£s] uoneuIWISISP snosueynwis {w/3rn 100°0 jw/3r s000°0 Jw/Br §°0-100°0 | PUE 3Je39DE WNIUOWIWE |W ()9 JO SINIXIW :33A|0.4309[8 punodyoeg Auejide> snoanbe-uop
XAW-sop pue
so|dwes XA 1% Ws-01 .,
winJss poojq pue suLin XAW-S9p PUB XA 89°€—-0I, €€'S 4AQ 40} (W 1°0) 434nq a3e3928 U1 (G Hd pue JA 40} (|4
‘SUOIIB|NWLIOY Ul X AN-SOP 10} We-01, 11T pue s 01, 50°0) 494nq uosuigoy—uoniig ui 9°Z Hd 3e apoaidse siyy Suikojdwa (39 Dl39WWel|oA asjnd
[95] PUE XA JO UOIBUILLISIR - pue, 0|, +7| 1T9—5-01, 18°€ -IND-4VN) 2po.109j3 uoqg.ed Asse[3 paljipow-agnijoueu uoqJed-uoleN  [enuaJapyip Suiddiis sandiospy
9p0.312393 AJel|IXNE uoq.ed Asse|3
B PUe 9po.1d3a aduaJajal (‘1es) |DY):8y:[D3Y "anbiuyss) deams [enusiod
JuaJaip Buisn suonnjos snoanbe paJayng jo (0°0|—6"|) 28ued Hd apim
[ss] suoie|nw.Io - JwBw $71°0 |/Bw ¢’ | pue §7°0 B J9A0 9P0.1123)9 4, JIAH B IB P2IPNIS SEM UONEBPIXO [BDIWSY0.1309|] AJ1aWiWwe)|oA 9AeM daenbg
JEN uonediddy 001 aoil a8ueu Jeaur aididuLg PoYyIv|W
spoyjyawi [ea3d[eueo.3d3)9 jo Arewwing :§ ajqeL
K19A109dsa1 ‘) ,00€ PUL D,0€T I8 19S 1M
1039939p a3 pue 310d 10300[ur oY) Jo sarnjerodwd) Ay, U/, 0f
JO eI ® B D,8 (08T O} paAaIyde arnjeradwo) oy ‘A[jeuy ‘urw g
10§ P[oy sem arnjeraduo) Ay AIdYM ‘UIW/ )G JO ABI B I8 D,0ST «adN
0} PaseaIoUI USY} PUB UIW | 10 D,0S] I8 P[oY Sem aimjeradwd)  -Do) pue
[£#]  se|dwes [edi8ojoiq WalIoW-1s04 SW lw/Bu | Jw/Bu g |w/3r ot -10°0 UDAO Y, "UWN[0d (Wil ¢7°( ‘W 7€) X W O¢) S-OF Y9NV JWdS-SH
9y uonesiddy 41033933 o1 aol a8ue. Jeaun uwnjo)/aseyd SIGOIN  POYIBW

"Ju0) :7 3|qeL

Systematic Reviews in Pharmacy | January-December 2012 | Vol 3 | Issue 1

48



Shrivastava: Determination of venlaflaxine and metabolites

sensitivity for the determination of these drugs is questionable.
Since VX shows maximum absorption at = 225 nm, this cannot be
said to be enriched in chromophore, and thus, its attachment in
molecule is another field of research. Sensitivity can be increased
in HPLC-UV methods by pre- or post-column derivatization. HPTLC,
non-aqueous titration, or acid dye method can further increase the
spectrum of analytical methods available. Reactions of stereoisomers
may also vary, and this can also form basis for the detection and
separation of isomers. Thus, in this way, different analytical methods
for the determination of venlaflaxine and its metabolites in various
matrices are discussed here.
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