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ABSTRACT

Background. Determining changes in the content of monoamine neurotransmitters
and their metabolites in brain structures is a necessary part of studying the pharma-
codynamics of antiparkinsonian drugs. A method for the joint determination of norepi-
nephrine, adrenaline, dopamine, serotonin, 5-hydroxyindole-3-acetic acid, 3,4-dihy-
droxyphenylacetic acid, homovanillic acid, vanillylmandelic acid in rat brain tissue has
not previously been developed.

The aim of the study. Development and validation of a method for quantitative
determination of noradrenaline, adrenaline, dopamine, serotonin, 5-hydroxyin-
dole-3-acetic acid, 3,4-dihydroxyphenylacetic acid, homovanillic acid, and vanillyl-
mindalic acid in rat brain tissue by high-performance liquid chromatography coupled
with tandem mass spectrometry (HPLC-MS/MS).

Materials and methods. A method for determining monoamine mediators and their
metabolites was developed using the HPLC-MS/MS method. Brain tissue homogenates
were prepared using a mechanical hand-operated homogenizer. The effect of various
antioxidants on the stability of norepinephrine, adrenaline, dopamine and 3,4-dihy-
droxyphenylacetic acid in the test samples was studied.

Results. Chromatographic separation of sample components was carried out using
two Synergi Max RP (20 x 2.0 mm, 2.5 um) and Synergi Fusion RP 804 (250 x 4.6 mm,
4 um) chromatographic columns. Elution was carried out in a gradient mode using
amobile phase based on methanol and a 0.1 % solution of formic acid in water. To pre-
pare homogenate batches, the samples were diluted with a solution of internal stan-
dards in methanol. A 5 % aqueous solution of ascorbic acid was chosen as an antioxi-
dant stabilizer.

Conclusion. The developed methodology has been fully validated and meets the re-
quirements of Russian and international guidelines. The chosen stabilization method
allows samples of brain homogenates to be stored for 30 days after collection.

Key words: HPLC-MS/MS, monoamine neurotransmitters, brain tissue, sample
stabilization
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PE3IOME

O6ocHoeaHue. OnpedesieHue U3MeHeHUs CO0epXaHus MOHOAMUHOBbIX Helipome-
duamopos u ux Memabosumos 8 CMpPyKMypax 20/108H020 M032d A8/1AemcsA Heob-
XooumoUli 4acmelo U3y4eHUA (GAapMAKoOOUHAMUKU NpoOMUBONApKUHCOHUYECKU Jie-
KapcmeeHHbIx cpedcmas. Memoouka coeMecmHo20 onpedesieHUs HOpAopeHAuHd,
aopeHanuHd, 0ONAMUHA, CEPOMOHUHA, 5-2UOPOKCUUHOO-3-YKCYCHOU KUC/Iombl,
3,4-0u2udpoKcugeHunyKcycHol KUC/Iomebl, 20MOBAHUIUHOBOU KUC/I0MbI, 8GHUIUST-
MUHOAbHOU KUCI0MbI 8 MKAHAX M032a KpbIC paHee He 6biaia pa3pabomaa.

Lene uccnedoesaHusa. Pazpabomka u eanudayus memoOUKU KOU4YeCmeeHHO20
onpedesnieHUs HOPAOpPeHAsIuUHa, a0peHaauHa, 0onamMuHd, CepomoHUHA, 5-2Udpok-
CUUHOO-3-yKcycHoU Kuciomsl, 3,4-0u2uOpPOKCUGeHUTYKCYCHOU KUCI0Mbl, 20MO-
8AHUIUHOBOU KUCI0MbI, 8AHUTUIMUHOAIBHOU KUC/IOMbI 8 MKAHAX MO32d KpbIC
C NOMOWbIO 8bICOKOI(hheKMUBHOU XUOKOCMHOU XpoMamozpd@uu 8 co4emaHuu
€ maHoemHoU macc-cnekmpomempueli (BIXX-MC/MC).

Memoow1. Memooduka onpedesieHUs MOHOAMUHOBbIX Meduamopos U ux Memabosumos
paspabomara c npumeHeHuem memooa BIXKX-MC/MC. TomoeeHamsl mkaHel Mo32a 20-
MoBUIUCL C NOMOWbIO MEXAHUYECKo20 pyYHO20 20MO2eHU3amopa. V3yyeHo enusHue
DPA3/IUYHbIX AHMUOKCUOAHMO8 HAa cmabusibHOCMb HOPAOPeHAIuUHd, dOpeHAIuHd, 00-
NAamuHa u 3,4-0ueudpoKcueHUTyKCyCHOU KUC/IOMbI 8 UCNbIMYyeMbIX 00pa3yax.
Pesynemamel. Xpomamoezpaguyeckoe pazdesieHue KOMNOHEHMo8 npobbl oCy-
wecmesianoce ¢ NOMowblo 08yx Xpomamozpaguyeckux Ko/loHoK Synergi Max RP
(20 x 2,0 MM, 2,5 Mkm) u Synergi Fusion RP 80A (250 x 4,6 mm, 4 MKkMm). SmouposaHue
npoeoousIu 8 2pddUeHMHOM peXxume C npuMeHeHUeM nNoo8UXHOU hda3sl Ha 0OCHoge
memaHona u 0,1%-20 pacmeopa MypasbuHol Kuciomel 8 8ooe. [jia no020mosku
npob 20Mo2eHamos Ucno1b308a10Chb pazeedeHue 06payo8 pacmeopoM 8HYMpeH-
HUX cmaHOdapmos 8 Memadorse. B kauecmee cmabunusamopa-aHmuokcuoaHma 6wl
8b16paH 5%-U 800HbIU pacmeop ackopbuHo8oU KUucsiomel.

3aknioyenue. PazpabomaHHas mMemoouKka Npowiia NOJIHyo 8aaudayuto u coom-
gemcmayem mpebo8aHUAM pOCCUlCKUX U MeXO0yHapoOHbIX pykogoocms. BblbpaH-
HbIl cnocob cmabusuzayuu no3eosigem XpaHume 0b6padsybl 20M02eHamos mMo3s2d
8 meyeHue 30 OHeli nocsie ombopa.

Knioyeavle cnoea: BIXX-MC/MC, moHoamuHosble Helipomeduamopesl, MKaHu
Mo32ad, cmabunuzayus obpaszyos

Ana uyntnposaHua: Xoxnos AJl., Anukos UN.U., Kopcakos M.K., KarpamaHaH W.H., Bonb-
xvH H.H., MeTyxos C.C,, 3aikoBa B.E. PazpaboTka 1 Banngaumnsa METOANKN KONIMYECTBEHHOTO
onpeaeneHns MOHOAMMHOBBIX HEMPOMeAMaTOPOB 1 KX METaboSIMTOB B TKaHAX MO3ra KpbIC
¢ nomouibto BXKX-MC/MC. Acta biomedica scientifica. 2024; 9(1): 177-191. doi: 10.29413/
ABS.2024-9.1.18
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INTRODUCTION

Parkinson’s disease is a neurodegenerative disease
in which thereis a decrease in the number of dopaminergic
neurons in the substantia nigra, which causes a decrease
in the concentration of dopamine (Dop) in the striatum.
This causes the classic motor symptoms: rigidity, posture
disturbances, akinesia, tremor, and bradykinesia. Most
of the existing models of this disease involve the use of rats
as experimental animals [1]. When studying the pharma-
codynamics of new antiparkinsonian medicinal products
(MPs), quantification of dopamine and its major metab-
olites, 3,4-dihydroxyphenylacetic acid (DOPAC, 3,4-dihy-
droxyphenylacetic acid) and homovanillic acid (3-me-
thoxy-4-hydroxyphenylacetic acid; HVA, homovanillic acid)
in the striatum is required. One of the promising groups
of MPs used in the treatment of Parkinson'’s disease are
inhibitors of the enzyme MAO-B, which selectively cataly-
ses the oxidation of dopamine. In order to study the effect
of these MPs on MAO-A activity, it is necessary to measure
the concentration of noradrenaline (NA, noradrenaline),
serotonin (5HT, 5-hydroxytryptamine) and its metabolite
(5-hydroxyindole-3-yl)-acetic acid (5HIAA, 5-hydroxyin-
doleacetic acid) [1, 2]. To control the correctness of brain
and striatum sampling and the absence of contamination
by blood and other tissue particles, it is necessary to mon-
itor the content of adrenaline (Adr) and vanillylmindelic
acid  (2-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-acetic
acid; VMA, vanillylmandelic acid), which should not nor-
mally be detected in these samples [3-7].

High-performance liquid chromatography with spec-
trophotometric (HPLC-UV) [8], electrochemical (HPLC-
EM) [9-12] and tandem mass spectrometric detector
(HPLC-MS) [2, 5-7, 13-20] was used for quantitative de-
termination of the above analytes in biological objects.
However, the methodology for co-analysing all eight
substances studied together in brain structures has not
been previously published. The process of developing
this technique is complicated by the fact that noradren-
aline, adrenaline, dopamine and DOPAC contain a pyro-
catechin fragment in their structure, which contributes
to their rapid oxidation in samples as a result of interaction
with endogenous substances and air oxygen [4,21].The ad-
dition of antioxidant solutions to the samples is required
to prevent degradation of these compounds. The neces-
sity of using a stabiliser is indicated only in the studies
of J. Lu et al. [2], J. Thomas et al. [8], G. Cannazza et al. [12],
C.Jietal.[15], A. Kovac et al. [17]. Consequently, the choice
of optimal conditions for stabilisation and storage of se-
lected rat brain tissues is also relevant to ensure the reli-
ability of the results of preclinical studies.

THE AIM OF THE STUDY

Development and validation of a method
for the combined quantitative determination of nor-
adrenaline, adrenaline, dopamine, serotonin, 5-hydroxy-
indole-3-acetic acid, 3,4-dihydroxyphenylacetic acid,

homovanillic acid, and vanillylmindalic acid in rat brain
tissue.

MATERIALS AND METHODS

Study design

The first stage of the study involved the selection
of optimal conditions for homogenate sample prepa-
ration as well as parameters for chromatographic-mass
spectrometric determination. The selection of an antiox-
idant stabiliser was then performed to prevent degrada-
tion of noradrenaline, adrenaline, dopamine and DOPAC.
The matrix effects of the methodology were further
evaluated. Based on the results obtained, correction
of the volumetric ratio of solvent to tissue in the prepa-
ration of homogenates was performed. In the next step,
a full validation of the bioanalytical methodology was
performed. It was then tested by analysing striatum
samples from six intact Wistar male line rats weighing
362 + 25 g (mean + standard deviation (SD, standard de-
viation)). The study was approved by the Ethical Commit-
tee of the Yaroslavl State Medical University of the Minis-
try of Health of Russian Federation (Minutes No. 2 dated
March 23, 2023).

Equipment
Method development and validation were performed
on an HPLC-MS/MS system comprising a QTRAP5500
hybrid tandem mass spectrometer (SCIEX, Canada)
and a 1260 Infinity chromatograph (Agilent, USA) (G1312B
pump, G1329B autosampler with G1330B thermostat,
G1316A column thermostat).

Reagents

Methanol (Cat. No. 1060352500; Merck KGaA,
Germany) and formic acid (Cat. No. A117-50; Thermo
Fisher Scientific, USA) of «HPLC-MS-Grade» quality
were used to prepare the mobile phase. Substances
of ascorbic acid (c.p. (chemically pure); cat. No. 160003;
JSC «Lenreaktiv», Russia), sodium sulfite (r.g. (reagent
grade); cat. No. 130231; JSC «Lenreaktiv», Russia), so-
dium thiosulfate pentahydrate (cat. No. SO07270500;
Scharlau, Spain), sodium pyrosulfite (p. (pure); cat.
No. 8.06.00804; JSC «Khimreaktivsnab», USA) were
tested as antioxidants. Secondary standard samples
produced by Sigma Aldrich (USA) were used as stan-
dard samples of the substances to be determined:
noradrenaline (Cat. No. A7257-1G), adrenaline hydro-
chloride (Cat. No. E4642-5G), serotonin (Cat. No. 14927-
25MG), dopamine hydrochloride (Cat. No. H8502-5G),
(5-hydroxyindole-3-yl)-acetic acid (Cat. No. H8876-1G),
3,4-dihydroxyphenylacetic acid (Cat. No. 850217-1G),
homovanilic acid (Cat. No. H1252-1G), vanillylmindal-
ic acid (Cat. No. H0131-1G). The 3,4-dihydroxyben-
zylamine hydrobromide (3,4-DHBA) substance (Cat.
No. 858781-1G) and the pharmacopoeial standard
sample of sotalol (USP; Cat. No. 1617408) were used
to prepare the internal standards (IS) solution (Fig. 1).
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Chromatography-mass spectrometric RP (20 x 2.0 mm, 2.5 um) and Synergi Fusion RP 80A
determination technique (250 X 4.6 mm, 4 um) using 0.1 % aqueous formic acid

The chromatographic separation was performed solution and methanol as mobile phase components
under gradient mode using two columns Synergi Max (Table 1). These reversed-phase columns had additional
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FIG. 1.

Structural formulae of adrenaline (a), noradrenaline (6), dopamine (8), serotonin (2), (5-hydroxyindole-3-yl)-acetic acid (0), 3,4-di-
hydroxyphenylacetic acid (e), homovanillic acid (x), vanillylmindalic acid (3) and internal standards of sotalol (u) and 3,4-dihy-
droxybenzylamine (k)

180
Pharmacology and pharmacy




hydrophilic functional groups required for retention
of polar catecholamines. The thermostat temperature

of the columns was 40 °C.

Detection was performed in MRM (multiple reaction
monitoring) mode (Table 2) using electrospray ionisation

TABLE 1

GRADIENT ELUTION PARAMETERS

Time, min

0.0

2.0

9.0

14.1
14.5
15.0
15.1
19.0
19.2

21.0

Note. Mobile phase: A - 0.1 % aqueous solution of formic acid; B - methanol.

TABLE 2

Flow rate, pl/min

650
650
650
650
1000
1000
1000
1000
650
650

A, %
98
98
20
20
20
20
98
98
98
98

B, %
2
2

80
80
80
80

MASS SPECTROMETRIC DETECTION PARAMETERS

(ESI, electrospray ionization). NA, Adr, Dop, 5HT, 5HIAA,
and 3,4-DHBA were determined in positive polarity;
DOPAC, HVA, and VMA were determined in negative polar-
ity. Sotalol was detected in both polarities: positive for 5SHT
and 5HIAA concentration calculation; negative for DOPAC,
HVA and VMA concentration calculation. This compound
was used because of its structural similarity to catechol-
amines and the closeness of its retention time (10.4 min)
to that of 5HT (10.1 min), 5HIAA (12.4 min), DOPAC
(11.9 min), HVA (12.9 min) and VMA (10.8 min). 3,4-DHBA
was used as an internal standard for the determination
of norepinephrine, adrenaline and dopamine. Its choice
is based on previously published methods for quantifica-
tion of these analytes

Method validation parameters

Full validation of the method was performed in ac-
cordance with the requirements of the guidelines for val-
idation of bioanalytical methods (M10) of the Interna-
tional Council on Harmonisation (ICH) [22], FDA (Food
and Drug Administration) guidelines [23], guidelines
(Volume 1) of the Scientific Centre for Expert Evaluation
of Medicinal Products of the Ministry of Health of Russia
(SCEEMP) [24] and Decision of the Council of the Eur-
asian Economic Commission (EAC) No. 85 (Annex 5)
[25] related to chromatographic methods. Model ho-
mogenate mixtures were prepared from whole brain
and striatum samples of Wistar rats. These objects were
placed in a pre-calibrated tube of a manual homogeniser

MRM junction
No. Analyte Polarity ESl voltage, V DP EP CE CXP
Q1 Q3
1 Adr + 4500 184.0 77.0 60 10 45 25
2 NA + 4500 170.0 77.0 60 10 40 25
3 Dop + 4500 154.0 119.0 60 10 35 25
4 5HT + 4500 177.0 160.0 60 10 30 25
5 SHTAA + 4500 192.0 146.0 60 10 20 13
6 DOPAC - -4500 167.0 123.0 -60 -10 -10 -30
7 HVA - -4500 181.0 122.0 -60 -10 -20 -25
8 VMA - -4500 197.0 137.0 -60 -10 -25 -30
9 3.4-DHBA + 4500 140.0 77.0 60 10 25 25
+ 4500 273.0 133.0 60 10 80 13
10 Sot
- -4500 271.0 174.0 -60 -10 -40 -16

Note. Sot - sotalol; DP - declustering potential; EP - entrance potential; CE - collision energy; CXP - collision cell exit potential.
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TABLE 3

CALIBRATION AND QUALITY CONTROL SAMPLE CONCENTRATIONS

Designation
NA Adr Dop
K1 (LLOQ) 50 50 1250
K2 100 100 2500
K3 200 200 5000
K4 300 300 7500
K5 400 400 10000
K6 600 600 15000
K7 900 900 22500
K8 1200 1200 30000
LQC 150 150 3750
MQC 500 500 12500
HQC 975 975 24375
Dil 1800 1800 45000

Note. Dil - concentration to estimate dilution effect; K - calibration concentration.

and homogenised after adding solvent in the required
volume. After centrifugation, a standard solution
of the analyte mixture was added to the supernatant
fluid at a rate of 10 pl of standard solution per 190 ul
of supernatant. To study the selectivity of the technique
(series 1 in Table 6), as well as the effect of sample dilu-
tion, brain samples stored for 2 years at a temperature
no higher than -20 °C were used, in which there was no
analytical signal of the analytes. Linearity was assessed
at 8 concentration levels (K1-K8), accuracy and coeffi-
cient of variation at 4 concentration levels (at the lower
limit of quantitation (LLOQ, lower limit of quantitation),
lower (LQC, lower quality control), middle (MQC, middle
quality control) and higher (HQC, higher quality control)
quality control levels), and dilution effect at the same
concentration level (Dil) (Table 3).

RESULTS

At the initial stage of development, methanol was
chosen as a solvent for the preparation of homoge-
nates, since when water was used, the NA peak was ab-
sent on the chromatograms (retention time t, =47 min),

Concentration, ng/g

SHT DOPAC SHTAA HVA VMA
75 200.0 150 80 67.50
150 400.0 300 160 135.00
300 800.0 600 320 270.00
450 1200.0 900 480 405.00
600 1600.0 1200 640 540.00
900 2400.0 1800 960 810.00
1350 3600.0 2700 1440 1215.00
1800.0 4800 3600 1920 1620.00
225.0 600 450 240 202.50
750.0 2000 1500 800 675.00
1462.5 3900 2925 1560 1316.25
2700.0 7200 5400 2880 2430

and when acetonitrile was used, its signal-to-noise ratio
(S/N, signal/noise) was 10 times lower (106/1). Samples
were prepared using a manual homogeniser by adding
solvent at a rate of 3 pl of solvent per 1 mg of brain tis-
sue'. The homogenates were then centrifuged for 5 min
at 10000 rpm and 10 pl of methanol standard solution
with K4 concentration was added to 190 pl of superna-
tant (Table 3). A 120 pl methanol solution of a mixture
of internal standards of sotalol and 3,4-DHBA was added
to 50 pl of the obtained sample. The mixture was stirred
on a shaker for 30 s and then centrifuged for 5 min
at 10000 rpm.

In the next step, antioxidant (AO) solution se-
lection was performed by studying the short-term
stability (STS, short-term stability) of NA, Adr, Dop
and DOPAC in brain homogenate samples, as well
as the stability of these analytes in prepared samples
in autosampler (ASS, autosampler stability). Aqueous
solutions of ascorbic acid, sodium sulfite, sodium me-
tabisulfite, and sodium thiosulfate at concentrations
of 5 % and 10 % were used as stabiliser [21]. Antioxi-
dant solution was added at a rate of 10 pl of solution
per 50 pl of homogenate. The test results are sum-
marised in Table 4.

! The tissue sample was weighed in a pre- calibrated homogeniser tube and then methanol was added to it in the desired amount: for example, if the tissue

mass was 100 mg, 300 pl of methanol was added to it.
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TABLE 4

ANTIOXIDANT STABILISER SELECTION RESULTS

Antioxidant
Without AO Ascorbic acid Na,S O, Na SO,
(n=2)  59%(@n=2) 10%((M=2 5%(@M=2) 10%@N=2) 5%@N=2) 10%(n=2)
AES I 56.24 109.55 100.12 87.24 96.82 74.82 71.43
24 hours)
= A STS
E (room 49.02 91.02 114.71 100.48 103.19 78.18 77.61
< temperature, 24 h)
g 0
£ i 62.01 97.66 101.95 74.99 79.85 71.44 48.92
™ 24 hours)
i‘ Adr
2 et 59.52 102.19 112.68 34.19 62.90 22.20 38.45
s temperature, 24 h)
‘G-‘J (e}
€ AT, 39.28 105.03 96.62 92.53 N/A 83.01 N/A
< 24 hours)
g PP g
o (ieaiul 35.21 101.39 95.96 54.65 N/A 48.12 N/A
g temperature, 24 h)
o o
g eSS, 78.26 107.21 97.88 93.37 87.44 94.24 90.94
T 24 hours)
DOPAC s
el 72.42 107.52 100.55 78.27 87.18 9237 94.51
temperature, 24 h)
ASS (+4 °C,
Al 90.00 90.15 - - - - -
= STS (
—o' room _ _ _ _ _
2 temperature, 24 h) 75.45 97.35
g 0
< ASS (+4 °C, _ _ B B B
= AuE) 70.73 95.98
5 M s
2 (room 23.17 100.57 - - - - -
s temperature, 24 h)
I ASS (+4°C
= o _ _ _ _ _
= ) 88.31 103.93
g PP o
= lietlul 49.93 98.61 - - - - -
g temperature, 24 h)
o
£ ASS (+4 °C,
:'? 24 hours) 95.55 97.28 - - - - -
DOPAC STS
room
temperature, 24 h) 90.24 9510 N - - N -
Note. N/A - no chromatographic peak of the analyte.
The addition of sodium sulfite and sodium Only when ascorbic acid was used the concentrations

thiosulfate solutions failed to prevent oxidation of all
analytes (Table 4). For instance, when Na_SO, solutions
were used, only the DOPAC concentration fell within
therequired range of 85-115 % of theinitial value. The use
of Na,S,0, solution at a concentration of 5 % prevented
the oxidation of noradrenaline as well as dopamine
and DOPAC in the prepared samples in the autosampler.
The chromatographic peak of Dop was not detected
in samples with the addition of 10 % solutions of Na_S,0,
and NaSSO,. When sodium metabisulfite solutions
were added to the methanol homogenates, this salt
precipitated, so these samples were not analysed.

of all analytes in the short-term stability and autosampler
stability tests were in compliance. For further testing,
an aqueous solution of ascorbic acid at the lowest
concentration of 5 % was chosen to minimise the risk
of contaminating the chromatography column,ion source
and ion optics of the mass spectrometer with excessive
amounts of this substance.

At the next stage of the study, matrix effects were
studied. Freshly sampled rat brain homogenates, fresh-
ly sampled striatum homogenates, and brain homog-
enates stored for 2 years at a temperature not exceed-
ing -20 °C, obtained from 6 different animals, were used
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TABLE 5

EVALUATION OF THE MATRIX EFFECT IN THE DETERMINATION OF ANALYTES IN BRAIN HOMOGENATES

Analvtes Homogenate Homogenate
y in a ratio of 1:3 in a ratio of 1:7
LQC 13.48 11.39
NA
HQC 14.09 4.80
LQC 13.94 7.46
Adr
HQC 12.76 10.56
LQC 8.95 6.07
Dop
HQC 5.15 7.29
LQC 13.98 5.93
SHT
HQC 17.69 437
CV (NMF), %
LQC 11.14 9.77
5HIAA
HQC 6.25 5.23
LQC 26.82 7.89
DOPAC
HQC 21.38 7.49
LQC 11.10 5.37
HVA
HQC 11.95 8.65
LQC 10.90 8.37
VMA
HQC 10.31 5.07
5HT (brain homogenate) LQC 0.183 0.135
(n=4) HQC 1.464 0.956
5HT (striatum homogenate) LQC 0.142 0.132
Peak area ratio «analyte/ (n=2) HQC 1.021 0.940
internal standard»
(mean value) DOPAC (brain homogenate) LQc 4.635 2223
(n=4) HQC 33.255 15.538
DOPAC (striatum homogenate) ~ LQC 2.701 2.115
(n=2) HQC 22502 15.327

Note. CV (NMF) - coefficient of variation for normal matrix factorization.

for the preparation of model mixtures. According to the re-
quirements of Russian and foreign guidelines for valida-
tion of bioanalytical techniques [23-25], each of 6 samples
were analysed at the level of LQC and HQC concentrations
(Table 3), as well as a sample of each homogenate without
the addition of a standard to subtract the signal of endog-
enous substances (Table 5).

At the initial conditions of sample preparation, the val-
ue of the coefficient of variation (CV) of the normalised
matrix factorization (NMF) in the determination of 5HT
and DOPAC exceeded the permissible limit of 15 % (Ta-
ble 5). To reduce matrix effects, the ratio of methanol
to brain tissue in the preparation of homogenates was ad-
justed: the sample was prepared at a rate of 7 pl of solvent
per 1 mg of tissue. Under these sample preparation condi-
tions, the CV (NMF) result was in compliance for all analytes.
Afterwards, the stability of NA, Adr, Dop and DOPAC was
re-tested in samples of methanol homogenate prepared
in a 1:7 ratio using the previously selected 5 % aqueous

ascorbic acid solution (Table 4). The concentrations of all
analytes in the ASS and STS tests were within the accept-
able range of 85.0-115.0 % of the initial value.

Therefore, in order to quantify the concentration
of the studied substances in brain tissue, the homogenate
was prepared manually at a ratio of 1.7 (tissue weight/
volume of methanol). The sample was then centrifuged
for 5 min at 10000 rpm. And stabilised with an aqueous
solution of ascorbic acid at a concentration of 5 % at a rate
of 10 pl of solution per 50 ul of supernatant. Thereafter,
120 ul of methanol solution of internal standards was add-
ed to 60 pl of the mixture, stirred for 30 s and centrifuged
for 5 min at 10000 rpm. The supernatant fluid was trans-
ferred to a microtiter plate and analysed by HPLC-MS/MS.

After selecting the final sample preparation conditions
and chromatography-mass spectrometric determination,
a complete validation of the methodology was performed.
The analytical range for Adr and NA was 50-1200 ng/g,
for Dop - 1.25-30.00 pg/g, for 5HT - 75-1800 ng/g,
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for DOPAC - 200-4800 ng/g, for 5HIAA - 150-3600 ng/g,
for HVA - 80-1920 ng/g, and for VMA - 67.5-1620 ng/g.
The dependence of the analyte/internal standard peak
area ratio on the concentration of each compound was
linear. In evaluating the selectivity of the method using
brain homogenate samples stored at a temperature not
exceeding -20 °C for 2 years, the area of chromatographic
peaks in blank matrices for analytes did not exceed 20 %

of the peak area in LLOQ samples, for internal standards
of sotalol, for internal standards of 3,4-DHBA, the area
of chromatographic peaks did not exceed 5 % of the peak
area in LLOQ samples (Fig. 2, 3).

The mean values of the calculated determination con-
centrations of all studied compounds were within 85-115 %
of the nominal value for LQC, MQC and HQC concentra-
tion levels, within 80-120 % for LLOQ concentration level,
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FIG. 2.

Examples of MRM chromatograms of blank matrix and sample with added standard at LLOQ level (analytes - NA, Adr, Dop, 5HT,

5HIAA, DOPAC)
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Blank matrix

Sample with LLOQ concentration

HVA
(181122 m/z)

VMA

(1975137 m/z)

3,4-DHBA
(14077 m/z)

Sotalol (+)
(273—133 m/2)

Sotalol (-)
(2715174 m/z)

FIG. 3.

Examples of MRM chromatograms of blank matrix and sample with added standard at LLOQ level (analytes - HVA, VMA, 3,4-DHBA

(BC), sotalol (BC))

including the assessment of the selectivity of the meth-
odology (Table 6, series 1). The coefficient of variation
of the calculated concentrations did not exceed 15 %.
In this case, the result of analytical series 2 and 3 (Ta-
ble 6), performed using samples of freshly collect-
ed brain homogenates, was calculated considering
the endogenous content of analytes in samples without
the addition of the standard. Double dilution of samples
with the content of the studied substances exceeding
the analytical range (Dil; Table 3) with blank matrix did
not affect the metrological characteristics of the meth-
od: the value of calculated concentrations of analytes
was within the range of 89.76-94.99 % of the nominal
value, the CV value - within the range of 2.77-5.88 %
(Table 6). There was no carryover of analytes and inter-
nal standards from the previous sample.
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The selected antioxidant solution provides stabil-
ity of analytes in homogenate samples during 24 h
storage at room temperature, 3 freezing/thawing cy-
cles (FTS, freezing/thawing stability), 30 days storage
in a freezer at a temperature not exceeding -20 °C
(LTS, long-term stability), as well as stability in pre-
pared samples in an autosampler during 48 h at +4 °C
(Table 7).

The developed method was tested by analyzing
striatum samples obtained from 6 intact male Wistar
line rats. Brain samples were chilled with liquid nitro-
gen immediately after collection, and the striatum was
extracted. Homogenization and addition of stabilizer
solution was performed no later than 20 min after sam-
pling. The results of NA, Adr, Dop, 5HT, DOPAC, 5HIAA,
VMA, and HVA determinations are presented in Table 8.
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TABLE 7

RESULTS OF STABILITY ASSESSMENT OF ANALYTES IN BRAIN HOMOGENATES

Indicators Adr NA Dop 5HT 5HIAA DOPAC HVA VMA
STS (24 hours at room LOC  100.88 9658  99.85 91.80 9693 9780  99.01  101.79
< temperature) (n = 6%) HQC 10047 9403 9751 9064 10585 10221 103.88 107.47
= LOC 10060 101.04 10140 9556 97.26 10069 10262 105.00
S FTS(n=6%) (3 cycles)
< HQC 10322 9678 103.04 9763 10148 101.13 10201 107.44
o
= LOC 10281 9842 9876 9621 9961 10065 10147  100.41
£ ASS(48hat+4°C) (n=6%
£ HQC 10248 9596 9622 93.82 100.83 9795 10079 10458
o
X
¥ |75 (30 days at a temperature LQC  103.11 10012 10484 9550 9841 10241 10243  96.99
not exceeding -20 °C) (n = 6%) HQC 10225  99.08 10074 9870 9875 9784 9865 9885

Note. * - number of samples at each concentration level; FTS - freezing/thawing stability after 3 cycles; LTS - long-term stability.

TABLE 8

RESULTS OF QUANTIFICATION OF NORADRENALINE, ADRENALINE, DOPAMINE, SEROTONIN, DOPAC, SHIAA,

VMA, AND HVA IN RAT STRIATUM SAMPLES

Adr NA Dop
Mean values (n = 6) less than LLOQ 354.85 9181.30
SD - 3343 1497.84
CV, % - 9.42 16.31
DISCUSSION

Following the selection of optimal analysis con-
ditions for the preparation of brain tissue samples af-
ter their mechanical homogenisation, sample dilution
with methanol solution of internal standards was cho-
sen. This significantly improves sample preparation
throughput compared to work that has used liquid-lig-
uid extraction [18], dialysis [13, 17, 19], and analyte
derivatisation [13, 14]. The use of HPLC-MS/MS provides
an advantage in selectivity and sensitivity of the method
over HPLC-UV [8] and HPLC-EM [9-12] in performing
pharmacodynamic studies of drugs. For instance, when
using these methods, the molecules of MPs under study
may be extracted and coeluted together with the an-
alytes, thus giving overestimated quantification results
[3]. The chromatographic analysis time is 21 min, which
is longer than in the methods of E. Grouzmann et al. [5],
N. Hwang et al. [6], L. Fang et al. [7], S. Greco et al. [14],
C. Ji et al. [15]. These studies, however, analyse a small-
er number of monoamine neurotransmitters and their
metabolites.
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Concentration, ng/g

5HT 5HIAA DOPAC HVA VMA
595.86 1180.49 1851.35 896.26 less than LLOQ
137.25 24461 283.25 266.38 -
23.03 20.72 15.30 29.72 -
A stabiliser selection approach was adopted

by pre-assessing the short-term stability of analytes
in homogenates and the stability of samples in the au-
tosampler both without and with added antioxidants.
A similar approach was used for blood plasma samples
in [21], but it did not involve ASS testing. Reasonable re-
sults with the choice of antioxidant were achieved only
when aqueous solutions of ascorbic acid in a volume
ratio of 1:5 were added to the homogenate superna-
tant (Tables 5, 7). This is due to the fact that in meth-
anol samples, salt reducing agents (Na,SO,, Na,S,0

27273/
Na.S.0,) dissolve much worse than the selected stabi-

Iizér.zlnsthe study of long-term stability, a temperature
of -20 °C or less is considered to be sufficient for sample
storage (Table 7).

The concentrations of Dop, NA, 5HT, 5HIAA, DOPAC,
and HVA in rat striatum samples obtained in the course
of method validation coincide with the data published
in J. Lu et al. [2] and N.N. Khlebnikova et al. [10]. No
Adr and VMA chromatographic peaks were revealed
in the chromatograms of the tested samples, indicating
that the samples were collected correctly.



CONCLUSION

The developed method for quantitative determina-
tion of norepinephrine, adrenaline, dopamine, serotonin,
DOPAC, 5HIAA, VMA, HVA in rat brain samples conforms
to the requirements of NCESMP, EAC, ICH, FDA guidelines
in terms of selectivity, calibration dependence, accuracy
and coefficient of variation within and between cycles,
dilution effect, carry-over effect from previous sample,
matrix effect, stability. The implementation of the chosen
stabilisation method prevents oxidation of analytes during
sample preparation and analysis, as well as their storage
for at least 30 days. It substantially reduces the risks of un-
reliable results in preclinical pharmacodynamic testing
and exclusion of pharmacologically effective compounds
from the experiment as a consequence of falsely under-
estimated concentrations of neurotransmitters and their
metabolites in the samples.

Study limitations

This method has been validated and shown to be con-
venient for the determination of analytes in rat brain tis-
sue samples. The use of the method for quantification
of the substances under study in another animal species
would require partial validation by assessing the matrix ef-
fect, calibration dependence and selectivity.
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