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Abstract

Introduction. Tranexamic acid is one of the most common drugs used to stop bleeding after trauma, in surgery and gynecology. The most
common analytical method for the determination of this compound is reversed-phase high-performance liquid chromatography (HPLC). However,
this compound belongs to the group of so-called poorly retained compounds due to its chemical structure. It is necessary to develop an analytical
method that will allow the determination of tranexamic acid in human blood plasma with the least time, resource costs and without the use of
specialized columns.

Aim. The aim of this study is to develop a method for tranexamic acid in human plasma by high performance liquid chromatography with tandem
mass-spectrometry (HPLC-MS/MS) for pharmacokinetic studies.

Materials and methods. Determination of tranexamic acid in plasma by HPLC-MS/MS. The samples were processed by acetonitrile protein
precipitation.

Results and discussion. This method was validated by next parameters: selectivity, matrix effect, calibration curve, accuracy, precision, recovery,
lower limit of quantification, carry-over effect and stability.

Conclusion. The method of the determination of tranexamic acid in human plasma was developed and validated by HPLC-MS/MS. The linearity in
plasma sample was achieved in the concentration range of 100.00-15000.00 ng/ml. Method could be applied to tranexamic acid determination in
plasma for pharmacokinetics and bioequivalence studies.
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Peslome

BBepeHme. TpaHeKcamMoBas KUC/IOTA ABNSAETCA OAHUM 13 Hanbonee pacnpoCTPaHEHHbIX NPenapaToBs, MPVIMEHAEMbIX 1 OCTAHOBKN KPOBOTEUEHWI
nocsne TpaBM, XUPYPruyecKmnx BMeLaTeNbCTB 1 B TMHEKonoruv. Hanbonee pacnpocTpaHeHHbIM aHANUTUYECKM METOLOM OnpefeneHuns JaHHOro
coefuHeHNA ABNAeTCA obpalleHHO-da30Bas BbICOKOIPPEKTNBHAA KUAKOCTHasA xpomatorpadua (BIXKX), ogHako M3-3a CBOEN XMMUYECKON
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CTPYKTYpbl laHHOE COefiIMHEeHME OTHOCUTCA K rpyrne Tak Ha3blBaeMblx CllaboyfepKnBaeMbiX COEAUHEHUIA, B CBA3M C YeM BO3HMKAET HEOOXOAUMOCTb
pa3paboTKu MeTOAVKM, MO3BONAILWEN C HAUMEHbLIUMY BPEMEHHBIMA U PECypCHbIMK 3aTpaTamu, 6e3 NCNonb30oBaHNA CNeumanm3npPoBaHHbIX
KOJNIOHOK MPOBECTU onpefeneHne TpaHeKCaMoBOW KNCIOTbI B M1a3me KPOBM YenoBeka.

Llenb. Llenbio nccnepgoBaHus ABnseTcA pa3paboTka U Banugauusa MeTOAVKM onpefeneHns TPaHeKCaMOBOWM KUCIOTbI B Mla3Me KpOBM YesioBeKa
METOLOM BblCOKO3IbPEKTNBHOW XNAKOCTHON XpoMaTorpadum C TaHAEMHbIM MacC-CENEKTVBHbIM AeTeKTnpoBaHneM (BIXKX-MC/MC) gna nposeaeHus
bapMakoOKNHETNYECKMX NCCNeAOBaHNIA.

Matepuanbl n metoabl. OnpeaeneHve TpaHEKCaMOBOWM KUCIOTbI B Ma3me KpoOBW YenoBeka nposoaunnn metogom BIXKX-MC/MC. B kauecTtBe
npo60noAroTOBKM NCMOMb30BaNIN CMOCOH OCaXKAEHUA aLEeTOHUTPUIOM.

Pe3synbTaTtbl n o6cyxpaeHne. PaspabotaHHas MeTofuMKa Gbina BanuaMpoBaHa Mo clnefylowyM BanuAaLMoHHbIM NapameTpam: CENeKTUBHOCTD,
3¢ deKT MaTpuLbl, KaNMOPOBOYHasA KPWBas, TOUYHOCTb, MPELU3NOHHOCTb, CTENEHb U3BIeUEHUA, HVXKHUIA NPeaen KoNnyecTBeHHOro onpeaeneHus,
nepeHoc Npobbl, CTabUIbHOCTb.

3aknioueHue. Pa3paboTaHa 1 BannanpoBaHa MeToAMNKa onpeaeneHns TPaHEKCAMOBOW KUCOTbI B Nla3Me KPOBU YenioBeka Metogom BIXKX-MC/MC.
MopTBepXXAeHHbI aHaNUTUYECKMIN Anana3oH metoanku coctasun 100,00-15000,00 Hr/Mn B nia3me KpoBW. AHanUTUYeCKuUin AranasoH No3BonseT
NPVMeHATb pa3paboTaHHY0 METOAVKY ANA NPOBEAEHNA NCCIefoBaHNN GapMakoOKMHETUKM NpenapaToB TPaHEKCAMOBOW KNCIOTbI.

KnioueBble cnoBa: TpaHeKcaMoBas KUCIOTa, Mia3ma, BOXKX-MC/MC, Banmaaums, 6M03KBNBaANEHTHOCTb

KOH¢J1I/IKT MHTEpecoB. ABTOpPbI AEKNapUpyT OTCYTCTBNE ABHbIX N NOTEHUWANbHbIX KOHd)J'IMKTOB NHTEpPECOB, CBA3aHHbIX C ny6n|/|Kau|/|e|7| HacTosLen
CTaTbWn.

Bknap aBtoposB. T. H. Komapos, O. A. ApuakoBa, A. B. AnewrHa yyacTBoBanu B paspaboTtke 6noaHanutmyeckon metoauku. . C. Wenrauesa n
B. B. laBbljaHOBa NpriHXManu yyactue B NpoBefieHUN Banupaumm buoaHanutuueckon metopmkun. H. C. baraeBa npoBogmna cTaTUCTUYECKYHO
06paboTKy AaHHbix. W.E. WoxmuH n A. 0. CaBueHKO OTBeYanu 3a OpraHM3aLMOHHYI0 4YacTb UCCIeAoBaHUs. Bce BbilleykasaHHble aBTOPbI
y4acTBOBaNN B 06CYKAEHUN NONyUYEHHbIX pe3ynbTaToB B Gopme HayUHON ANCKYCCUN.

Ana untupoBaHuA: AnewnHa A.B., Komapos T.H. Apuakosa O.A., Wenrauesa [.C., baraesa H.C., [asbigaHoBa B.B., CaBueHko A.lO.,
LWoxumH W. E. OnpepeneHne TpaHeKCaMOBOW KUCIOTbI B NJia3mMe KPOBU YesloBeka MeTOOM BblCOKOIPPEeKTUBHON XKMAKOCTHOW XpomaTorpadum
C Macc-CneKTpoOMeTpuUYecKnM AeTeKTUpoBaHvueM. Paspabomka u peeucmpayus nekapcmeeHHeix cpedcms. 2021;10(2):120-127. https://doi.
0rg/10.33380/2305-2066-2021-10-2-120-127

INTRODUCTION with the theory according to which SARS-CoV-2 (Severe

acute respiratory syndrome-related coronavirus-2),
virus causing COVID-19 becomes more virulent when
the virus S-protein is cleaved by plasmin. Therefore
plasmin inhibition may prevent COVID-19 progression.
Tranexamic acid, in its turn, as a typical antifibrinolytic
product decreases plasmin production [4]. In the Russian
Federation, tranexamic acid is included to the list of vital

Tranexamic acid (TA) (figure 1) is a product with anti-
fibrinolytic action reversibly blocking lysine binding sites
on plasminogen hereby preventing plasmin interaction
(which is formed as a result of plasminogen activation)
with lysine residues and subsequent fibrin degradation [1].
The therapeutic indications for tranexamic acid are

conditions with abnormal bleeding or bleeding trends
in which local or systemic hyperfibronolysis are thought
to be involved [2]. Tranexamic acid has been also widely
used in gynecology as a non-hormonal product for
treatment of abundant menstrual bleedings, for decrease
of a bleeding during gynecological surgeries such as
abdominal myomectomy or hysterectomy [3]. There is
the data on the possible use of tranexamic acid as the
product against COVID-19 (coronavirus disease 2019) for
some groups of patients. The antiviral effect is associated

HZN\—_<:> AAAA '(0
OH

Figure 1. Chemical structure of tranexamic acid

and essential which indicates the significance of the drug
for national healthcare [5].

By its structure, tranexamic acid is trans-4-(ami-
nomethly)-cyclohexanecarboxylic acid and represents a
synthetic analogues of lysine amino acid. Owing to the
presence of carboxylic acid, the compound has hydro-
philic properties which is illustrated by octanol-water
partition coefficient (log P) for the substance (table 1).

Table 1. Log P and pKa for tranexamic acid

Tranexamic acid

Log P -1.6
pKa 4.56
Reference [6]
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It is known that physical-chemical properties of
drug compounds adequately influence pharmacoki-
netics. Such characteristics as hydrophility/lypophili-
ty influence bioavailability of a drug substance, as well
as, substance behavior in the chromatographic system.
However, as for hydrophilic and polar compounds to
which tranexamic acid belongs, when they are deter-
mined with the reversed-phase high performance li-
quid performance (HPLC), the difficulties occur which
are related to the poor retention of the substances on
classical octadecyl silica gel columns. To solve practical
tasks on retention of poorly retainable components,
there are various approaches such as introduction of
ion-paired supplements to the mobile phase, the use
of columns with low carbon percentage, the use of co-
lumns with grafted polar radicals, e.g. cyano-, amino
modification of silicagel and the method of hydrophilic
chromatography [Hydrophilic interaction liquid chro-
matography (HILIC)] [7]. However, not all approaches
given above may be implemented in practice in con-
ditions of everyday work. Moreover, often, analyti-
cal laboratories not always have a full variety of chro-
matographic columns at their disposal. Due to that, it
becomes necessary to develop chromatographic co-
lumns for poorly retained substances with the selec-
tion of optimal conditions of chromatographic sepa-
ration, detection, as well as the method for sample
preparation.

Nowadays, peer-reviewed journals present various
methods for determination of tranexamic acid with the
method of high performance liquid chromatography
with high performance liquid chromatography - triple
quadrupole tandem mass spectrometry (HPLCMS/MS) in
human plasma or serum (table 2).

However, it should be mentioned that the methods
given above require labor consuming sample prepa-
ration or imply corrosion aggressive reagents for pro-
tein precipitation. The study presents the develop-
ment and validation of the method for determination

of tranexamic acid with mass selective detection and
use of protein precipitation as sample preparation with
acetonitrile which to simplify and accelerate the pro-
cedure for sample preparation thus obtaining the me-
thod meeting all the requirements of the regulatory
documents.

MATERIALS AND METHODS
Equipment

Chromatographic separation and detection were
performed on high performance liquid chromatograph
Nexera XR equipped with a gradient pump, column and
sample thermostat , autosampler and a tandem mass
spectrometry detector (triple quadrupole). Source data
was processed with software Lab Solutions (Ver. 5.91)
(Shimadzu Corporation, Japan).

Reagents and solutions

The following reagents were used in the work:
methanol ("UHPLC-grade" class, J.T. Baker, Netherlands),
acetonitrile ("LC-MS grade" class, Biosolve, France/Ne-
therlands/Israel), formic acid (class "98 % pure", Pan-
Reac, Spain), ammonia hydrate ("for analysis" class, Pan-
Reac, Spain), Milli-Q water. For preparation of stock
working solutions, reference standard samples of
tranexaminc acid were used (assay 99.3 %, Hunan Duntin
Pharmaceuticals Co, Ltd., China) and vildaglyptin (assay
99.8 %, Sigma-Aldrich, Germany).

Stock reference solutions of tranexamic acid and
internal standard (IS) of vildagliptin (VIL) were prepared
by dissolution of weighs of the substances in methanol;
working reference solutions of tranexamic acid and IS
working solution was prepared by dilution of reference
solutions with the same diluent up to necessary
concentrations in plasma corresponding to levels 1-8, as
well levels LLLOQ (lower limit of quantification), L (low), M
(middle) and H (high) (table 3).

Table 2. Bioanalytical methods of quantitative determination of tranexamic acid

A':aelt);::,cdal Sample preparation Internal standart Analytical range | Chromatography column | Reference

Protein precipitation by perch- XTerra™ MS C18 Column

HPLC-MS/MS loric acid Methyldopa 0.02 - 10.00 pg/ml (100 x 2.1 mm, 3.5 um) [8]
. o . . HyPURITY C18 Thermo

HPLC-Ms/ms | Protein precipitation by perch- cis-4-aminocyclohexane-| 5, 540,00 ug/mi | Hypersil column 9]

loric acid carboxylic acid

(150 x2.1 mm, 5 um)

Phospholipid clean-up and cis-4-aminocyclohexane- Thermo Scientific™ Accu-
HPLC-MS/MS protein precipitation by Ludox® carboxvlic acidy 1.00 - 1000.00 pg/ml | core™ Urea HILIC HPLC Co- [10]

AS-40 and lanthanum chloride Y lumns (150 X3 mm, 2. um)




Table 3. Concentrations of analyte in calibration samples
and in quality control samples

Analityte concentration, IS concentration, ng/ml
Level ng/ml
TA VIL
1 100.00 500.00
2 250.00 500.00
3 500.00 500.00
4 1000.00 500.00
5 5000.00 500.00
6 8000.00 500.00
7 10000.00 500.00
8 15000.00 500.00
9 100.00 500.00
LLOQ 300.00 500.00
L 7500.00 500.00
M 12500.00 500.00
H 100.00 500.00

Stock and working reference solutions were kept in
the freezer at temperature —-40 °C. The samples of blank
plasma were kept in the plasma freezer at temperature
-40°C.

Sample preparation

To 200 pl of a calibration sample, quality control
sample, blank plasma sample transferred to Eppen-
dorf centrifuge micro tube 2 ml, 10 ml of vildagliptin
IS working solution was added, 400 pl of acetonit--
rile was added, mixed on vortex for 10 seconds, then
centrifuged for 15 min with the rate 13500 rot/min.
Then the supernatant was transferred to chroma-
tographic vials and then to the chromatrograph
autosampler.

Conditions for chromatographic separation
and detection

e Chromatographic column: Shim-pack GWS C18, 150 x
4.6 mm, 5 pm.

® Thermostat temperature: 40 °C.

®  Mobile phase: Eluent A: 0.1 % formic acid solution in
Milli-Q water with the addition of 0.08 % ammonium
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(by volume), eluent B: 0.1 % formic acid solution with
the addition of 0.08% ammonium in methanol (by
volume).

® Gradient by mobile phase (MP) composition is given in
table 4.

Table 4. Gradient elution

Time, min Eluent A, % Eluent B, % Mobile phase‘ﬂow
rate, ml/min
0.00 12,5 87.5 1.00
0.50 12,5 87.5 1.00
2.50 12.5 875 1.00
2.60 12.5 87.5 1.30
3.00 100.0 0.0 1.30
4.00 100.0 0.0 1.30
4.20 12.5 87.5 1.30
4.70 12.5 87.5 1.00
7.50 12,5 87.5 1.00

® Injection volume: 5 pl.

® Run time of the mass spectrometry detector: 0.00-
7.50 min.

* lonization source parameters (electrospray): spraying
gas 3 I/min, drying gas 20 I/min, heating block
400 °C, desolvation line 200 °C, capillary pressure
+4.5 kV.

® |onization mode: positive.

Table 5. Detection conditions

Analyte name Detection conditions

Tanexamic acid 15810 | 15810— | 158.00—
5510m/z | 67.10m/z | 95.20m/z
N 304.10 - 30410 -
Vildagliptin 107.05 m/z 15110 m/z

RESULTS AND DISCUSSION
Method development

The main particularity of the method development
for determination of tranexamic acid is the necessary of
retention of hydrophilic, polar substance in the conditions
of reversed-phase chromatography. When selecting an
optimal chromatographic column, the columns with
grafted amino and cyano groups, octyl groups, as well as
chromatographic columns with octadecyl modification of
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silicagel containing various carbon percentage. Moreover,
when the method was developed, various eluents were
tested as mobile phase including buffer systems.

Based on the experimental data as stationary
phase, chromatographic column Shim-pack GWS (18,
150 x 4.6 mm, 5 um with carbon contents 9.5 % and low
residual silanol activity was selected. The column used
with ammonium formate allowed to achieve optimal
retention on the column, to prevent washout and achieve
optimal form of chromatographic peaks.

Method validation

The bioanalytical method was validated based
on the Guidance on drug expertise, volume | [12] and
FDA [13] and EMA guidelines [14] on the following
parameters: selectivity, matrix effect, a standard curve,
accuracy (at intracycle, intercycle levels), precision (at
intracycle, intercycle levels), recovery, the lower limit
of quantification, sample transfer, stability [stability of
stock and working reference analyte and IS solutions;
short-term stability ("bench-top" and "post-preparative”
stability); stability in triple freeze-thaw cycles; long-term
analyte in the matrix].

Selectivity

6 samples of blank blood plasma obtained from
various sources, as well samples of blank plasma with
the addition of working reference solutions up to
concentrations corresponding to LLLOQ level (table
3) were analyzed. The separate analysis of hemolyzed
blank plasma samples and samples with the increased
level of lipids. On the chromatograms of blank plasma,
peak signals with retention times corresponding to
retention times of the analyte and IS do not exceed
20 % of the analyte signal at the level of the lower limit
of quantification (LLQ) and 5 % of IS signal, respectively.
The corresponding chromatogram is given below in
figure 2.

Matrix effect

To evaluate matrix effect, samples with the addition
of working reference solutions of tranexamic acid and
vildagliptin IS working solution were analyzed without
the effect of the biological matrix, as well as samples
prepared on blank plasma, without regards to the effect
of recovery of tranexamic acid from the biological
matrix.

The matrix effect was evaluated at low (level L) and
high (level H) levels of the analytical range of tranexamic
acid concentrations (table 3). For vildagliptin IS, the matrix
effect was calculated at the level of 500.00 ng/ml. The
data is given in table 6.

Intensity
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Figure 2. Blank plasma sample chromatogram

Table 6. The matrix factor of TA, normalized by the IS matrix factor

<
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=
3 z 3 z =) T
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S 5 o 5 o S
2 2 4 2 4 2
Average 1.25 0.92 1.45 1.03 1.37 1.04
CV, % 5.90 4.45 6.84 4.07 5.35 3.31

Calibration curve

Eight samples of blank plasma with the addition
of vildagliptin IS working solution and working refer-
ence solutions of tranexamic acid up to the concentra-
tions given in table 3 were analyzed (levels 1-8). Using
the data, calibration plots representing ratio of peak
area of tranexamic acid to peak area of vildaglip-



tin from the ratio of tranexamic acid concentration
to vildagliptin concentration in plasma (figure 4). The
chromatogram of the sample at level 8 (table 3) is gi-
ven in figure 3.

Intensity

x100 000) TIC(az Go)|
685 572

6,00 536 / tranexamic acid / 2607352 / 13045,10 / ng/ml

4,00

<100 000)
127209

1,105 4,369 / vildagliptin / 209090 / 500,00 / ngfml

TICH@1 GO)|

Figure 3. Level 8 plasma sample chromatogram

Accuracy and precision

Plasma samples corresponding to levels LLLOQ,
L, M and H (table 3) were analyzed. The analysis was
performed within 3 sequences of 5 samples for each
level. Accuracy and precision were evaluated within one
cycle, between two and thee cycles, the data is given in
table 7.

The values of relative standard deviation (RSD,
precision) and relative error (E, accuracy) correspond to
the standard (not more than 20 % at LLLOQ level, not
more 15 % - for other points).

Recovery

To evaluate recovery (R), 3 samples prepared
from blank plasma, were analyzed without the effect
of recovery at levels L, M, and H (table 3), as well as
quality control samples for recovery evaluation. The
separate analysis of hemolyzed blank plasma samples
with the increased lipid levels. The data is given in
table 8.
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Area Ratio
[*1070]
9,0

8,0
7.0
6,0
5,0
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'0,0 0,5 1.0 1,5 20 25 30 35
Conc.(Ratio) [*10"1)

Figure 4. Example of the calibration curve representing depen-
dence of the ratio area peak of tranexamic acid to vildagliptin on
the concentration ratio of tranexamic acid to the vildagliptin in
plasma.

Table 7. Accuracy and precision of the method

RSD, % E, %
Level
(n=5) [ (n=10) | (n=15) [ (h=5) [ (n=10) | (n=15)
LLOQ 317 6.05 3.75 -11.49 | -6.77 -5.49
L 2.84 3.58 5.02 343 6.10 8.15
M 2.68 1.95 3.95 1.34 1.68 -0.30
H 0.79 2.20 4.50 -7.22 | -597 -6.45
Table 8. Calculation of tranexamic acid recovery atL, M, H
levels from different types of biological matrix
Recovery Recovery Recovery

(level L), % (level M), % (level H), %

Average 58.35 83.43 67.87
SD 6.88 2.23 6.24
RSD 11.80 2.67 9.19

The recovery should not be equal to 100 %, but
efficient and reproducible substance recovery from
the biological matrix should be provided. The relative
standard deviation of estimated values of the analyte
recovery from biological matrixes should not exceed
15 %.
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Lower limit of quantification

LLOQ of the method was determined based on
the linearity, accuracy and precision data. As LLOQ of
the method, the minimal concentration of tranexamic
acid in plasma in the analytical range in which trane-
xamic acid may be quantified with values RSD and E not
more 20 %. LLOQ was 100.00 ng/ml. The chromatogram
of plasma containing tranexamic acid at LLOQ level is
given in figure 5. The signal/noise ration by the peak of
tranexamic acid at LLOQ calculated with software Lab-
Solutions (Ver. 5.91) (Shimadzu Corporation, Japan), is
28.3.

Intensity

x10 000)
P2 619

TIC)az 23)

2,00

2,585 / tranexamic acid / 21248 / 94,98 / ng/ml

X100 000)
130 519

TICHa1 33)

4,364 / vildagliptin / 312247 / 500,00 / ng/ml

I
v,
a
w
o
<

Figure 5.LLOQ plasma sample chromatogram

Stability

Short-term stability has been confirmed ("Tabletop”
and "post-preparative"), stability with three times freezing
and defrosting, stable stock and working standard solu-
tions (when stored for 16 days at a temperature -40 °C),
long-term stability (storage within 71 days at temperature
-40 °C) of the test substances at low (L) and high (H) con-
centration levels (table 3).

Sample transfer

The successive analysis of the calibration sample
corresponding to level 8 (see table 3), and blank
plasma sample on the chromatogram of the blank

plasma sample showed no peaks corresponding to
the peak of the test substance and IS by retention
times.

CONCLUSION

The method for determination of tranexamic acid
in human plasma by HPLC-MS/MS was developed and
validated. The confirmed analytical range of the method
was 100.00-15000.00 ng/ml in human plasma. The
obtained analytical range allows to use the developed
method for the analytical part of pharmacokinetic studies
of tranexamic acid products.
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