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Abstract. Non-peptide selective blockers of AT1-receptors have been developed relatively recently and
are actively used in thrombosis therapy. These substances belong to the group of drugs modulating the
functioning of the renin-angiotensin-aldosterone system through interaction with angiotensin receptors.
However, with a variety of methods for controlling this substance, the problem of quantitative determination
of telmisartan in biological fluids remains relevant. Since the substance has a high fluorescent activity,
an assumption has been formed on the possibility of developing a method of determining the amount
of telmisartan by fluorescent method. The method has high sensitivity and selectivity that allows to
determine fluorescence in solutions with concentration from 107'2 M. In this work fluorescent properties
of telmisartan substance and “Telmista” medicine were obtained, analytical signal registration conditions
were defined empirically: solvent — 0.01 M NaOH, excitation wave length — 290 nm, luminescence wave
length — 365—490 nm, strobe parameters — signal delay 0.70 us, signal duration — 4.70 us. On the basis
of the obtained spectra the calibration dependence of the signal intensity on the substance concentration
was constructed, and the relative quantum yield was calculated. The influence of solvents in different
pH conditions on the intensity of the analytical signal in the model solution was obtained. It was found
that the highest intensity of luminescence was observed in 0.01 M NaOH. Quantitative determination
of the drug “Telmista” in the model solution was carried out by fluorimetric method. The conditions
of signal detection in human blood plasma were determined. This method is characterized by high
selectivity, accuracy and sensitivity. The low level of spectral interference allows detection of weak
analytical signals. It was found that the excipients meglumine, povidone-K30, lactose monohydrate,
sorbitol (E 420), magnesium stearate, included in the drug “Telmista” have no interfering effect on the
signal intensity, since the absorption spectra of these excipients are in the region of 500 nm [1: 40].

Fluorimetric analysis of telmisartan often uses a selected combination of chemical reaction products

called EDAS (ethylenediamine, diacetylmonoxime, sodium sulfite) reagent. The reaction produces a
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commodity homogeneous mixture that absorbs light of a specific wavelength and emits light in precisely
the range that allows the concentration of telmisartan to be accurately measured.

Due to its increased sensitivity, the fluorimetric method of analysis is a very useful tool for measuring
telmisartan concentration in human plasma. Moreover, it is able to detect extremely small amounts of
the drug substance, which makes it particularly useful for clinical trials and drug analysis. However,
the express method of fluorimetric determination of telmisartan will speed up the process of obtaining
patient tests many times over. In order to develop such a method, the obtained described in this article

were carried out.
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HccaenoBanue py1yopecueHTHBIX CBOWCTB TeJIMHCAPTAHA

¢ 1[eJIbI0 Pa3padoTKHU IKCNPecc-onpe/esieHns B MJa3Me KpoBu

M. M. Anekceesa, E. . KoporkoBa
Hayuonanvnwiii ucciedosamenvcruii
Tomckuti nonumexHudeckull ynugepcumem
Poccuiickas ®edepayus, Tomck

Annotanus. HenenrruHeie cenekTuBHbIe O110KaTOphl AT 1-perenTopoB pa3paboTaHbl CPABHUTEIHEHO
HEIABHO U aKTHUBHO HMCIOJB3YIOTCA B TCpalnuu TpOM603OB. 3TI/I BC€HICCTBA OTHOCATCA K I'pynIie
MpenapaToB, MOIYJIHPYIOMHUX (PYHKITHOHUPOBAHUE PEHUH-aHT HOTCH3MH-aIbJOCTEPOHOBOM CUCTEMBI
HOCPEJCTBOM B3aUMOJICHCTBHSI C pelenTopaMu anruoreH3nHa. OJHaKo pu pa3HOOOpa3uu METOJI0B
KOHTPOJISl TOTO BEIIECTBA MPO0JIeMa KOIIMYECTBEHHOTO ONPEISIICHHSI TeIMUCAPTaHa B OMOJIOT HUECKIX
KHUIKOCTSAX OCTACTCS aKTyaJbHOU. [IOCKOIBKY BelecTBO 00JiagaeT BRICOKOH (h1yopeCieHTHOMH
AKTHBHOCTHIO, C(DOPMHUPOBAIOCH IMTPEATIONIOKEHIE O BOSMOKHOCTH Pa3paboTKH METO/Ia OIPEACTICHUS
KOJIMYECTBA TelIMHUcapTaHa (GpIyopecleHTHBIM METO0M. MeTo/1 00J1a/1aeT BBICOKOH 4yBCTBHTEIBHOCTHIO
U CEJIEKTUBHOCTBHIO, YTO IMO3BOJISICT OMPEACISITh (PIIYOPECICHIINIO B PaCTBOPaxX ¢ KOHIICHTpaIueH
ot 10-12 M. B pabote paccMOTpeHbI (i1yOpeclieHTHbIE CBOMCTBA CyOCTaHIIMK TEIMHICApTaH U Iperiapara
«TemmucTay, SMITUPUYECKHU ONPEeIeICHBI YCIOBUS PErUCTPAIIH aHATUTHIECKOTO CHTHAJIA: PACTBOPUTEND —
0,01 M. NaOH, nnuna BosiHBI BO30Y)aeHUS — 290 HM, AJIHA BOJTHBI JTIOMUAHECHEHIINH — 365—-490 HM,

mapaMeTpsl cTpoba — 3agepkka curHnana 0,70 MKc, IIUTENbHOCTh curHaia — 4,70 Mmxc. Ha ocHOBe
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MOJIYYCHHBIX CIIEKTPOB ObljIa OCTPOCHA KAJTMOPOBOYHASI 3aBUCUMOCTh HHTCHCUBHOCTH CUTHAJIA
OT KOHIIEHTPAIINH BEIISCTBA W PACCUNTAH OTHOCUTEIBHBIM KBAHTOBEIHN BBIX0[. [loryueHo BiHsiHUE
pacTBopuTeNel pU pa3IMyHbIX 3HaYeHUIX pH Ha MHTEHCUBHOCTH AaHAJTUTUYECKOTO CUTHAIA B MOJIEITLHOM
pacTtBOpe. YCTaHOBIICHO, YTO HAMOOMbIIasl HHTCHCUBHOCTD TIOMUHECIIeHITH Habmonanack B 0,01
M NaOH. KonnuecTBeHHOE onpezaeneHue npenapara « TeamMucTa» B MOAEIBHOM PACTBOPE IPOBOAIIIN
bayopumeTpudeckum MeToaoM. OIpeesieHbl YCIOBHS JSTEKTHPOBAHUS CUTHAIIA B IJIa3Me KPOBU
4enoBeka. DTOT METOJl XapaKTePU3yeTCsl BHICOKOU CeNIEKTUBHOCTHIO, TOUHOCTBIO M 1YBCTBUTEIBLHOCTBIO.
Huskuii ypoBeHb CIEKTPabHBIX IIOMEX ITO3BOJISICT O0HAPYIKUBATH CJIA0bIC aHATUTUICCKIE CHTHAIIBL.
YcTaHOBIIEHO, YTO BXOSIIME B COCTAB Mpenapara « TemMucTay BCIoMOoraTeIbHbIe BEIECTBA — METTTYMHUH,
moBu10H-K30, makTo361 MOHOTHApAT, copouT (E420), MarHus creapaT — He OKa3bIBAIOT MEIIAIOIICTO
BJIMSTHUSI HA HHTEHCUBHOCTh CUTHAJIA, MMOCKOJBKY CIIEKTPHI MOTJIOMIEHUS 3TUX BCIIOMOTATEIbHBIX
BelecTB HaxonaTcs B oomactu 500 uMm [1: 40].

Jns hayopuMeTpruecKoro aHaiu3a TeJIMHCAPTaHa YaCTO UCIIOJb3yeTCs BRIOpaHHAsi KOMOWHAIIUS
MIPOIYKTOB XMMHUYECKON peaknu, Ha3biBaeMas peareHToM DJJAC (3THIeHAHAMIH, U THIMOHOKCHM,
cynbdut HaTpus). B pe3ynbrate peakiuun 00pa3yeTcs TOBapHAs TOMOT'€HHAS CMECh, KOTOPAst TIOTJIOIIAET
CBET OIpeACIICHHON JUIMHBI BOJHBI M H3Jy9aeT CBET UMEHHO B TOM JIHAaIa30He, KOTOPHIi TO3BOJISACT
TOYHO U3MEPHUTH KOHIIEHTPALIMIO TeJIMUCApTaHa.

Braromapst cBoelt IOBBIIEHHOW YyBCTBUTEIIBHOCTH (DIIYOPUMETPUUCCKAN METOJT aHATIN3a SBIISCTCS
OY€Hb IMOJIE3HBIM HHCTPYMEHTOM JIJIs1 U3MEPEHUS KOHIICHTPAI[MK TeJIMUCapTaHa B MJIa3Me YeIOBeKa.
Boree Toro, oH criocoOeH 00HAPYKUBATH UPE3BHIYAHO MaJIbIe KOJIMYECTBA JICKAPCTBEHHOTO BEIICCTBA,
YTO JIeJaeT ero 0COOEHHO MOJIE3HBIM JIJISI KITMHUYECKUX UCTIBITAHUN U aHaln3a JekapcTB. OHAKO
AKCIpecc-MeTo ] (PIyOopUMETPUIECKOTO OIPEICIICHUS TSIMHUCAPTaHa MHOTOKPATHO YCKOPHUT IIPOIIecC
MOJTy4YeHU s aHATU30B marueHToB. C 1eNblo pa3paboTKH TaKOTO METOoa OBbLITY TOJTyYEeHBI pe3yJIbTaThl,

OIIMCAaHHBIC B Z[aHHOﬁ CTaThC.

KualoueBnble cioBa: TeJIMUCAPTaH, (l)HYOpI/IMeTpI/IH, JJIOMUHECIHCHIIUA, HMHTCHCUBHOCTH CUI'HAJa,

9KCIIPECC-METO ] (DITYOPUMETPUICCKOTO OMPEICIICHHS.

BbuaaroxapuocTu. Pabora BeimosHeHa nipu noaaepxke ['ocynapcTBeHHoro 3aganus Poccuiickoit
Denepannn «Hayka». [Ipoext FSWW-2023-0008.

Hutuposanue: AnekceeBa M. M., Koporkosa E. 1. HccnenoBanue GuryopecieHTHBIX CBOMCTB TEIMUCAPTAHA C LETbI0 Pa3padoTKH
9KCIpecc-onpeaeneHus B miasme kposu. JKypa. Cub. dpenep. yu-ta. Xumus, 2024, 17(2). C. 196-206. EDN: KQRZZX

Introduction
A relevant group for investigating the fluorescence properties of drugs is the nonpeptide selective
ATl-receptor blockers. Drugs of this group refer to antihypertensive agents used to treat high blood
pressure.
By chemical structure, nonpeptide AT1-receptor blockers can be divided into 3 main groups:
— Biphenyl tetrazole derivatives: losartan, irbesartan, candesartan, valsartan, and tazosartan;
— biphenyl non-tetrazole compounds: telmisartan;

— non-biphenyl non-tetrazole compounds — eprosartan.
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According to their pharmacological activity, AT1-receptor blockers are divided into active dosage
forms and prodrugs. For example, valsartan, irbesartan, telmisartan, and eprosartan themselves have
pharmacological activity, whereas candesartan cylexetil and azilsartan medoxomil are prodrugs
[2: 686]. Telmisartan is of the greatest research interest because of its availability and widespread
use in thrombosis therapy. For quality control of drugs containing telmisartan, the most commonly
used method is high-performance liquid chromatography [3: 108]. However, the development of new
alternative methods for quantitative determination of telmisartan in biological fluids, in order to control
the dosage, is quite an urgent task. Telmisartan is a drug that belongs to the group of angiotensin
IT AT1 receptor antagonists. It is used as a treatment for hypertension (high blood pressure) and to
prevent complications associated with hypertension, such as strokes, myocardial infarctions, and
other cardiovascular diseases.Telmisartan research is relevant from several perspectives. First, the
drug is used in clinical practice, so further research could lead to improvements in the way it is used
and the outcomes of hypertension treatment. Secondly, telmisartan can be used in treatment of other
diseases related to activation of renin-angiotensin-aldosterone system, such as chronic kidney disease,
diabetic nephropathy and others. Telmisartan research could also lead to improved treatments for
these diseases.Third, telmisartan is the subject of research to develop new drugs that may be more
effective in the treatment of hypertension and other diseases. For example, research into the synthesis
of new molecules or biological markers could lead to new drugs that would be more selective and
more effective in treating various pathologies.Thus, telmisartan research is important for clinical
practice, the development of new drugs and more effective treatment of diseases related to the renin-
angiotensin-aldosterone system.

In this work we investigated fluorescent properties of telmisartan in order to develop a method for
its quantitative determination in biological fluids by fluorescence method, which has high sensitivity,
low cost of analysis and expressiveness.

“Fluorat-02 Panorama” (produced by LLC “Lumex”, St. Petersburg) is a classical research
spectrofluorimeter. In fluorimetric obtained, the spectral characteristics of excitation and/or emission
of luminescence of the In fluorimetric obtained objects at the moment of exposure to pulses of
excitation light are measured. When investigating chemo- or bioluminescence, the intensity of the
sample’s own luminescence caused by chemical or biological processes in it is recorded. Installation
error of monochromators is not more than 3 nm. The signal-to-noise ratio is 100/1.

The development of a methodology for the quantitative determination of telmisartan in human
plasma is of great importance for clinical practice and research in the field of pharmacokinetics
and pharmacodynamics. Having an accurate and reliable methodology will make it possible to
study telmisartan plasma concentrations in humans in different situations: before and after drug
administration, at different points in time, and at different dosages. This will allow more accurate
prediction of treatment efficacy and determination of the need for dose adjustments. In addition,
the technique of quantifying telmisartan in plasma will allow a more accurate study of the drug’s
pharmacokinetic parameters, such as absorption rate, distribution, metabolism and excretion. These
data may be useful for a better understanding of the mechanisms of telmisartan action, as well as for
the development of more effective drugs based on this drug.

The telmisartan quantification technique may also be useful for monitoring therapy and determining

whether the resulting telmisartan concentrations are as expected. This is especially important when
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using this drug in the treatment of patients with chronic diseases, such as hypertension, where it is
necessary to maintain a certain concentration of the drug in the blood in order to achieve effective
blood pressure control. Thus, the development of a methodology for the quantification of telmisartan in
human plasma is of great importance for clinical practice and research in the field of pharmacokinetics

and pharmacodynamics.

Materials and Methods

Due to the lack of data on the luminescent analysis of telmisartan in blood plasma or other biological
fluids, the conditions of detection were chosen empirically. A standard solution of Telmisartan and the
investigational drug Telmista produce a signal at the same wavelength.

The object of the analysis is the drug “Telmista”, film-coated tablets produced by KPKA,
Slovenia, dosage 40 mg. Excipients: sorbitol — 149.84 mg, lactose monohydrate — 60 mg,
meglumine — 12 mg, povidone K30-12 mg, sodium hydroxide — 3.38 mg, magnesium stearate —
2.8 mg. A comparison sample was prepared using the pharmaceutical substance Telmisartan
manufactured by Sigma-Aldrich, USA. Solutions of 0.01M NaOH, 0.01 M HNO3, and 0.01 M
phosphate buffer solution (pH = 7.0) were chosen to investigate the effect of solvent. Sample
preparation of test samples: 10 mg of crushed tablets of Thelmist was placed in 100 ml volumetric
flasks, solvents were added and samples were diluted 10-fold. A cuvette with the analyzed solution
was placed in the cuvette compartment, the excitation wavelength was set to 290 nm, and the
luminescence registration spectrum was recorded.

The research was carried out on a spectrofluorimeter “Fluorat-02 Panorama” manufactured
by “Lumex” company, St. Petersburg.. The instrument is designed for various spectral-kinetic,
spectrofluorimetric, bioluminescent and chemoluminescent research of the analysis of the objects in
a wide wavelength range. Spectrofluorimeter has an interdisciplinary range of applications, it is used
for environmental research of aquatic environments and petroleum products, scientific research on
measurement of spectral characteristics of luminescence and luminescent tags, as well as in medical,
technological and geological research. Fig. 1 shows the intensity of the luminescence spectrum of
telmisartan in 0.01 M NaOH solution (1), which is about 3 times higher than in 0.01 M HNO3 solution
(2) and 5 times higher than in 0.01 M phosphate buffer solution (3). Presumably, this effect is due to the
poor solubility of the tested substance in 0.01 M HNO3 and 0.01 M FBR solutions, as well as in water
and alcohols.

For further research, therefore, 0.01 M NaOH solution was chosen as the solvent.

The method of external standards was used to construct the calibration curve. The standard
solutions of telmisartan in 0.01M NaOH were prepared: 100, 500, 900, 1300, 1700, 2000, 2400 and 2800
ul of telmisartan initial solution with 1 mg/dm? concentration was put into separate 10 ml volumetric
flasks and the solution was diluted to the mark with a solvent. Luminescence intensity of each solution
was measured at Avosb = 290 nm, Alum = 365 nm. Determination of the relative quantum yield of
fluorescence of telmisartan was performed according to the method [4: 645] using fluorescein as a
standard fluorescent substance in 0.01M NaOH aqueous solution with the known fluorescence quantum
yield (ofl = 0.92). For this purpose, diluted solutions (~5—-10—6 M) of telmisartan and fluorescein in
0.01M NaOH were prepared. The optical densities of the solutions at absorption maxima of 375 nm

(fluorescein) and 365 nm (telmisartan) did not exceed 0.01.
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Fig. 1. Spectrum of telmisartan solution in different pH-solvents

Results and discussion

The peak of the main substance was recorded in the wavelength range of 350—370 nm with full
fluorimetric correction.

Relative quantum yield of telmisartan fluorescence (¢fl) was calculated by formula (1):

So XA
Ppn. = ﬁ x 0,92 M

where S 1, S 2 are areas under fluorescence spectra, and Al, A2 are optical densities of fluorescein and
telmisartan solutions.

The calculated relative quantum yield of telmisartan fluorescence was 0.69. Thus, telmisartan is
an intensely fluorescent substance, indicating that direct fluorescence determinations are possible at
relatively low concentrations of the substance in solution.

Fig. 2 shows the luminescence spectra of telmisartan substance using a single region overlay. The
signal has the highest intensity at a wavelength of 365 nm.

Fig. 3 shows a graduation diagram of the dependence of signal intensity on the telmisartan content
in the model solution. The equation of dependence of analytical signal on telmisartan concentration
has the form y = 79.996x, and the correlation coefficient is 0.9745.

The linear range of the determined contents was 0.01-0.3 mg/dm?3. The calculated detection
limit was 0.0004 mg/dm?>. For investigating the stability of telmisartan in solution, the luminescence
spectra of the model solution freshly prepared and after 24 hours were taken. The peaks on the
luminescence spectrum have differences in height, i.e. the signal intensity decreases after 24 hours
(Fig. 4). However, the peaks have the highest intensity at 365 nm in both measurements. After

24 hours, the telmisartan peak has a double peak. The data obtained indicate a decrease in the
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Fig. 2. Luminescence spectrum of telmisartan
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Fig. 3. Graduation chart. Dependence of signal intensity on telmisartan concentration in solution

concentration of the main substance in the solution over a short period of time, which is obviously
related to the oxidation process of telmisartan. Only using a fresh solution should be used for further
research.

In summary, in the course of research, the conditions were selected and the detection range of
the telmisartan peak in the preparation “Telmista” was determined, the relative quantum yield of the
substance was calculated and a graded diagram of the dependence of signal intensity on concentration
was constructed. substance in solution was constructed. The effect of solvents in different pH-conditions
on the intensity of the analytical signal in the model solution was studied. It was found that the greatest

intensity of luminescence is observed in 0.01 M NaOH.
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Fig. 4. Luminescence spectrum of the preparation immediately after preparation (1) and after 24 hours (2)

To determine Telmisartan in biological objects, human blood plasma was used, as it is known that
this substance binds to blood plasma proteins, mainly to albumin and alpha-1 glycoprotein by 99.5 %.
Using two-dimensional scanning, the maximum signal intensity of the sample was determined at
a wavelength of 490 nm (Fig. 5), while in standard conditions of spectral measurements the wavelength

is determined at 365 nm (Fig. 6).

Fig. 5. 2D scan spectrum Telmisartan in blood plasma
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Methodology of the experiment:

Human blood plasma, previously thawed and brought to human body temperature. The
pharmaceutical substance telmisartan manufactured by Sigma-Aldrich, USA >98 % was used for the
experiment. In a flask of 10 dm? volume was added a standard solution of the substance telmisartan
at a concentration of 0.01-0.1 mg/dm?, pre-dissolved in isotonic solution of 100, 500, 900, 1300ul, the
volume of the working solution was brought to the mark with the plasma solution. Measurements were
made in three replays.

The results of telmisartan plasma concentration measurements are summarized in Table 1. The
measurements were performed in three repetitions. The concentration of the substance was in the

range of 0.01-0.1 mg/dm3, wavelength 365 nm.

Signal intensity, r.u.

d T ¥ T T T T T T T
200 320 340 60 280 400 420 440 460 480 500
Wavelength, nm

Fig. 6. Telmisartan plasma spectra (standard conditions)

Tabnuua 1. Pe3ynbrar n3MepeHusi KOHIEHTPAIUK TeJIMHUCapTaHa B MOJICIbHOM PacTBOPE IJIa3Mbl KPOBH

Table 1. Result of telmisartan concentration measurement in model plasma solution

Measurement Measurement results of replays Average value Concentration
No. (Signal intensity, r.u.) (Signal intensity, r.u.) mg/dm?
1 1,72 1,68 171 1,71 0,01
2 2,79 2,79 2,79 2,79 0,05
3 6,66 6,79 6,79 6,75 0,09
4 9,24 9,55 9,78 9,52 0,1
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Conclusion

The fluorescence properties of telmisartan substance and the drug “Telmista” were considered in
the work, the conditions of analytical signal registration were determined empirically, the influence
of solvents in different pH — conditions on the analytical signal intensity in a model solution was
obtained. It was found that the greatest intensity of luminescence was observed in 0.01 M NaOH. The
relative quantum yield was also calculated and the calibration dependence was constructed. Detection
conditions for telmisartan in human blood plasma were determined.

As a result of this research it was proved that telmisartan is an intensively fluorescent substance,
there is no interfering influence of auxiliary components in the quantitative analysis of the drug. Thus,
further studies and development of express method for quantitative determination of telmisartan in

biological fluids by fluorimetric analysis have sense and practical importance.
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