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ANALYSIS OF APPROACHES TO THE DEVELOPMENT AND VALIDATION
OF THE METHODS OF ANALYSIS OF BISOPROLOL IN DRUGS
AND BIOLOGICAL LIQUIDS

Introduction. Analytical method development is increasingly being introduced into fundamental pharmaceuti-
cal research, taking into account their high sensitivity, accuracy, specificity and expressiveness. Search criteria was
analytical method development for bisoprolol. Literature survey was done in range of years 1990-2018 to make the
review updated and comprehensive and to show the new approaches to the development of the methods of analy-
sis of bisoprolol. The sources were world recognized journals and key words used as filter were bisoprolol, method
development, validation, spectrophotometry, HPLC, UHPLC. The current review is created with an intention to focus
on the advantage of HPLC. However, there is very few analytical methods reported for the simultaneous analysis
of these drugs in a combined dosage formulation by HPLC. In additional, analysis of approaches to the development
of the methods of analysis of bisoprolol in drugs and biological liquids has been shown that HPLC is the most suit-
able method for analyses of bisoprolol in substances, drugs, biological liquids to perform routine analysis of medicines,
pharmacokinetic (bioequivalence in vivo), dissolution test for final dosages forms (bioequivalence in vitro, bio-
waiver procedure).

The aim of the study — to analyze approaches to the development and validation of the methods of analysis
of bisoprolol in drugs and biological liquids.

Conclusions. In light of the benefits discussed in this review, we can conclude that analysts are constantly
working on developing new methods of analysis of bisoprolol in drugs and biological liquids and on their optimization
in order to save time and consumables, which also ensures the efficiency of the developed methodology. Literature
survey revealed that a number of methods have been reported for estimation of bisoprolol individually or in combination
with other drugs. However, there is very few analytical methods reported for the simultaneous analysis of these
drugs in a combined dosage formulation by HPLC.

KEY WORDS: bisoprolol; spectrophotometric method; High-Performance Liquid Chromatography;
quantitative analysis; validation.

Bisoprolol is a synthetic, betal-selective (car-
dioselective) adrenoceptor blocking agent without
significant membrane stabilizing activity or intrinsic
sympathomimetic activity in its therapeutic dosage
range. The chemical name of bisoprolol fumarate
is 1-(propan-2-ylamino)-3-[4-(2-propan-2-yloxyeth-
oxymethyl) phenoxy]propan-2-ol (Fig.). The most
prominent effect of bisoprolol fumarate is the ne-
gative chronotropic effect, resulting in a reduction
in resting and exercise heart rate. There is a fall in
resting and exercise cardiac output with little
observed change in stroke volume, and only a small
increase in right atrial pressure, or pulmonary
capillary wedge pressure at rest or during exercise.

The State Pharmacopoeia of Ukraine (SPhU)
does not have a monograph on the substance of

the definition of bisoprolol fumarate in substances
and tablets. For identification, TLC is proposed
(mobile phase — a mixture of dichloromethane,
methanol and ammonia solution (70:10:0.8). For
the quantitative determination of bisoprolol fumarate
in tablets — HPLC/UV. Chromatographic conditions
for the determination of drug of Bisoprolol Fumarate,
tablets are given in the monograph of the United
States Pharmacopoeia, where chromatographic
column of L7 category and mobile phase consisting
of three components: heptafluorobutanoic acid,
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diethylamine, formate acid are used. Solvent — a
mixture of water and acetonitrile (65:35), mobile
phase rate — 1 ml/min, detection of wavelength —
273 nm. The proposed method of the United States
Pharmacopoeia requires long sample preparation.

The European Pharmacopoeia [2] has a mono-
graph on the substance of bisoprolol fumarate.
Identification of bisoprolol fumarate EPh regulates
to perform the absorption spectrophotometry in the
infrared region and the quantitative determination —
acidimetry non-aqueous titration.

The scientific literature describes the methods
of quantitative determination of bisoprolol fumarate
in drugs and biological fluids by spectrophotometry
[3-12] and chromatography methods [12-35].

Ukrainian scientists Yu. M. Zhuk, S. O. Vasiuk,
I. M. Keitlin developed UV-spectrophotometric
method for the determination of bisoprolol in tablets
by reaction with timol blue. The reaction product
had a maximum absorption at 420 nm. LOD
amounted to 2.19 ug/ml, correlation coefficient —
0.9999 [3].

R. Sahu et al. described the spectrophotomet-
ric method for the determination of bisoprolol fuma-
rate and hydrochlorothiazide in tablets. The maxi-
mum absorption of bisoprolol was observed at a
wavelength of 223 nm, and the hydrochlorothia-
zide —271.6 nm. The method was linear in the range
of concentrations of bisoprolol 2—6 pg/ml and hyd-
rochlorothiazide — 5-15 pg/ml, respectively. The
correlation coefficient of bisoprolol was 0.9994,
hydrochlorothiazide — 0.9971. The developed
method has been successfully applied for routine
determination of bisoprolol fumarate and hydrochlo-
rothiazide in tablets [5].

A. S. Atul et al. also proposed spectrophoto-
metric method for the determination of bisoprolol
fumarate and hydrochlorothiazide in tablets. The
maximum absorption of bisoprolol was observed at
awavelength of 224 nm, and hydrochlorothiazide —
273 nm. The method was linear in the range of
bisoprolol concentrations of 3—21 pg/ml, and hydro-
chlorothiazide — 3-18 pg/ml, respectively. The
method has been completely validated and used
to determine bisoprolol fumarate and hydrochloro-
thiazide in drugs [6].

Scientists S. T. Ulu and E. Kel developed the
spectrophotometric method for the determination
of bisoprolol, which was based on interaction with
7,7,8,8-tetracyanohydomethomethane and 2,3-di-
chloro-5,6-dicyano-1,4-benzoquinone. Solutions of
the complex are colored in the corresponding colors
and are subject to the Bouguer-Lambert-Beer’s law
in the concentration range of 10-60 pg/ml and
10-80 pg/ml, respectively. The proposed method
has been successfully applied to determine biso-
prolol in medical form [7].

A. D. Panainte et al. described the spectropho-
tometric method for the determination of bisoprolol
by reaction with picric acid. The reaction product
had a maximum absorption at 420 nm. The method
was linear in the range of concentrations of 5-
120 pg/ml, the correlation coefficient was 0.9992 [8].

Scientists S. T. Kumbhar, P. P. Shinde,
D. B. Shinde, P. B. Solankar proposed the spectro-
photometric method of determination of bisoprolol,
which was based on the interaction of iron (lll) with
chloride and potassium with ferricyanide with the
formation of blue chromogen with a maximum ab-
sorption of 770 nm. Solutions are subject to the
Bouguer-Lambert-Beer’s law in the concentration
range of 1-13 pg/ml. The proposed method has
been successfully applied to determine bisoprolol
in tablets [9].

R. B. Kakde et al. developed the spectropho-
tometric method for the determination of bisoprolol
and amlodipine in drugs. The maximum absorption
of bisoprolol was observed at a wavelength of
222 nm, amlodipine — 365 nm. The method was li-
near in the range of concentrations of 5-100 pg/ml
of both analytes. The developed method was vali-
dated and successfully applied for the routine de-
termination of bisoprolol and amlodipine in drugs
[10].

A. D. Panainte et al. described HPLC/UV
method for the determination of bisoprolol in tablets
using SB-C18Nucleosil column (125x4 mm) and
mobile phase — a mixture of methanol, acetonitrile,
45 mM of potassium dihydrogen phosphate buffer
solution pH 3.0 (30:25:45, v/iviv), the flow rate —
0.3 ml/min, the detection wavelength — 225 nm.
Bisoprolol retention time was 2.32 min. The method
was linear in the range of concentrations of 0.3—
10 pg/ml. The developed method has been suc-
cessfully applied to study the bioequivalence of
drugs containing bisoprolol [14].

S. Shaikh et al. proposed HPLC/UV method for
the determination of bisoprolol and hydrochlorothi-
azide in tablets using mobile phase — a mixture of
0.1 M phosphate buffer solution, acetonitrile, tet-
rahydrofuran (85:10:5, v/v/v), flow rate — 1.0 ml/min,
wavelength detection — 225 nm. Total retention time
was less than 10 minutes. The method was linear
in the range of concentrations of bisoprolol 50—
150 pg/mland hydrochlorothiazide — 125-375 pg/ml,
respectively. The developed method has been
successfully applied for the determination of biso-
prolol and hydrochlorothiazide in tablets [15].

Reverse-phase HPLC/UV method for the de-
termination of bisoprolol and hydrochlorothiazide
in drugs was developed by S. J. Joshi et al. In the
method there are used the Inertsil chromatographic
column ODS 3V (25 cmx4.6 mm) 5 microm and
mobile phase —a mixture of 0.1 M potassium dihyd-
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rogen phosphate buffer solution and acetonitrile
(70:30, v/v), mobile phase rate — 1.0 ml/min, detec-
tion wavelength — 228 nm. The method was linear
in the range of concentrations of bisoprolol fumarate
2.5-50 pg/ml and hydrochlorothiazide — 6.25—
125 pg/ml. LOD —0.01 pyg/ml of both analytes. LOQ
of bisoprolol —0.03 pg/ml and hydrochlorothiazide —
0.05 pg/ml. The developed method has been suc-
cessfully applied for the determination of bisoprolol
fumarate and hydrochlorothiazide in drugs [16].

G. Arjun et al. described HPLC/UV method for
the determination of bisoprolol in tablets using
Gracesmart RP18 chromatography column, 5mcm
(150 mmx4.6 mm) and mobile phase —a phosphate
buffer solution pH 4.5 and acetonitrile (82:18, v/v),
flow rate — 2.0 ml/min, wavelength of detection —
225 nm. The method was linear in the range of
50-500 pg/ml, correlation coefficient — 0.99921.
The developed method has been successfully
applied for the determination of bisoprolol fumarate
in tablets [17].

Scientists E. Dinc, Z. C. Ertekin, G. Rouhani
proposed UHPLC/UV method for the determination
of bisoprolol and hydrochlorothiazide in tablets
using experimental design 3*. Column temperature,
mobile phase rate and 0.1 M N,PO, percentage
were chosen as investigating factors. The most
suitable chromatographic conditions were the tem-
perature of column —58.2 °C, mobile phase rate —
0.37 mi/min and 23.6 % (0.1 M H,PO,). Total
chromatography time was 0.6 min. Chromatography
time of bisoprolol — 0.323 min, hydrochlorothiazide —
0.409 min. The method was linear in the range of
concentrations of bisoprolol 8.0—40.0 pyg/ml, hydro-
chlorothiazide — 2.0-26.0 pg/ml. One of the benefits
of UHPLC/UV is rapidity that was illustrated as an
example of the development of this method, which
was used to determine bisoprolol fumarate and
hydrochlorothiazide in tablets [19].

S. Kurbanoglu et al. developed UHPLC/UV
method for the determination of bisoprolol and
hydrochlorothiazide in drugs and biological fluids
using chromatographic column Acquity UPLC BEH
C18 1.7 pym (2.1x50 mm) and mobile phase — a
mixture of acetonitrile and phosphate buffer solution
pH 3.0, wavelength detection — 225 nm. The meth-
od was linear in the range of concentrations of bi-
soprolol 0.5-250 pg/ml, hydrochlorothiazide —
0.5-150 pg/ml, LOD and LOQ of bisoprolol was
0.07 pg/ml and 0.21 pg/ml, LOD and LOQ hydro-
chlorothiazide — 0.01 pg/ml and 0.03 pyg/ml, respec-
tively. The developed method has been success-
fully applied for the determination of bisoprolol and

ped method uses a Luna C18-2 column (3 p,
50x4.6 mm ID) and mobile phase — a mixture
25 mM of acetate buffer solution pH 5.0 and meth-
anol (65:35, v/v), mobile phase rate — 0.8 ml/min,
detection wavelength — 230 nm. Chromatography
time of bisoprolol — 1.45 min, amlodipine — 3.91 min.
The method was linear in the range of concentra-
tions 8-33 pg/ml. The developed method was used
to determine bisoprolol and amlodipine in drugs
[24].

J. Bhatt et al. proposed HPLC/MS method for
the determination of bisoprolol in blood plasma
using the chromatography column Betabasic 8 co-
lumn and internal standard — metoprolol. Total time
of chromatography was 0.9 min. The developed
method has been successfully applied for the de-
termination of bisoprolol in blood plasma and the
study of pharmacokinetics [26].

Gabriela Peste et al. developed HPLC/MS
method for the determination of bisoprolol in blood
plasma using a Zorbax SB-C18 Solvent Saver Plus
chromatographic column, 3x100 mm, 3.5 ym and
mobile phase — a mixture of 0.1 % formate acid pH
3 and acetonitrile (50:50, v/v) [27]. Chromatography
time of bisoprolol was 1.7 min. The method was
linear in the range of concentrations of 1-100 ng/ml,
correlation coefficient — 0.99859. The developed
method has been successfully applied for the de-
termination of bisoprolol in blood plasma and the
study of bioequivalence [28].

Reverse-phase HPLC/UV method for the de-
termination of bisoprolol and metoprolol in blood
plasma was described by A. J. Braza, P. Modamio,
C.F. Lastra, E. L. Marino. In the developed method
is used the chromatographic column Nucleosil C
(18). Chromatography time of bisoprolol — 8.7 min,
metoprolol — 3.2 min. The method was linear in the
range of concentrations of both analysts 6.25—
200 ng/ml. The developed method has been suc-
cessfully applied for the determination of bisoprolol
and metoprolol in blood plasma and the study of
pharmacokinetics [29].

Scientists G. Hemavathi and S. M. Hipparagi
proposed the bioanalytical method for the determi-
nation of bisoprolol and triamterene in blood plasma
using the chromatographic column Welchrom XB
C18, 50%4.6 mm, 5 ym, mobile phase — a mixture
of 2 mM ammonium formate and acetonitrile (70:30,
v/v) and internal standard — metoprolol, mobile
phase rate — 0.60 ml/min. Total chromatography
time was 3.5 min. Bisoprolol retention time —
2.57 min, triamterene retention time — 1.30 min. The
method was linear in the range of concentrations

hydrochlorothiazide in tablets and urine [23]. of both analytes 2.04—210 ng/ml. The developed IS4
Reverse-phase HPLC/UV method for the de- method has been successfully applied for the de- E
termination of bisoprolol and amlodipine in tablets termination of bisoprolol and triamterene in blood ~
was described by D. Voraand A. Kadav The develo-  plasma and the study of pharmacokinetics [30]. o
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L. Ding et al. developed HPLC/MS method for
the determination of bisoprolol in blood plasma
using the chromatographic column ZORBAX SB-
C18 and mobile phase — a mixture of 10 mM am-
monium acetate buffer solution with addition of
0.1 % formic acid and acetonitrile (32:68, v/v). The
total time of chromatography was 5 minutes. The
method was linear in the range of concentrations
of 0.05-120 ng/ml. The developed method was
used to determine bisoprolol in blood plasma and
to study bioequivalence [32].

G.Y. Liu et al. described HPLC/MS method for
the determination of bisoprolol in plasma using the
chromatography column Capcell Pak C (18) MG llI
column (100 mm x 2.0 mm, 5 microm) and internal
standard — 5-bisoprolol isotope. The method was li-
near in the range of concentrations of 0.5-100 ng/ml.
The developed method has been successfully
applied for the determination of bisoprolol in blood
plasma and the study of bioequivalence [33].
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. C. Noroiiga
TEPHOMI/IbCbKNMN HAL[IOHA/'IbHMﬁ MEﬂMqHMﬁ YHIBEPCUTET IMEHI I. 4. TOPBAHEBCbHLKOIO
MO3 YKPAIHW

AHAJTI3 IIAXO/IB 10 PO3POBKM TA BAIIJJAIIf METO/IB AHAJTI3Y
BICOITPOJIO/NY B JIIKAPCHKUX 3ACOBAX I BIOJIOTTYHMX PIMHAX

Pestome

Bcmyn. Po3pobKy aHasimu4Hoi MemMOoOUKU Bce bGi/iblue Brposadxyoms y hyHoaMeHmasibHi thapmayesmuy-
Hi 00C/IOXEHHSI 3 ypaxyBaHHSIM X BUCOKOI 4ymsiusocmi, moYyHoCMI, creyughiyHocmi ma supasHocmi. Kpumepiem
rnowyky 6ys aHasnimu4Hul Memoo po3pobku biconposiosny. O2/1s10 imepamypu nposoousiu 8 nepiod 1990-2018 pp.,
wWo6 3pobumu (i020 OHOBIEHUM Ma BCEOCSHKHUM I moKkazamu HOBI nioxXoou 00 po3pobku Memodis aHasli3y 6iconpo-
nony. [hkepenamu 6y/iu BCeCBIMHBLOBIOOMI XYpPHa/IU, & K/IKHOBUMU C/108aMU 8 sIKOCMI bisibmpa — 6iconposion,
po3pobka Mmemodis, sasioayisi, criekmpoghomomempis, BEPX, YBEPX. [aHuli 02/190 CmBopeHO 3 MEMOHO 30cepe-
OeHHs Ha nepesasi BEPX. O0Hak iCHye Oyxe Masio aHasimu4yHUxX Memoois 07151 0OHOYACHO20 aHas/li3y Yux rperna-
pamis y KoMbiHoBaHiIU sikapcbKili chopmi 3a doromoz20or0 BEPX. AHasi3 rioxoois 0o po3pobku memodis aHaslizy
biconposony 8 npenapamax i 6ios02i4HuUX piduHax rokasas, wo BEPX € HalibisibWw npudéamHumM Memooom O/isi
aHasnizy 6iconporsiosy 8 cybcmaHyisix, iKkapcbKux 3acobax, 6io/102i4HUX piduHax 0715 NPOBeOEeHHs PYMUHHO20 aHa-
713y NIKaPCbKUX 3ac06i8, (hapMakoKiHeMu4HUX 00C/TiOXeHb (bioeksiBaieHMHICMb in Vivo), KIHEMUKU PO3YUHEHHST
(6ioeksisasieHmHicme in vitro, npoyedypa bioselisep).

Mema 0ocnideHHs1 — npoaHasiizysamu rmoxoou 00 po3pobku ma sasidayii Memodis aHaslidy 6icornposiony 8
JliKapCbKux 3acobax i 6ios102i4HUX piOUHax.

BucHosku. Y csimi nepesaz, siki 062080pt0B8asiu 8 UbOMY 02715901, MOXHa 3p0bumu BUCHOBOK, WO XiMiKU-aHa-
JIMUKU nocmilHo rpayrorme Had Po3pPO6KOK HOBUX MemMOoJi8 aHas/li3y 6iCOMpPOosIo/y 8 /liKapCbKUX 3acobax i 6ios1o-
2IYHUX piduHax ma ix onmumisayiero 3 MemoK eKOHOMII Yacy | BumpamHux Mamepiasis, Wo makox 3abesrnedye
eghekmusHicmb po3pobsieHoT Memodosioali. [JoCiOKeHHsT Aimepamypu nokasaso, Wo 07151 aHasiy 6iconposiony
iHOuUBIOya/ibHO abo 8 KOMOGIHaYI 3 IHWUMU JlIKapCbKUMU 3acobamu icHye psio Memodis. OOHakK € dy)ke Masio aHasli-
MUYHUX MemModiB, NoBIOOM/IEHUX 07151 0OHOYACHO20 aHasli3y Yux rpenapamis y KoM6iHosaHIl nikapchbkili hopmi 3a
dornomozoro BEPX.

KNKOYOBI C/IOBA: Giconpornosn; cnekTpohoToMeTpUUHNIA MeToA,; BUCOKOeheKTUBHA pigMHHA Xpoma-
Torpacpifi; KinlbKiCHWIA aHani3; Banigauyis.
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OIJIA/

N. C. Noroiiga
TEPHOMO/IbCKU HALIMOHATbHBIV MEAVNLMHCKA YHUBEPCUTET UMEHM U. . TOPBAYEBCKOIO
MO3 YKPAVIHbI

AHAJIN3 I10AX0J40B K PABPABOTKE U BAJINJAITNN METOJ0B AHAJIN3A
BN COITPOJIOJIA B JIEKAPCTBEHHBIX CPE/JICTBAX 1 BMOJIOTUYECKUX
KNUAKOCTAX

Pesiome

BcmynneHue. Pazpabomky aHasiumuyeckol MemMOOUKU BCe 60/blie BHEOPsItom 8 chyHOaMeHmaslbHble ghap-
mayesmuyeckue Ucc/1e008aHuUsi C yu4emoM UX BbICOKOU 4yBCMBUME/IbHOCMU, MOYHOCMU, crieyughudHocmu u
BblpasumesibHocmu. Kpumepuem roucka bbi1 aHasiumuyeckuli Memod paspabomku éuconposiona. O630p 1ume-
pamypsbi Nposodusiu 8 nepuod 1990-2018 az., Ymobbi coesramb €20 06HOB/IEHHBIM U BCEOOBLEM/IOWUM U r1oKasa-
Mb HOBbIE MOOX00b! K pazpabomke Memodoos aHasiusa buconposiona. VicmoyHukamu 6b1/1u BCEMUPHOU3BECMHbIE
)KYPHa/Ibl, a K/Il04eBbIMU C/10BaMu 8 Kadecmse husibmpa — 6ucornposiosn, paspabomka Memooos, sasudayus,
criekmpoghomomempusi, BOXKX, YBIXKX. [aHHbIl 0630p c030aH C Ue/lbio COCPeO0MOUYeHUsT Ha rnpesocxoocmae
B3)KX. O0Hako cywjecmsyem 04eHb MaJio aHa/lumu4YyecKux Memooos 07151 0OHOBPEMEHHO20 aHas/lu3a amux rnpe-
rnapamos 8 KOMbUHUpPOBaHHOU /iekapcmBeHHOU ¢hopme ¢ nomowbto BOXKX. AHasiu3 nooxodos K paspabomke
Memodoo8 aHasiu3a 6ucornposiosa 8 npenapamax u buoo2uHecKux XUoKocmsix rnokasasa, 4ymo BOXKX seisemcs
Haubosiee nooxooswuM MemodoM 07151 aHa/lu3a 6UCOMpPo/o/ia 8 CybcmaHyusixX, /1eKapCmMBEHHbIX cpedcmaax,
6U0/102UYECKUX XXUOKOCMSIX 07151 IPOBEOEHUST PYMUHHO20 aHas/lu3a /IeKapCmBEeHHbIX cpedcms, (hapMakoKuHemu-
4yecKux ucciedosaHull (6uU03KBUBa/IEHMHOCMb iN ViV0), KUHEMUKU pacmsopeHusi (6u03KBUBa/IeHMHOCMb in Vitro,
rpoyedypa buoselisep).

Lesb uccnedoBaHus — ripoaHasiu3uposams nooxoobl K paspabomke u saiudayuu Memooos aHasiu3a buco-
Mpo/10/1a B8 /IEKAPCMBEHHbIX CpeOCMBax U 6U0/102U4ECKUX XXUOKOCMSIX.

Bbi800bI. B cBEME npeumyujecms, Komopble 06Cy»x0a/iu 8 3MoM 0630pe, MOXXHO coe/lamb BbIBOO, YMO Xu-
MUKU-aHa/lUmuKu foCcCmosiHHO pabomarom Hao paspabomkoli HoBbIX MEMOO0B aHa/lu3a 6uconposiosia 8 /iekap-
CMBEHHbIX cpedcmaax U 6uo102UdecKUX XXUOKOCMSIX U UX onmumu3ayueli ¢ Yesibio 3KOHOMUU BPEMEHU U pacxoo-
HbIX Mamepuasios, Ymo makxxe obecrieyusaem aghghekmusHOCMb paspabomaHHol Memodosioauu. MicciedosaHue
Jiumepamypsbl rokasasio, 4Ymo 0718 aHasiu3a buconposio/sia UHOUBUOAYa/IbHO UJIU B KOMGUHaYUU ¢ Opy2uMu /iekap-
CMBEeHHbIMU cpedcmaaMu cyujecmsyem psio Memooos. OOHaKO0 04eHb Masi0 aHa/IUMUYeCKUX Memooos, COObUEeH-
HbIX 07151 OOHOBPEMEHHO20 aHas/lu3a 3mux rnpenapamos 8 KOMOUHUPOBaHHOU /iekapcmBseHHOU ¢hopme ¢ MOMOWbIO
B3OXX.

KNHKOUEBLIE C/TOBA: 6uconponon; crnekrpototoMeTpuueckuini metop,; BbiCOKO3(hhekTMBHAA Xua-
KOCTHasi xpoMatorpacusi; KomuecTBEeHHbI aHaIn3; Baiuaauus.
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