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Development and validation of HPLC/UV-procedures
for quantification of metronidazole in blood and urine

Metronidazole belongs to the group of antiprotozoal medicines and widely used for the treatment of infec-
tious diseases; the medicine has a number of side effects manifested by usual symptoms of acute intoxication,
especially when interacting with other drugs and alcohol.

Aim. To apply the system of MiLiChrome® A-02 HPLC-analyzer widely used in the Ukrainian laboratories of
forensic toxicology for the metronidazole quantitative determination in biological fluids and carry out validation of
the procedures developed.

Materials and methods. The sample preparation of blood and urine was carried out by extraction with ace-
tonitrile and 2-propanol followed by separation of the organic layer under the conditions of the aqueous phase
saturation with ammonium sulfate. Previously blood and urine were treated with acids. Isolation was carried out
in the strong acid, neutral and weak alkaline medium.

Results and discussion. To find the optimal conditions of the sample preparation such validation parameters
as specificity/selectivity and recovery were determined. The results of the blank samples analysis were acceptable
for all variants of the sample preparation procedures. Recovery values were reproducible for all procedures of
analysis studied, but efficacy of metronidazole isolation was variable — from 85 % to 97 %. The results of verifica-
tion of metronidazole stability showed the necessity to carry out all measurements within 12 hours after obtaining
the solutions to be analyzed. The results of determination of linearity, accuracy and precision were the evidence
of acceptable systematic and random errors of the HPLC/UV-procedures studied in the variant of the method of
calibration curve, method of standard and method of additions.

Conclusions. The set of HPLC/UV-procedures for the metronidazole quantitative determination in blood
and urine has been developed. Validation of the procedures developed has been carried out.

Key words: metronidazole; high-performance liquid chromatography; blood; urine; sample preparation;
validation; method of calibration curve; method of standard; method of additions

1. 1O. KnumeHko, I. J1. Wkapnar, 3. B. LUoBkoBa, O. B. KonicHuk

HauioHanbHul chapmauesmuyHuUl yHisepcumem

Po3pob6ka i Banigauis BEPX/Y®-meToouk KinlbKicCHOro BU3Ha4eHHs MeTpoHigasony

B KpOBIi Ta ceui

MeTpoHigason HanexvTb A0 rpyn aHTUNPOTO30MHNX 3acobiB i LUMPOKO 3aCTOCOBYETLCA AN MiKyBaHHS iHek-
LiHUX 3aXBOpPIOBaHb; Npenapar Mae pag nobivyHNX eekTiB, WO BUSBNATLCS 3BUHaNHUMM CUMITOMaMM roCcTpOi
iHTOKCMKaLii, 0cOGNMBO Npu B3aeMOZIi 3 iHLUMMYK NpenapaTtamu i ankoronem.

MerTa. 3actocysatu cuctemy BEPX-aHanizatopa MiLiChrome® A-02, L0 LIMPOKO BUKOPUCTOBYETLCS B YKpaiHCbKNX
CYL,0BO-TOKCUKOMOriYHMX rlabopaTtopisx, ANS KiNbKICHOrO BU3HAa4YEHHS METPOHiAa3ony B GionoriyHnx pigmHax i
npoBecTV BanigaLito po3pobneHnx MeToauk.

Martepianu Ta meToau. MNpoboniaroToBKy KPOBI i CeYi NpOBOAUNY LLUMNSAXOM €KCTPaKLii aLueToHITpUIoM i i3o-
NponaHonom 3 NnoganbLUUM Big4iNneHHAM OpraHiYHoro wapy B yMOBax HaCM4YeHHst BOAHOI ha3n amoHito cynbda-
ToMm. MNonepeaHbo KPoB i cevy 06pobnsnu kucnotTamu. 13onoBaHHS NPOBOAUNN B CUMbHOKMUCIIOMY, HEATParbHO-
MY i cnabKony>KHOMy CepefioBuLL.

PesynbraTtyi Ta ix o6roBopeHHs. [Ins nigbopy onTrmansHux yMoB nNpo6onigrotToBku Gyny BU3HaYeH  Taki
BanigauinHi napameTpm sk cneundidHICTb/CeNneKTUBHICTL i CTyNiHb i3ontoBaHHsA. PedynbsraTtu aHanisy blank-npo6
NPUNHATHI 4N BCiX BapiaHTiB npoueayp NnpoboniarotoBkn. 3Ha4YeHHS CTYMeHs i30N0BaHHS BiATBOPIOBaHi ANng
BCiX BMBYEHMX Npoueayp aHanidy, ane eeKkTUBHICTb BUAINEHHA MeTpoHiaasony pisHa — Big 85 % no 97 %.
PesynsraTty nepesipku cTabinbHOCTI METPOHIAA30My Nokasanu HeobXiAHICTb NPOBEAEHHS BCIX BUMIptOBaHb BMpoO-
[0BX 12 roguH nicns oOTpUMaHHA aHanisoBaHMX PO34nHiB. PesynbtaTti BU3Ha4YeHHS MiHINHOCTI, MpaBuUibHOCTI Ta
NPeLmM3INHOCTI CBiAYaTh NPO JOMYCTUMICTb CUCTEMATUYHMX | BUNAOKOBUX MOMUIIOK AocrimpkeHnx BEPX/Y®-metoamk y
BapiaHTi MeToaly kanibpysarnbHoro rpagika, MeToly CTaHaapTy Ta MeToay A400aBokK.

BucHoBku. Po3pobneHo komnnekc BEPX-meToauk Ans KinbkKiCHOro BU3Ha4YeHHs1 METPOHIAA30ry B KPOBI i cevi.
lMpoBeneHo BanigaLito po3pobneHx METOANK.

Knrouoei croea: MeTpoHigason; BucokoedeKkTMBHa pignHHa XxpomaTtorpadisi; KpoB; ceya;
npobonifarotToBka; Banigauis; MeTog kaniopysanbHoro rpadika; Mmetoq ctaHAapTy; Metod AobaBok

J1. 10. KnumeHko, I. J1. Wkapnart, 3. B. LLloBkoBas, E. B. KonecHuk

HauyuoHanbHbIU hapmayesmuydeckuli yHusepcumem

PaspaboTtka u Banugaumsa BIOXKX/YD-mMeToaUK KONTMYECTBEHHOIO onpeaerieHus

MeTpoHMAaa3ona B KPOBU U Mo4e

MeTpoHmnaa3on OTHOCUTCS K rpynne aHTUNPOTO30MHbIX NPENapaToB 1 LUMPOKO NPUMEHSIETCS ANS NevYeHns
MHPEeKUMOHHbIX 3aboneBaHnii; npenapaT MMeeT psiA NOB0YHBIX 3MEKTOB, NPOABASIOLLMXCS 0ObIYHBIMU CUMMTO-
MaMm1 OCTPOW MHTOKCUKaLIMKN, OCOBEHHO NpW B3aMMOAEWCTBUM C APYrMMU NpenapataMu 1 ankoronem.

Lenb. MNpumennTs cnuctemy BOXKX-aHanmsatopa MiLiChrome® A-02, LIMPOKO UCMOMNb3yeMyto B YKPaUHCKMX
cyAebHO-ToKCHKOoMornyecknx naboparopusix, ANsi KONMMYECTBEHHOTO ONpeaeneHns MeTpoHngasona B Guonoru-
YECKMX XMOKOCTAX 1 NPOBECTU Banuaauuio paspaboTaHHbIX METOAUK.
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Matepuansi u metoabl. [poboONOAroTOBKY KPOBU U MOYM NPOBOAMMAN NMYTEM 3KCTPAKLUM aLeTOHUTPUITOM
1 M30MPONaHONoOM C MOCMNeAyLMM OTAENEHNEM OPraHNYeCKOro Crosi B YCINOBUSIX HACbILLEHUSA BOAHOW (hasbl
ammoHus cynbdaTtoM. NpeagsapuTensHO KpoBb 1 Mody obpabaTbiBanu kucnotamu. MsonmposaHue npoBoannu
B CUINbHOKMCIION, HEMTpanbHOW 1 criaboLLenoyHom cpeae.

PesynkraTthbl 1 ux obcyxaeHue. [ing noabopa onTruManbHbIX YCoBMA NpoOonoAroToBKY Gbinn onpeaeneHsl
Takve BanuAauMoHHbIE NapameTpbl, Kak CneuuduYHOCTL/CENEKTUBHOCTL U CTEMNeHb n3BneYveHus. PedynbraTol
aHanusa blank-npob npvemnembl AMsi BCEX BapMaHTOB npoLeayp npobonoarotoBkn. 3HaYeHUst CTENEHN U3Bre-
YeHUs1 BOCMPOU3BOAUMBI N9 BCEX M3YYEHHbIX MpoLeayp aHanm3a, HO 3EKTUBHOCTb BbIAENEHNS METPOHU-
nasona pasnuyHa — oT 85 % o 97 %. Pe3ynbrathl npoBepku cTabunbHOCTM METPOHMAA30na nokasann Heob-
XOAMMOCTb NPOBEAEHUS BCEX U3MEPEHUN B TedeHue 12 yacoB nocrne nonyyvyeHnst aHanmanpyemMblX pacTBOpPOB.
Pesynbrathl onpegeneHnsa NMHEMHOCTW, NPaBUNbHOCTA N NPELM3NOHHOCTU CBUAETENbCTBYHOT O AONYCTMMOCTH
cucTeMaTMYeCcKMX 1 CryYanHbiX oNBOK n3yv4eHHbix BOXKX/Y®d-meToamnk B BapuaHTe MeTofa kanmbpoBoYHOro
rpacduka, Metoga ctaHgapTa U metofa Jo0OaBok.

BbiBoabl. PaspabotaH komnnekc BOXKX-meToauk anst KonMyecTBEHHOTO onpeaeneHnst METPOHMAA30ma B Kpo-
BM 1 MoYe. lNpoBefeHa Banuaaumsa paspaboTaHHbIX METOAMK.

Knroueenie crioea: METPOHMAA30!; BbICOKOI((EKTUBHAS XKMAKOCTHAsS XpomaTorpadus; KpoBb; MOYa;
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NpoGoMnoaAroToBKa; Banuaauns; MeTof KanvbpoBoYHOro rpadvika; MeToq CTaHaapTa; MeTod 006aBoK

Atthe Analytical Chemistry Department of the Natio-
nal University of Pharmacy (Kharkiv, Ukraine) the re-
search in the field of creating the unified standardized
validation procedures for methods of the analyte quan-
tification in different biological matrices for applica-
tion in forensic toxicology is carried out [1-9]. The main
purposes of such unified standardized validation pro-
cedures are to provide development of the method
with the optimal pre-specified parameters and accep-
tance of the method as legitimate.

As a part of the research mentioned the experi-
ment for development of the method for metronida-
zole quantification in blood and urine using HPLC
was performed.

Metronidazole belongs to the group of antipro-
tozoal medicines and is widely used for the treatment
of infectious diseases caused by Trichomonas, Lamblia,
Leishmania, etc., as well as in the treatment of pep-
tic ulcer associated with Helicobacter pylori [10-12].
The medicine has a number of side effects manifested
by usual symptoms of acute intoxication (giddiness,
nausea, vomiting), especially when interacting with
other drugs and alcohol [13-14]. And the case of inter-
action with alcohol may be lethal for a patient even
when the therapeutic dose is taken [15]. According to
unpublished data metronidazole is identified some-
times in human biological matrices in toxicological
examinations in Ukraine.

Chemically, metronidazole is 2-methyl-5-nitroimi-
dazole-1-ethanol and has the structural formula as
shown in Fig.

HPLC is used to analyze metronidazole in phar-
maceuticals and biological fluids rather widely [16-18].
The main disadvantage of the present procedures

N
Lo

Fig. Chemical structure of metronidazole

is their application exclusively for metronidazole quan-
tification; both chromatographic conditions and sample
preparations are specially chosen to analyze metro-
nidazole. It is usual situation for pharmacokinetic
studies, but in forensic toxicology it is impossible to
use individual procedures for each analyte, it is neces-
sary to use unified methods of sample preparation
and unified screening chromatographic conditions,
so-called HPLC-analyzer system.

Thus, this research was conducted to develop some
HPLC-procedures of metronidazole quantification in
blood and urine using different traditional methods
of sample preparation [19-20] and approved in Ukraine
for application in forensic toxicology. The HPLC-analysis
was carried out using the system of MiLiChrome®
A-02 HPLC-analyzer [21] implemented in practice of
forensic medical laboratories in Russia and Ukraine.
The step-by-step validation of the procedures developed
was performed according to the approaches offered
by us [1-9] to choose the optimal variants of sample
preparation provided high accuracy and precision, enough
sensitivity and specificity, etc. Another aim of our expe-
riment was to accumulate the experience of applica-
tion of the standardized validation procedures offered
for the method development.

Materials and methods

Reagents and chemicals

Metronidazole was of pharmacopoeial purity and
obtained from the pharmaceutical company “Zdorovie”
Ltd. Acetonitrile (99.8 %, anhydrous), hydrochloric acid
(2 37 %, puriss. p.a., ACS reagent, fuming), trichloro-
aceticacid (2 99.0 %, ACS reagent), chloroform (= 99 %,
anhydrous, contains 0.5-1.0 % of ethanol as a stabi-
lizer), methanol (= 99.8 %, puriss. p.a., ACS reagent),
2-propanol (LC-MS CHROMASOLV®), ammonium
hydroxide solution (= 25 % NH, in H,0, puriss. p.a. plus)
were purchased from Sigma-Aldrich Co. LLC (USA).
All other reagents (sodium sulfate anhydrous, ammo-
nium sulfate) were of analytical grade. The chromato-
graphic plates Sorbfil® PTLC-PH (silica gel STC-1HP,
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Process solutions 1-7

Stock solution 1

ms = 250.0 mg
Vmf= 100.0 mL
H,O

Vm.r =100.0 mL
H,0

l

2500 pg/mL

V1 =2.00; 4.00; 6.00; 8.00; 10.00; 12.00; 14.00 mL

50; 100; 150; 200; 250; 300; 350 pg/mL ¢ catbrator _

Calibration samples 1-7
(3 batches from 3 sources)
Vp =1.00 mL
Vmatrix = 10.00 mL

l

5; 10; 15; 20; 25; 30; 35 pg/mL

1

Process solutions 8-11

Stock solution 2
mg=250.0 mg

Vm.f= 100.0 mL Vm.r =100.0 mL
H,0 H,0

2500 pg/mL 50; 100; 200; 350 pg/mL

V2 = 2.00; 4.00; 8.00; 14.00 mL

Model samples 8-11

(3 batches from 3 sources)
Vp =1.00 mL
Vmatrix = 10.00 mL

l

= 5;10; 20; 35 pg/mL

sample
i

C

Scheme 1. The preparation procedure for calibration and model samples of metronidazole for MCC and MS

PETP silica sol, 8 + 12 um fraction, the layer thickness
of 100 um) were purchased from IMID LLC (Russia).

Calibration and model samples

Blank-samples were prepared by spiking 5 sam-

ples (10.00 mL) of the corresponding matrix (blood
or urine) obtained from different sources with 1.00 mL
of distilled water.
The method of calibration curve (MCC) and
the method of standard (MS) - Scheme 1

The stock solutions 1 and 2 (2500 pg/mL) were
prepared by dissolving 250.0 mg of metronidazole
in distilled water, and the solutions were diluted to
100.0 mL with the same solvent. The stock solutions
1 and 2 were diluted with distilled water to prepare:

e the process solutions 1-7 having the concentra-
tions of 50; 100; 150; 200; 250; 300; 350 pg/mL,
respectively;

e the process solutions 8-11 having the concentra-
tions of 50; 100; 200 and 350 pg/mlL, respec-
tively.

Three batches (in 11 samples each) of the cor-

responding matrix (blood or urine) obtained from
three different sources were used to prepare the cali-

bration samples 1-7 and the model samples 8-11 by
spiking 10.00 mL of the matrix with 1 mL of the pro-
cess solutions 1-11, respectively.

After spiking all samples were vortexed for 1 hour
and stored for 24 hours at ambient temperature be-
fore the sample processing.

The method of additions (MA) - Scheme 2

The stock solution 3 (2500 ug/mL) was prepared
by dissolving 250.0 mg of metronidazole in distilled
water, and the solution was diluted to 100.0 mL with the
same solvent. The of addition solution 1 (150 pg/mL)
was prepared by dissolving 75.0 mg of metronida-
zole in distilled water, and the solution was diluted
to 500.0 mL with the same solvent. The stock solu-
tion 3 was diluted with distilled water to prepare
the process solutions 12-17 having the concentrations
of 125; 125; 250; 375; 500; 500 pug/mL, respectively.

Three batches (in 6 samples each) of the cor-
responding matrix (blood or urine) obtained from
three different sources were used to prepare the mo-
del samples 12.1-17.1 by spiking 25.00 mL of the mat-
rix with 1.00 ml of the process solutions 12-17, re-
spectively.

Stock solution 3

ms = 500.0 mg

Vmr=100.0 mL
H,0

l

2500 pg/mL

Process solutions 12-17

V3= 5.00; 5.00; 10.00; 15.00; 20.00; 20.00 mL
Vmr=100.0 mL
H,0

125; 125; 250; 375; 500; 500 pg/mL

Addition 1
ms=75.0 mg

Vims= 500.0 mL
H,0

C,q = 150 pg/mL

v

Model samples 12.1-17.1
(3 batches from 3 sources)
Vp =1.00 mL
Vmatrix = 25.00 mL

sample MA
c

= 5;5; 10; 15; 20; 20 pyg/mL

v v

Model samples 12.2-17.2
(3 batches from 3 sources)
Vsampte =10.00 mL

Vag¢ =1.00 mL

sample MA
c i+ad

= 20; 20; 25; 30; 35; 35 pg/mL

Scheme 2. The preparation procedure for model samples of metronidazole for MA
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After spiking all samples were vortexed for 1 hour
and stored for 24 hours at ambient temperature be-
fore the sample processing.

To prepare the model samples 12.2-17.2 10.00 mL
of the model samples 12.1-17.1 were spiked with
1.00 mL of the solution of addition 1 directly before
the sample processing.

Reference and model solutions

The stock solutions 4 and 5 (100 pg/mL) were
prepared by dissolving 50.0 mg of metronidazole in
0.01 M hydrochloric acid solution, and the solutions
were diluted to 500.0 mL with the same solvent. The re-
ference solution (8 pg/mL) was prepared by diluting
8.00 mL of the stock solution 4 to 100.0 mL with 0.01 M
hydrochloric acid solution. The stock solution 5 was
diluted with 0.01 M hydrochloric acid solution to pre-
pare the model solutions 1-4 having the concentra-
tions of 2; 4; 8 and 14 pug/mlL, respectively.

Blood and urine sample preparation for the me-
tronidazole determination - Scheme 3

Blood: 10.00 mL of blood was diluted with 20.00 mL
of distilled water and processed with 10.00 mL of 10 %
trichloroacetic acid aqueous solution. The mixture was

vortexed for 1 hour, then centrifuged for 5 minutes
at 5000 rpm.

Urine: 10.00 mL of urine was processed with
10.00 mL of 0.1 M hydrochloric acid solution and
then acidified with 6 M hydrochloric acid solution
topH<2.

The next stages were the same for blood and urine.

Procedure 1-1: The supernatant was processed
twice with 10.00 mL of acetonitrile and vortexed for
1 hour each time. After adding 2 g of ammonium sul-
fate the mixture was filtered through the paper filter
(wetted with acetonitrile) into a separating funnel
and salted-out by adding ammonium sulfate till its
dissolution stops. The top organic layer was separa-
ted, filtered through the paper filter with 1 g of an-
hydrous sodium sulfate into a 25.0 mL measuring
flask, and diluted to the volume with acetonitrile.

Procedure 1-2: The supernatant was neutralized
with 25 % ammonium hydroxide solution to pH = 7.
The next stages were as for Procedure 1-1.

Procedure 1-3: The supernatant was alkalified
with 25 % ammonium hydroxide solution to pH = 9.
The next stages were as for Procedure 1-1.

Blood (10.00 mL)

Urine (10.00 mL)

C
v

)<+ )

+ H20 (20.00 mL)
+ 10 % CCI3COOH

(10.00 mL) to pH < 2

+0.1 M HCI (10.00 mL)
+6 MHClto pH < 2

vortex for 1 h
centrifuge for 5 min
at 5000 rpm
separate

vortex for 1 h

<<+25%NH3to pH=7 > <+25%NH3 to pH=9 >>

v

+ amphiphylic solvent (10.00 mL)

CH3CN

) (

)

(CH3)2CHOH

+vortex for 1h

+ amphiphylic solvent (10.00 mL)

CH3CN

) (

(CH3)2CHOH

D

+vortex for1h

+ (NH4)2S0 4

)

separate
filter

organic extract (25.0 mL)

) ()

Scheme 3. The main stages of blood and urine sample preparation for metronidazole quantification
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Procedure 2-1, 2-2 and 2-3: All stages were as
for Procedure 1-1, 2-1 and 3-1, respectively, but
2-propanol was used instead of acetonitrile.

TLC-purification: 10.00 mL of the organic extract
obtained were evaporated at 80 °C to complete re-
moval of the organic layer; a dry residue was dissolved
in ~0.5 mL of chloroform and applied quantitatively
on the start line of the chromatographic plate in the form
of a band of 2 cm in width. 10 pL of metronidazole
standard ethanol solution (1 mg/mL) were applied
in the point (“testifier”) near the band. The plate was
eluted in chloroform twice and then dried out using
the mixture of chloroform and methanol (90 : 10) as
a mobile phase; the “testifier” band was developed
in UV-light, and the spot of brown color in the area of
R, = 0.35-0.55 was observed. The sorbent was care-
fully removed from the plate part with the area of
3 x 1 cm at the level of the “testifier” into a glass bot-
tle with 10.00 mL of 0.01 M hydrochloric acid solu-
tion, the bottle content was vortexed for 5 min and
filtered through the paper filter wetted with 0.01 M
hydrochloric acid solution (eluate). Method valida-

f]\ In-process stability
"~ peak area measuring for the model sample 10
in0,1,12,24,36 and 48 h

sample _ sample o/ . stability
cMM = 872 100%; S,
sample stability|
tabilit 100 % ~— “t
5= e 100 %< max3d = 6.40 %
S

100 %

Analysis of the blank-samples; n =5

=V

S blank

RSDy,,, (blank) = S 100 % < w
Snom t(95 %, n—1)

=6.71%

_ & _ osample
Snom— Smin— 25 %

Specificity/selectivity

absence of peaks with analyte tg
or

S,
Bbiank (25 %) = =same 100 % < Maxdz5 o, = 8.00 %

25 %

tion - Schemes 4 and 5

The complete validation of the method developed
was carried out using matrix (calibration and model)
samples [1-9].

Stability

In process stability of metronidazole was verified
in the way of chromatographing the eluate obtained
for the model sample 10 - immediately and in 1, 12,
24,36 and 48 hours after its preparation, and the sys-
tematic error & was calculated [9] and assessed.

Specificity/selectivity

Blank-samples prepared using 5 different sources
of blood or urine were analyzed; the summarized
peaks areas within the range of t; + 0.5 min from
the corresponding chromatograms were compared
with the mean peak area of metronidazole from the chro-
matograms of the model samples 8 and 9. The value
of §,,,,, was calculated [9] to confirm the specificity/se-
lectivity of the procedures of the analysis developed.

Recovery

Recovery R was determined at the levels of low,
medium and high concentrations in the way of ana-

i Smodel n-k

1
RSDf)?
1) Ag,=t(95%; k-n-1)- %g maxA 4s= 20.00 %

2)R=af+bR.x - af%; sf; bf; SE;
af> t(95%; k-n-2)-s5; bR <t(95%; k-n-2)-sf

ar

3) [100 - R| < max3 = 6.40 %

Recovery
§ample o R.
R=S __100% R=Zri

-

Analysis of the calibration samples 1-7
g=7, k=3 (3 runs- 3 days)

g pafibrator, geallbralor . 95 50, 75, 100, 125, 150, 175 %

1
(calibrator) = s 100 %< M
Snom 495 %; k—1)

RSD

nom

=8.39%

Normalization of the obtained data

calibrator el

i . _ ~mode
-100 %; Creference = Creferenc'eK

reference

X

ifact =
mode/ =3
Sreference ‘R

S.
——"—-100 %; Syeference = 100

reference

Y, =

within-run:
between-run:

Linearity/calibration model
Yk: ak+bk-Xk —> ak; s, b
Y=a+b-X — a;s,; b;s,; RSD; R,

: k; sg; RSDS; Rf

mcc
RSD (< 7.02%; R,=0.9915

mS MA
a: 1)< (95 %;g9 - 2)-s,; 2)< 8.53 %
RSD < 9.93 %; R, > 0.9830

a<i(95%; g-2)-s,
RSD, < 9.93 %; R, > 0.9830

N— N\

Scheme 4. The scheme of stability, specificity, recovery and linearity verification of HPLC/UV-procedures of metronidazole
determination in blood and urine using calibration and model matrix samples
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MCC

Kk
Xk Y- RRF = Xear 100 %
icalc = bk

X,
—1)- RSDfp< maxA e = 14.14 %
5 = \100 RR“\< maxd = 6.40 %

i,fact
Aor=1(95 %; g

Within-run precision (repeatablity) and accuracy

)

MS
vk
Z=—1.100 %
XI fact
NS =195 %; g—1) RSD% < maxA 4= 20.00 %
5" =100- z"\ <maxd=6.40 %

Analysis of the model samples 12.1-17.1
n =26, k=3 (3runs— 3days)

MA
CompleMA L psampleMA - 25, 25, 50, 75, 100, 100 %>

Analysis of the model samples 12.2-17.2
n=6, k=23 (3runs— 3days)
fe MA le MA
cramre M= Apamre 2100, 100, 125, 150, 175, 175 %

i,calc™
i,fact

2
RRMra_ > RR. RSD;{,’f{a /Z RSDgg «
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Xag= 29008100 %; X O 40 o XA X, %MA RRI™= Xxi’k 100 %
reference” ¥ sample reference i+ad i,fact
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Scheme 5. The scheme of precision, accuracy verification and total uncertainty assessment of HPLC/UV-procedures of metronidazole
determination in blood and urine using calibration and model matrix samples

lyzing the model samples 8-11 and comparing their
peaks areas with the peaks areas for the model so-
lutions 1-4, respectively. Reproducibility and signifi-
cance of the recovery values were assessed [9].

The experiment described was carried out within
at least 3 runs/days following the requirements to
repeatability of peaks areas for replicate experi-
ments [9].

Linearity/calibration model

To assess linearity/calibration model the calibra-
tion samples 1-7 were analyzed within 3 runs/days
following the requirements to repeatability of peaks
areas for replicate experiments [9]. The correlation

coefficient, rest standard deviation and absolute term
for linear dependences were calculated [3, 4, 9] as
within-run (R*, RSD¥,, a*) and between-run (R, RSD,, a)
parameters, and then compared with the correspon-
ding acceptability criteria.

Accuracy and precision

MCC. The concentrations of calibration samples
1-7 and model samples 8-11 were recalculated using
the corresponding within-run linear dependences or
between-run linear dependence, and the values “found/
given” RR, were used to determine the confidence
intervals A", (within-run precision), the total confi-
dence intervals A", A" (between-run precision),
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the systematic errors & (within-run accuracy), and
the total systematic errors 6, &’ (between-run
accuracy) [5, 6, 9].

MS. The ratios Z, for the calibration samples 1-7
were calculated and used to determine the confidence
intervals A¥, (within-run precision), the total confi-
dence interval A" (between-run precision), the sys-
tematic errors 6 (within-run accuracy) and the total
systematic error §™* (between-run accuracy) [7, 9].

MA. The model samples 12.1-17.1 and 12.2-17.2
were analyzed within 3 runs/days. The concentra-
tions of the model samples 12.1-17.1 were recalcu-
lated, and the values “found/given” RR™ were used
to determine the confidence intervals A’y * (within-
run precision), the total confidence interval A%
(between-run precision), the systematic errors §"4*
(within-run accuracy), and the total systematic er-
ror §mreMA (hetween-run accuracy) [8, 9].

The values of confidence intervals and systematic
errors were compared with the corresponding accep-
tability criteria.

Limit of quantification (LOQ)

The lowest point on the calibration curve was
accepted as LOQ [9].

Results and discussion

The HPLC/UV-method for metronidazole deter-
mination was proposed by authors before [22] and
its specificity in relation to other 5-nitroimidazoles
was shown. The suitability of the abovementioned ana-
lytical procedure for further work with biological fluids
was assessed using the validation procedure by model
solutions [22].

[t was suggested to carry out metronidazole iso-
lation from blood and urine by amphiphylic solvent
extraction with the subsequent separation of the or-
ganic layer under the conditions of the aqueous phase
saturation with an electrolyte; ammonium sulfate was
used as an electrolyte.

Previously, blood and urine were processed with
the corresponding acids (10 % trichloroacetic acid
solution for blood and 0.1 M hydrochloric acid solu-
tion for urine). This way for processing biological
fluids is accepted in the Ukrainian forensic and toxico-
logical laboratories for the general analysis. Our mo-
dification of these sample preparation procedures is
dilution of blood with water in 3 times before pro-
cessing with 10 % trichloroacetic acid solution - to re-
duce the analyte co-precipitation due to decrease of
the contact area between the analyte and blood cells.

To choose the optimal isolation conditions such
amphiphylic solvents as 2-propanol and acetonitrile
were used in the experiment. Owing to metronidazole
amphoteric properties and proceeding from our re-
sults [23] isolation was carried out in the strong acid
(pH = 2), neutral (pH = 7) and weak alkaline (pH = 9)
medium; carrying out isolation of analytes from biolo-
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gical objects in the weak acid, neutral or weak alka-
line medium (instead of the strong acid or alkaline
medium) resulted in decreasing of co-extraction pro-
cesses of the biological matrix components in a num-
ber of cases [24]. It is necessary to note that the shift
of the pH real value in alkaline side was observed for
the mixtures of electrolytes saturated solutions with
amphiphylic solvents [25].

Thus, 6 sample preparation procedures were studied.

To find the optimal conditions of sample prepa-
ration we determined such validation parameters as
specificity/selectivity and recovery according to Scheme 4.

Method validation

The validation provides application of the norma-
lized coordinates [26]:

C A,
X; = 55100 %; Y, =7 -100 %, 1)

Cst st
i. e. transition from the equation 4, (S,) =b, *C, +a, to
the equation Y, = b, * X, + a,, it allows to calculate the
validation characteristics,'which do not depend on
the analyte and specific character of the method of
analysis.

The analytical range D of the methods application
is 25-175 % [9]; as 100 % the mean therapeutic metro-
nidazole concentration in blood [19] is taken; the num-
ber of concentration levels g equals 7 in constant in-
crements of 25 % [9].

Acceptability criteria for validation parameters
were formed on the basis of systematic application
of the “insignificance concept” [26] - the confidence
interval A, was insignificant compared with the con-
fidence interval A, at the conventional level p = 95 %,
if the following inequality was correct:

A, <0324, (2)

and proceeding from the value of extreme uncer-
tainty A, for the method in analytical toxicology, which
equaled 25 % and 20 % [19, 20] - for the lowest
point of the analytical range of the method applica-
tion and for the rest of range.

Thus, the acceptability criterion for accuracy was
as follows:

maxd = 0.32 " maxA,, =0.3220.00 % = 6.40 %. (3)

In the MCC the acceptability criteria for the linear
dependence and precision were found proceeding from
the equality of uncertainty of plotting the calibration
curve A, and uncertainty of the analysis of the sample

to be analyzed A, [26], whence it was as follows:

maxA
maxA , = maxA =—F>=

sample
V2 (4)
=0.707-maxA ,_ = 0.707-20.00 % =14.14 %.
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The method of validation by matrix samples con-
sists of two phases [9]:

e the preliminary phase - determination and
estimation of in process stability of the ana-
lyte in the solution to be analyzed, specificity/
selectivity and recovery for the procedure;

e the main phase - determination and estima-
tion of linearity, accuracy, precision and de-
termination of LOQ for the procedure.

This method also contains the total uncertainty

assessment.

For normalization of the experimental data ob-
tained the same reference solution with the analyte
concentration of Cue,.. = Cipys Was used, but its peak
area was corrected taking into account the value of
recovery R (its significance and value were shown at
the preliminary stage of validation).

Stability

The results of verification of in process stability
of metronidazole in the solution to be analyzed showed
the necessity to carry out all measurements within
12 hours after obtaining the solutions to be analyzed;
in 12 hours the systematic error was high enough,
but within the acceptability criteria; in 24 hours the sys-
tematic error increased significantly.

These data were taken into account when deter-
mining all validation parameters and should be used
in the sequel.

Specificity/selectivity and recovery

The results of analysis of blank-samples and the as-
sessment of systematic error caused by matrix influ-
ence were acceptable for all variants of the sample
preparation procedures - we fixed the absence of peaks
with the retention time, which was coincident with
(or near to) the metronidazole retention time, on
the chromatograms of blank-samples.

Subjectively, the procedures 1-2 and 2-2 (procee-
ding with amphiphylic solvents at pH = 7) were charac-
terized by the lowest level of co-extractive substances

by the picture of TLC-purification, but the procedures 1-1
and 2-1 (proceeding with amphiphylic solvents in
the strong acid medium) had the worst results.

Recovery values determined in the preliminary
phase of validation were reproducible for all proce-
dures of analysis studied. But efficacy of metronida-
zole isolation was variable — from 85 % (procedure 2-1)
to 97 % (proceeding with acetonitrile at pH = 2 and
9 for urine).

The total results of recovery determination for
all procedures studied are given in Tab. 1.

Thus, based on the complex results of the speci-
ficity/selectivity and recovery assessment the proce-
dures of the sample preparation, which include aceto-
nitrile or 2-propanol extraction in the weak alkaline
(pH = 9) medium followed by separation of the or-
ganic layer under the conditions of the aqueous phase
saturation with ammonium sulfate are optimal and
recommended for application by us.

Linearity/calibration model, accuracy and
precision

The results of determination of R, RSD,, a were
positive for all variants of the sample preparation
procedures and the solvent used, as well as for MCC,
MS and MA (Tab. 2).

The values of accuracy and precision in the variant
of MCC, MS and MA for all procedures studied are
presented in Tab. 3-5.

The results of determination of accuracy and pre-
cision are the evidence of acceptable systematic and
random errors of the HPLC/UV-procedures studied.
Concerning MCC, MS and MA application - we ob-
serve the following tendency: MS - the best preci-
sion and the worst accuracy, MA - the best accuracy
and the worst precision, but the difference is less
distinct and clear; MCC is the optimal variant.

Limit of quantification (LOQ)

LOQ of the procedures developed is 5 pg/mL of
metronidazole in biological sample.

Table 1

The results of recovery assessment for metronidazole determination procedures
in blood and urine by the method of HPLC/UV

procedure procedure procedure procedure procedure procedure .
Parameter 1-1 1-2 13 2-1 2-2 2-3 Acceptability
blood | urine | blood | urine | blood | urine | blood | urine | blood | urine | blood | urine criteria

R 91.34 | 94.97 | 92.28 | 94.20 | 90.26 | 94.68 | 85.89 | 95.48 | 90.12 | 97.68 | 92.88 | 97.22 -

A, 503 | 503 | 502 | 503 | 503 | 503 | 503 | 503 | 503 | 503 | 503 | 5.03 <20.00 %
100-Rl | 866 | 503 | 7.72 | 5.80 | 9.74 | 532 |14.11| 452 | 9.88 | 232 | 7.12 | 2.78 <6.40 %

bf 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 bf <

st 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 001 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 [t95%;k-n-2)-5",

af 90.65 | 94.26 | 91.60 | 93.50 | 89.58 | 93.98 | 85.25 | 94.77 | 89.45 | 96.95 | 92.18 | 96.49 af>

sf 127 | 132 [ 128 | 131 | 1.26 | 132 | 1.20 | 1.33 | 1.26 | 1.36 | 1.29 | 1.35 |t(95%k-n-2)s",
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Table 3

The results of accuracy and precision verification for metronidazole determination procedures
in blood and urine by the method of HPLC/UV (extraction at pH = 2)

5 2-propanol acetonitrile E o
b o .=
% blood urine blood urine %‘_g
S (w]
S runl | run2 [ run3 [ runl | run2 | run3 [ runl | run2 | run3 [ run1 | run2 | run3 E
within-run accuracy and precision (MCC)
RR¥ 100.771100.50 [ 100.31|100.26 | 100.91 | 100.88 | 100.33 | 100.31 | 100.58 | 100.73 | 100.46 | 100.27 -
&k 0.77 0.50 0.31 0.26 0.91 0.88 0.33 0.31 0.58 0.73 0.46 0.27 | <640%
RSD*;, | 343 | 372 | 208 | 1.80 | 5.08 | 430 | 273 | 392 | 3.58 | 323 | 383 | 1.85 -
JAL 6.67 7.23 4.04 3.50 9.87 8.36 5.30 7.62 6.96 6.28 7.44 359 <1414 %
between-run accuracy and precision by calibration samples (MCC)
RRintra 100.52 100.68 100.41 100.49 -
&intra 0.52 0.68 0.41 0.49 <6.40 %
RSD; 3.46 4.09 3.42 3.39 -
AR 5.97 7.06 5.90 5.85 <14.14%
between-run accuracy and precision by model samples (MCC)
RRsample 101.29 101.65 99.95 100.99 -
Geample 1.29 1.65 0.05 0.99 <6.40 %
RSD™" 337 3.82 2.79 3.16 -
A" 6.05 6.86 5.071 5.67 <20.00 %
within-run accuracy and precision (MS)
Z¢ 97.39 | 97.70 | 96.50 | 100.58 | 100.69|101.86| 98.63 | 98.76 | 97.82 |101.97(102.31|101.06 -
& 2.61 2.30 3.50 0.58 0.69 1.86 1.37 1.24 2.18 1.97 2.31 1.06 | <6.40%
RSD¥, 1.79 3.31 3.99 3.99 4.05 2.75 2.50 3.93 2.76 1.81 3.69 4.05 -
Ak, 3.48 6.43 7.75 7.75 7.87 5.34 4.86 7.64 5.36 3.52 7.17 7.87 | <20.00%
between-run accuracy and precision (MS)
Zintra 97.20 101.04 98.40 101.78 -
&intra 2.80 1.04 1.60 1.78 <6.40%
RSD;" 317 3.65 313 333 -
A";"“ 5.47 6.30 5.40 5.74 <20.00 %
within-run accuracy and precision (MA)
RRYA% 1 99,52 | 98.99 |100.32|103.09|100.10| 97.79 |103.41|100.11| 99.39 | 98.50 | 100.89|102.08 -
Sk 0.48 1.01 0.32 3.09 0.10 2.21 3.41 0.11 0.61 1.50 0.89 2.08 | <£6.40%
RSDyY | 349 | 406 | 370 | 940 | 470 | 539 |10.15 | 3.14 | 504 | 347 | 334 | 820 -
A | 703 | 818 | 746 | 1893 | 947 | 10.87 | 2044 | 632 | 1016 | 699 | 672 | 16,53 |<20.00%
between-run accuracy and precision (MA)
RRntraMA 99.61 100.33 100.97 100.49 -
GintraMA 0.39 0.33 0.97 0.49 <6.40%
RSD ™ 3.76 6.82 6.79 5.49 -
A ™ 6.54 11.86 11.81 9.55 <20.00 %
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Table 4

The results of accuracy and precision verification for metronidazole determination procedures
in blood and urine by the method of HPLC/UV (extraction at pH = 7)

5 2-propanol acetonitrile E‘ o
b o .=
% blood urine blood urine g‘_g
] [w]
< runT | run2 [ run3 [ runl | run2 | run3 [ runl | run2 | run3 | runl [ run2 | run3 E
within-run accuracy and precision (MCC)
RR¥ 101.04|100.31 | 100.50| 100.73 | 99.40 | 100.72| 99.73 | 99.86 | 100.70 | 100.70|100.58 | 100.70 -
& 1.04 0.31 0.50 0.73 0.60 0.72 0.27 0.14 0.70 0.70 0.58 0.70 | <6.40%
RSD*:, | 580 | 2.09 | 3.72 | 321 | 443 | 3,67 | 570 | 424 | 450 | 3.07 | 4.61 3.39 -
JAL 11.27 | 4.06 7.23 6.24 8.61 7.13 | 11.08 | 8.24 8.74 5.97 8.96 6.59 (<1414 %
between-run accuracy and precision by calibration samples (MCC)
RRintra 100.62 100.29 100.10 100.66 -
&intra 0.62 0.29 0.10 0.66 <6.40%
RSDI™ 418 3.12 4.45 41 -
A 7.20 5.38 7.67 7.09 <14.14%
between-run accuracy and precision by model samples (MCC)
RRsemele 101.36 100.14 98.46 101.07 -
&eample 1.36 0.14 1.54 1.07 <6.40%
RSD:m™" 4.07 2.74 2.64 3.86 -
A;‘;mp fe 7.31 492 475 6.93 <20.00 %
within-run accuracy and precision (MS)
zZ¢ 99.34 | 97.51 | 98.71 | 100.62|103.14| 98.64 | 99.90 | 99.72 | 98.45 |102.15|102.90|101.57 -
&k 0.66 2.49 1.29 0.62 3.14 1.36 0.10 0.28 1.55 2.15 2.90 157 | £6.40%
RSD¥, 4.24 4.03 3.34 1.79 3.73 418 5.47 4.60 3.69 1.87 4.46 473 -
A, 8.24 7.83 6.49 3.48 7.25 8.12 | 10.63 | 8.94 7.17 3.63 8.67 9.19 |<20.00%
between-run accuracy and precision (MS)
Zintra 98.52 100.80 99.35 102.21 -
&ntra 1.48 0.80 0.65 2.21 <6.40 %
RSD}" 3.89 3.39 4.65 3.91 -
A’;"" 6.71 5.85 8.02 6.74 <20.00 %
within-run accuracy and precision (MA)
RRMAK1102.45| 98.62 [100.06|102.32| 99.53 [103.72|102.53| 98.73 | 97.97 | 97.29 | 99.54 |100.42 -
SMak 2.45 1.38 0.06 2.32 0.47 3.72 2.53 1.27 2.03 2.71 0.46 042 | <640%
RSDY** | 641 | 3.17 | 3.38 | 876 | 4.00 | 11.05 | 10.20 | 496 | 648 | 470 | 3.18 | 5.06 -
A’:’:’k 1292 | 6.39 6.82 | 1765 | 8.07 | 2226 | 2055 | 9.99 | 13.06 | 947 6.42 | 10.20 | <20.00 %
between-run accuracy and precision (MA)
RRntraMA 100.38 101.86 99.74 99.08 -
GintraMA 0.38 1.86 0.26 0.92 <6.40%
RSD}" " 457 8.46 7.54 439 -
Ag™ 7.95 14.72 13.12 7.64 <20.00 %
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Table 5

The results of accuracy and precision verification for metronidazole determination procedures
in blood and urine by the method of HPLC/UV (extraction at pH = 9)

5 2-propanol acetonitrile E‘ o
= o .=
% blood urine blood urine g‘_g
=] [w]
& runl | run2 [ run3 [ runl | run2 [ run3 [ runl | run2 [ run3 [ runl | run2 | run3 §
within-run accuracy and precision (MCC)
RR¥ 98.91 | 99.58 | 100.46|100.71|100.09 | 100.43 | 100.59| 100.43 | 100.45 | 100.60 | 100.65 | 99.87 -
& 1.09 0.42 0.46 0.71 0.09 043 0.59 0.43 0.45 0.60 0.65 0.13 | £640%
RSD*,, | 5.88 | 292 | 3.18 | 3.11 399 | 298 | 3.39 | 3.01 389 | 337 | 414 | 1.74 -
Akep 1143 | 5.67 6.18 6.04 7.75 5.79 6.59 5.85 7.56 6.55 8.04 338 (<1414 %
between-run accuracy and precision by calibration samples (MCC)
RRintra 99.66 100.41 100.49 100.37 -
§intra 0.34 0.41 0.49 0.37 <6.40 %
RSD. 3.57 3.70 3.80 3.41 -
AZ’:" 6.15 6.39 6.56 5.88 <1414 %
between-run accuracy and precision by model samples (MCC)
RReemele 97.34 100.55 100.83 100.59 -
Geample 2.66 0.55 0.83 0.59 <6.40 %
RSD:m™" 2.86 3.23 3.51 2.83 -
A;:mp/e 5.14 5.80 6.31 5.09 <20.00 %
within-run accuracy and precision (MS)
zZ¢ 106.471103.75[104.241101.25[102.17 | 100.64 | 99.74 | 98.73 | 99.58 | 98.23 | 98.43 | 96.20 -
& 6.47 3.75 4.24 1.25 217 0.64 0.26 1.27 0.42 1.77 1.57 3.80 | £6.40%
RSD*, 4.28 5.34 2.83 1.83 429 | 492 247 4.84 3.68 2.37 3.34 3.69 -
Ak, 8.32 | 1038 | 5.50 3.56 8.34 9.56 4.80 9.40 7.15 4.61 6.49 7.17 | <20.00 %
between-run accuracy and precision (MS)
Zinra 104.82 101.35 99.35 97.62 -
&ntra 4.82 1.35 0.65 2.38 <6.40%
RSD}" 4.28 391 3.79 3.18 -
A 7.38 6.74 6.54 5.48 <20.00 %
within-run accuracy and precision (MA)
RRMAk | 98,81 | 98.74 | 96.61 | 99.02 | 97.79 | 97.99 | 98.30 [102.18|103.16 | 101.36 | 99.46 |102.22 -
oAk 1.19 1.26 3.39 0.98 2.21 2.01 1.70 2.18 3.16 1.36 0.54 222 | £640%
RSDY** | 3.6 | 477 | 380 | 418 | 540 | 7.70 | 551 | 841 | 955 | 664 | 522 | 7.56 -
A’::’k 6.37 9.62 7.66 843 | 10.88 | 1551 | 11.10 | 16.94 | 19.25 | 13.39 | 10.51 | 15.23 | <20.00 %
between-run accuracy and precision (MA)
RRintratA 98.05 98.27 101.21 101.01 -
§intrakiA 1.95 1.73 1.21 1.01 <6.40%
RSD M 3.97 5.94 8.01 6.54 -
AP 6.90 10.34 13.93 11.38 <20.00 %

RR
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Total uncertainty

The results of the total uncertainty assessment
show the acceptability of the procedures developed.
The least values of the total uncertainty are fixed for
MCC; for MS and MA they are at the same level.

Conclusions

1. The HPLC/UV-procedures of metronidazole
quantitative determination in blood and urine using
the standard sample preparation with application of
amphiphylic solvent (acetonitrile and 2-propanol) for
the analyte isolation at pH = 2, 7 and 9 with further
separation of the organic layer under the conditions
of the aqueous phase saturation by ammonium sul-
fate have been developed.

2. Validation of the procedures developed has been
carried out using calibration and model samples by
such parameters as stability, specificity calibration
model, accuracy and precision using different ana-
lytical and standardization methods - MCC, MS and
MA; and application of the validation scheme possi-
bility offered by us before has been confirmed.

3. The HPLC/UV-procedures of metronidazole quan-
titative determination developed satisfy the acceptabi-
lity criteria for all validation parameters. Carrying out
the preliminary phase of validation allowed us to eliminate
the insufficient sample preparation and avoid fulfillment
of the main validation phase for these procedures.

Conflict of interests: authors have no conflict of
interests to declare.
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