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The method of milnacipran isolation with chloroform from the dehydrated biological material with subsequent extrac-
tion purification in the n-hexane-acetonitrile solvent system has been developed. The method developed has allowed to
isolate 47+5% of the antidepressant. The TLC-screening method of a number of antidepressants has been developed using
four mobile phases with a low correlation and the sequential scheme of visualization by a set of chromogenic reagents.
It has allowed to separate milnacipran, venlafaxine, amitriptyline, fluoxetine and sertraline. As differentiating reagents
the Liebermann’s reagent and the Mandelin’s reagent in modification consisting in sequential treatment of the sample by
the Mandelin’s reagent and formaldehyde vapours have been suggested. The methods of identification and quantitative
determination of milnacipran in the biological material after the TLC purification using HPLC with multiwave UV-spectro-
photometric detection have been developed. The calibration curve of the dependence of the peak area on the concentration
was described by the following equation: Y=5.14-10°X; linearity was within the concentration range of 24.2-500 pg/ml;
LOD and LOQ were 8.0 and 24.2 pg/ml (at 262 nm), respectively. The results obtained can be used in forensic toxicology

for diagnosing milnacipran poisonings.

ilnacipran - (1R,2S)-rel-

2-(Aminomethyl)-N,N-
diethyl-1-phenylcyclopropane-
carboxamide is a novel third-ge-
neration thymoleptic. Its pharma-
cological effect is due to the dual
action, it is a selective serotonin
and norepinephrine reuptake in-
hibitor (SNRI). Milnacipran is used
for the treatment of moderate and
severe endogenous depression [3].
Fatal intoxications associated with
milnacipran overdoses and co-ad-
ministration of fluoxetine and ser-
traline in therapeutic doses [8],
as well as ethanol [10] have been
reported, in these cases periphe-
ral blood concentrations of milna-
cipranare 21.5 mg/land 3.15 pg/ml,
respectively.

Bioanalytical methods for ana-
lysis of milnacipran in the blood
and plasma using high pressure
liquid chromatography with UV
spectrophotometric [7], diode array
[12] and MS- [5] detection have
been developed. Methods of ana-
lysing the biological material for
the presence of milnacipran have
not been developed. The general
isolation methods appeared to be
ineffective for a number of anti-
depressants, in particular for ami-

triptyline, fluoxetine and sertra-
line [1, 2], due to the lipophilic pro-
perties of these substances [6].
In this regard, the practical inte-
rest is the study of the efficiency of
milnacipran isolation (Vd=5.51/kg
[6]) from the biological material
with chloroform as a lipophilic sol-
vent with subsequent extraction
purification in the n-hexane-ace-
tonitrile solvent system [4]. There-
fore, the aim of this study was to
determine the optimal conditions
for milnacipran isolation from the
biological material, develop the TLC-
screening scheme for the group
of antidepressants, which can be
co-administrated with milnaci-
pran, as well as the methods of
identification and quantitative de-
termination for milnacipran in the
biological material by HPLC with
multiwave UV-spectrophotomet-
ric detection.

Materials and Methods

The method of milnacipran iso-
lation with chloroform with sub-
sequent extraction purification in
the n-hexane-acetonitrile solvent
system. Add 1 ml of the aqueous
solution containing 574 mg of mil-
nacipran hydrochloride (corres-
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ponding to 500 mg of the milna-
cipran base) to the powdered bio-
logical sample (5 g of the liver tis-
sue) and allow to stand for 24 h.
Simultaneously perform the blank
experiment.

[solation of milnacipran from
the liver with chloroform was car-
ried by the method given in the
work [7].

The method of Thin Layer Chro-
matography. Two types of chroma-
tographic plates - Merk (Silica
gel 60 F254, 10x20 cm in size)
and Sorbfil (PTLC-P-A) (10x10 cm
in size) were used for thin-layer
chromatographic studies.

Evaporate 10-30 ml aliquots
of the final chloroform extract ob-
tained from the tissue spiked with
milnacipran and extracts from the
blank tissue (drug-free) to the mi-
nimum volume (~ 0.05 ml) and
spotas a band onto the start line.
Next to it spot 10 ml of the stan-
dard solution of milnacipran in me-
thanol (1 mg/ml). At first develop
the chromatograms in chloroform
to separate the drug from endoge-
nous impurities, then use four mo-
bile phases (listed below).

Thin-layer chromatographic stu-
dies were performed as described
in the work [1, 2, 4]. The antide-
pressant was detected on the plate
with the chromogenic reagents pre-
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Table 1
The results of antidepressant visualization in TLC-screening
Reagent (colour and sensitivity, ug per a sample)
Antidepressant | pragendorff's acidified Liebermann’s Mandelin’s el
reagent by Munier| iodoplatinate reagent reagent reagent -
formaldehyde
Milnacipran | orange (5.0) blue (1.0) %/selcljc))w —> orange - -
Venlafaxine orange (3.0) blue-violet (2.0) brown — cherry zolr\),\lllr;e_;Chferg light
ge . ) —red (5.0) 4.0) 9 blue (5.0)
e i yellowish-
Amitriptyline |orange (2.0) blue-violet (0.2) brown (3.0) brown (0.5) brown (0.5)
Fluoxetine orange (1.0) blue-violet (0.5) gr%\)/vn blue (3.0) green (3.0)
violet — brown
Sertraline orange (1.0) violet (1.0) — discoloration - -
(2.0)
Table 2
Chromogenic reagents for the final stage of the antidepressant visualization in TLC-screening
Antidepressant Reagent (colour and sensitivity, ug per a sample)
. . . S mercury sulphate saturated .
Milnacipran ninhydrin (pink-violet, 4.0) solution (blue, 6.0) Van Urk’s (yellow, 3.0)
Venlafaxine Froehde (greenish — violet (on the edge), 8.0)
Amitriptyline concentrated sulphuric acid (orange, 0.2) Froehde (brick-red — green, 5.0)
Fluoxetine ninhydrin (orange, 5.0) Froehde (blue, 4.0)
. potassium permanganate solution ) Froehde
Sertraline (blue-violet, 5.0) Van Urk’s (yeflow, 5.0) (brownish-green, 5.0)

sented in Tables 1, 2. Elute milna-
cipran from the chromatogram band
untreated by the location reagents
with methanol. Evaporate the elu-
ate, and reconstitute the residue
1 ml of methanol.

The method of HPLC. The HPLC
study was performed using a “MiLi-
Chrome A-02” microcolumn high
pressure liquid chromatograph with
a multiwave UV-spectrophomet-
ric detector by the method pre-
sented in the work [4]. The injec-
ted volume was 10 pl. Quantita-
tive determination of milnacipran
in eluates from chromatograms
was carried out at the wavelength
of 262 nm.

Results and Discussion

According to the epidemiolo-
gical studies [9] the most poiso-
nings with novel antidepressants
are combined. The scheme of mil-

nacipran detection by thin layer
chromatography screening me-
thod in the presence of a number
of antidepressants from different
groups such as venlafaxine (SNRI),
amitriptyline (TCA), sertraline and
fluoxetine (SSRI) has been deve-
loped.

The simultaneous use of four
mobile phases (MP) with a high
distributive power in relation to
drugs under study and the lowest
correlation between them was pro-
posed. They are ethyl acetate -
methanol - 25% ammonium hyd-
roxide solution (85:10:5) (MP 1),
methanol - 25% ammonium hyd-
roxide solution (100:1.5) (MP 2),
cyclohexane - toluene - diethyl-
amine (75:15:10) (MP 3), and to-
luene - acetone - ethanol - 25%
ammonium hydroxide solution
(45:45:7.5:2.5) (MP 4). The Rf va-
lues of antidepressants in the mo-

bile phases selected on two types
of the chromatographic plates (Merk
and Sorbfil) are shown in Table 3.
The Dragendorff’s reagent modi-
fied by Munier and acidified iodo-
platinate solution were the most
sensitive common reagents for de-
tection of the substances studied.
As differentiating reagents the Lie-
bermann’s reagent and the Man-
delin’s reagent in modification con-
sisting in sequential treatment of
the sample by the Mandelin’s re-
agent and formaldehyde vapours
were suggested (Table 1). Using
a particular set of additional chro-
mogenic reagents (Table 2) it was
proposed to use four reagents, and
it was sufficient for reliable iden-
tification of toxic substances ac-
cording to the TIAFT recommen-
dations [7] for the final stage of
visualization. The degree of milna-
cipran elution with methanol from
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Table 3
The Rf values of antidepressants in TLC-screening systems
Mobile phase (N,)
Antidepressant 1 3 4
Merk Sorbfil Merk Sorbfil Merk Sorbfil Merk Sorbfil

Milnacipran 0.31 0.53 0.28 0.37 0.05 0.09 0.42 0.47
Venlafaxine 0.84 0.90 0.65 0.66 0.57 0.70 0.71 0.92
Amitriptyline 0.91 0.92 0.51 0.61 0.88 0.85 0.67 0.92
Fluoxetine 0.90 0.95 0.78 0.72 0.30 0.28 0.40 0.92
Sertraline 0.54 0.90 0.67 0.68 0.64 0.88 0.75 0.71

Table 4

The results of HPLC determination of milnacipran isolated from the liver with chloroform
followed by purification in the n-hexane-acetonitrile system

Amount of Amount of Metrological characteristics
milnacipran added to milnacipran AX
5 g of the liver, pug extracted (X, %) S Sr (P=0.95%, v=4) €, %
500 47 3.8 1.7 5 10

the chromatographic plates was
97.8+1.0%.

Identification of milnacipran
in the eluates by HPLC was car-
ried out by the retention time and
the absorbance ratios (R=S,/S,,,),
they were 17.00£0.06 min (n=5,
RSD=0.15%, €=0.37%) and 0.811+
+0.007; 0.291+0.004; 0.030£0.002;
0.012+0.002; 0.014+0.002; 0.0021+
+0.0002; 0.0014+0.0003, respec-
tively. Quantitative determination
was performed using the calibra-
tion curve of the dependence of
the peak area on the concentra-
tion at the wavelength of 262 nm.
After verifying the significance of
the intercept in the linear regres-
sion equation it was concluded
about the possibility of transition
to the equation in the form of:
Y=5.14-10°X (Table 4). The me-
thod showed linearity in the range
of 24.2-500 mg/mL. The LOD and

ik L=

LOQ values were calculated based
on the parameters of the calibra-
tion curve; they were 8.0 pg/ml
and 24.2 ug/ml, respectively. Accu-
racy and precision of the method
developed were 101.8 % (RSD=
=1.4%) at the low concentration
level, 100.8% and 100.5% (RSD=
=1.0%) at the middle and high con-
centration levels, respectively. There-
fore, they satisfy the requirements
for the methods used in forensic
toxicology [11].

The method of milnacipran iso-
lation with chloroform was quite
efficient and allowed isolating
47+5% of the antidepressant stu-
died (Table 4). The results obtai-
ned can be used in forensic toxi-
cology for diagnosing milnacipran
poisonings.

CONCLUSIONS

1. The method of milnacipran
isolation with chloroform from the
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AHAJIITUYHA JIATHOCTUKA OTPYEHb MIVTHALLUITIPAHOM
C.B.Baiwpka, C.A.KapnywuHa, B.IL.Mopo3
HayioHnaavHull ghapmayeemuyHuii yHigepcumem

Karouosi ca108a: XimMiKO-mOKCUK0/1021YHUT aHA13; MIIHAYUNPAH; 1301108aHHS 3 6i0102iuH020 Mamepiaay; TIIX-ckpuHiHe;
gucokoegpekmugHa piduHHa xpomamozpagis

Po3po6sieHo MemoduKy i304108aHHS MIAHAYUNPAHY X/10POPHOPMOM i3 3HEB0OHEH020 6io/1021YH020 MamepiaJy 3 Hacmyn-
HOI eKCmpaKyitiHow 04UCMKO0 3a 0NOMO2010 CUCMeMU PO3HUHHUKI8 H-2eKCaH — ayemoHimpuJ, sika 0o3804uaa euoi-
aumu 47+5% anmudenpecanma. Pospo6aeno memoduky TIIX-ckpuHinay psady anmudenpecaHmie 3 BUKOPUCMAHHAM Y0-
Mupbox pyxoMux ¢has 3 HU3bKOI0 Kopeasiyiero ma nocaido8HOK cxeMolo 8izyanizayii 3a donomozoto Ha6opy XpOMO2eHHUX
peaxkmusie, sika 003801514 po30LAUMU MiAHAYUNPAH, 8eHAAPAKCUH, aMimpunmuiin, h1yokcemuH ma cepmpani. Ak dugepenyi-
10104l peazeHmu HAMU 3aNPONOHOBAHO BUKOpUCMAHHS peakmugy Jlibepmana ma peakmugy Mandeaina y modugpikauii,
sIKa noJisieana y nocaidosHitl 06po6yi npobu peakmugom MaHdesaina ma naporo gpopmanvdezidy. Po3apob.aeHi memoduku
idenmudgpikayii ma KibKicHO20 8USHAYEHHS MIAHAYUNPAHY 8 6ios02TyHOMY Mamepiasi nicasa TILIX-ouucmku memodom
BEPX 3 mynemuxsuavogum Y®P-cnekmpogomomempuyHum demekmysaHHsaM. KanibpysanvHutl epaix 3asexcHocmi nao-
wi niky 8id koHyeHmpayii onucysascs pigHsiHusaMm: Y=5,14-10"°X; dianazoH ainitinocmi - 24,2-500 mxe/ma; LOD ma LOQ
cmanosuu, 8ionogidHo, 8,0 ma 24,2 mke/ma (npu 262 Hm). Ompumai peaysemamu Moxyms 6ymu UKOPUCMAHI 8
cydosill mokcukoso2ii daa aHaaimu4Hoi diaeHocCmuKu ompyeHsb MiAHAYUNPAHOM.

AHAJIMTUYECKAS IMATHOCTHUKA OTPABJEHUA MUJIHALJUTIPAHOM
C.B.bawpka, C.A.KapnywuHna, B.IL.Mopo3
HayuoHaavHb1il hapmayesemuueckuii yHueepcumem

Karouesbie c108a: XUMUKO-MOKCUKO102UMeCKULl AHAIU3; MUAHAYUNPAH; U30AUPOBAHUE U3 6U0/102U1ECKO20 Mamepuald;
TCX-ckpuHuHe; 8bIcOK0IppexkmuaHas jcudkocmuasi xpomamozpagusi

Paspabomara memooduka u304upo8aHus MUIHAYUNPAHA XA0POHOPMOM U3 06e380X4CEHHO20 6UOA02UHECKO20 Mamepuand
c nocsedyroujetl IKCMpakyuoHHOU 04UCMKOL C NOMOUbIO CUCMeMbl pacmeopume.eli H-2eKcaH-ayemoHumpu, komopas
nosso.una evideaums 47+5% anmudenpeccanma. Paspabomana memoduka TCX-ckpuHuHea psida aHmuodenpeccaHmos ¢
UCNO0/1b308aHUEM Yemblpex HU3KOKOPPeAUPYHUWUX NOOBUNCHBIX a3 U N0C.1e008aMeAbHOU CXeMbl 8U3YaAU3AYUU C NOMO-
Wbl0 HA6OPA XPOMO2EHHbIX PEAKMuU808, Komopasl N03601U1a pa3deaums MUAHAYUNPAH, BeHAAPAKCUH, AMUMPUNMUAUH,
@yokcemuH u cepmpanuH. B kauecmese duepeHyupyrowux peazeHmos Hamu Npeos10#eHo UCNO0.16308aHUE peakmued
JlubepmaHa u peakmusa MaHdeauHa 8 Modugukayuu, Komopas 3aKA104a1ack 8 noc1edosamebHOU 06pabomke npobwl
peakmugom MaHdesuHa u napamu popmaabdezuda. Pazpabomansl Memoouku udeHmug@ukayuu U KOAUYECME8EHHO20
onpedesieHUs1 MUAHAYUNPAHA 8 6uo102udeckom mamepuase nocae TCX-ouucmku memodom BIXKX ¢ myabmusoHosbIM
Y®-cnekmpogomomempuueckum demekmuposaruem. Kaaubposounwlil epaguk 3agucumocmu naowadu nukda om KoH-
yeHmpayuu onucwleascs ypasieruem Y=5,14-10°X; duanason auneiinocmu - 24,2-500 mxz/ma; LOD u LOQ cocmaeasiiu,
coomeemcmeeHHo, 8,0 u 24,2 mke/ma (npu 262 Hm). [lonyyeHHble pe3y1bmamal Mo2ym 6blmb UCNO.16308aHbL 8 CYOe6HOU
MOKCUKO0/102UU 0151 aHa1umu4eckol duazHocmuKu ompag/aeHuti MUAHaAYunpaHoM.
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