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B oannoii padome 6vin ycmanoenen memoo a0epnozo maznummozo pesonanca (-H-AAMP) ona
00HOBPEMEHHO20 KOIUYECHIBEHHO20 ONPeOeeHUA MEMAaHod, IMAHOIA U NPOOYKMOG UX Memaodo-
ausma (MypasbuHas KUC10ma u yKCyCHAA KUCj10ma) @ niazme uenogexd. Ihghexm benxa 6 obpazue
naazmol ovin yoanen 25% mpuxnopykcycuoni kucniomoii (TCA) ¢ coomnowmenuem TCA u obpazya
naazmet npu 1/5 (06./06.). Hebonvmoe xonuuecmeo DO (npubnusumenvro 1/10 06./06.) ovL10 6vi-
Opano uz-3a moz20, YUMo éaUAHUE 800AHO20 CUSHANA ObLIO YCHIPAHEHO C NOMOWIbIO npedsapumens-
H020 NO0ABACHUA 600bl C NOMOULIO nociedosamenvrHocmu umnyavcoe NOESY. Boiiu npoeepenst
PaznuuHble ananumuyecKue napamempol, makKue KaK JTUHeiHOCHb, MOYHOCHb, MOYHOCHb U CHeyU-
¢uunocms, npeden oonapyyicenun npubopa (\DL) u npeden xonuuecmeennozo onpeoenenus npu-
oopa (1QL). IIpeden oonapyscenus npuoopa 4uemvipoMa COCOUHEHUAMU 6 NYCMOIL NA3ME 8APLUPO-
eancsa om 0,68 (013 memanona) 0o 2,88 m2/n (01a mypasvunoii kuciomut). Cpeonee uzeneuenue KoH-
yenmpayuu ¢ OUHaAMuyecKkux ouanazonax cocmaeuno om 96 oo 105%. Xopowaa nuneiinocms
Medxcoy KOHueHmpayueil, paccuumantoil N0 UHMeZPATbHOMY CUSHATLY, U USMEPEHHOH, NOTYUEeHHO
nO KaauOpoGOUHBLIM KDUBBIM, NOOMEEPOUNA, YMO KOHUCHMDPAUUI0 AHAUZUDYEMDBIX 6CULECNE 6
naazme MOMCHO HENOCPEOCMEEHHO ONPedeIunms U3 CUZHAIA NPOMOHA, NOJIYUEHO20 U3 CHEKMPOCKO-
nuu a0epnozo0 maznumnozo pezonanca (‘H-AMP). B oannoii paome npeonodycennslii memoo ovln
YCHEUWIHO RPUMEHEH 07151 NPAMO20 OnpPedeNeHUs namu coeourenuii ¢ 9 oopazuax niamoel nayueHma
¢ yoosnemeopumenvhoimu pesyivmamamu no cpasuenuio ¢ memooom GC/FID. Ananumuueckan
npoueoypa moscem 0blmb nOE3HA 0714 OUAZHOCMUKU U OUEHKU JleUeHUs OMPAg1eHUus MemaHno10m
60 bEMHAMCKUX DONbHULAX.
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SIMULTANEOUS QUANTITATIVE 'H NMR ANALYSIS OF METHANOL, ETHANOL
AND THEIR METABOLIC PRODUCTS IN HUMAN PLASMA: EARLY DIANOSIS
AND MONITORING DURING TREATMENT OF ACUTE METHANOL POISONING IN VIETNAM
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The *H-NMR method for simultaneous quantification of methanol, ethanol and their met-
abolic products (formic acid and acetic acid) in human plasma was established. The effect of pro-
tein in plasma sample was removed by 25% trichloroacetic acid (TCA) with the ratio of TCA and
plasma sample at 1/5 (v/v). The small amount of D,O (estimated 1/10 v/v) was chosen due to the
effect of water signal was eliminated by using the advance water suppression with NOESY pulse
sequence. The different analytical parameters such as linearity, precision, accuracy, and specific-
ity, instrument detection limit (IDL) and instrument quantification limit (IQL) were validated. The
instrument detection limit of four compounds in blank plasma varied from 0.68 (for methanol) to
2.88 mg/L (for formic acids). The average recoveries of concentration in dynamic ranges were
found to be 96 t0105%. The good linearity between concentration calculated by integrated signal
and measured obtained by calibration curves confirmed that concentration of analytes in plasma
can be directly determined from the *H-NMR signal. The proposed method has been successfully
applied for direct determination of five compounds in 9 patient’s plasma samples with the satisfac-
tory results compared to GC/FID method. The analytical procedure can be useful for diagnosis and
evaluation of treatment of methanol poisoning in Vietnamese hospitals.
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methanol for human is caused by very toxic formic

INTRODUCTION
acid formed from formaldehyde which is metabolite of

In recent years, the methanol poisoning in Vi-
etnam is increasing with a large number of poisonous
patients. In 2014, there were only 16 methanol poison-
ing patients transferred to Poison Control Center —
Bach Mai hospital, but it reached 33 and 46 patients in
2015, 2016, and it was 48 patients within the first six
months of 2017. It is alarming that the group poisoning
cases (40 methanol poisoning victims and 9 deaths)
happened in Lai Chau or Gia Lai province in 2017,
Practically, the early diagnosis [1, 2] of methanol poi-
soning is difficult because that clinical symptom of
methanol poisoning is quite similar to other ones such
as those of ethanol, ethylene glycol, and isopropanol
poisoning. This led to the delay application of the spe-
cific treatments for the patients that resulted in a rela-
tively high mortality rate of 18-54%. The toxicity of
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methanol [3, 4]. In methanol poisoning treatment, eth-
anol is used as antidote for limiting the metabolism to
formic acid, and then methanol and ethanol should be
eliminated by haemodialysis. Therefore, an early mon-
itoring of ethanol, methanol and their metabolic prod-
ucts simultaneously in human plasma just after patients
enter to the hospital and during treatment is very im-
portant in methanol poisoning treatment.

Traditionally, the simultaneous quantification
of methanol, ethanol and selected metabolic products
can be done by UV-VIS[5], Raman spectroscopy [6, 7],
GC-MS [8, 9], GC-FID [10-12], eletropheresis[13] or
cyclic voltammetry [14]. These methods have good
sensitivity, but they often require highly skilled ana-
lysts and complicated sample preparation [15].
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Nuclear magnetic resonance (NMR) spectros-
copy is gaining more and more application in quick,
simple and non-destructive analysis of samples with
complicated matrix, whereas it can allow simultane-
ously determine different compounds in a mixture
without sample preparation and separation before
quantification [16-18]. Accepting the NMR detection
limits, blood is still a complex mixture that, in addition
to this complication, presents additional challenges.
The presence of protein and other components in blood
and plasma can affect to the quantification of selected
compounds [19, 20] when several signals overlap, par-
ticularly those of ethanol and glucose. This phenome-
non could result in disadvantages of *H-NMR quanti-
tative analysis in biological samples [19, 21, 22]. A

simple deproteinization and solvent suppression
step can not only improve the spectrum resolution, but
also simplify the quantification analysis.

In this research, by setting up a suitable proce-

dure for deproteinization and water suppression by
advance NOESY pulse sequence, a simple, rapid and
inexpensive procedure utilizing quantitative *H-NMR
(QHNMR) with solvent suppression was established to
quantify simultaneously methanol, ethanol and their al-
dehyde- and acid-metabolic products in human plasma.
The obtained results by the proposed method can be
applied for rapid diagnosis of methanol poisoning as
well as its treatment monitoring.

MATERIALS AND METHODES

Reagents, Reference and Standard solutions

LC grade chemicals namely methanol
(99.99%), ethanol (99.99%), formaldehyde (solution,
38%), acetaldehyde, formic (solution, 90%) and acetic
acid (100%) obtained from Merck (US) were used for
preparing stock standards in deionized water. Working
calibration standard solutions were daily prepared by
dilution of stock standards in deionized water. Maleic
acid (MA) (99.94% deuterated) purchased from
Sigma-Aldrich (Singapore) and deionized water was
used for preparing the stock internal standard. Deuter-
ium oxide D,O (Armar Chemical) was used as solvent
for gHNMR. Tetramethylsilane (TMS, 99% deuter-
ated) purchased from Sigma-Aldrich (Singapore) was
used as NMR reference to correct resonance chemical
shifts (6 in ppm). A 25% (v/v) trichloroacetic acid
(TCA) solution was used for deproteinization of the
plasma samples.

Sampling and sample preparation

To ensure the efficiency and accuracy of ana-
Iytical method, plasma samples obtained from healthy
people in Vietnam Institute of Haematology and Blood
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Transfusion (Hanoi, Vietnam) were use as blank sam-
ples and standard reference (SRM) samples (by spiking
known amount of standards into blank samples).

Nine blood samples of patients infected by
methanol poisoning were collected from methanol poi-
soning patients (in 2018) in Poison Control Center of
Bach Mai Hospital, Hanoi and transferred into plastic
tubes containing heparin. The samples were then cen-
trifuged at 4000 rpm for 15 minutes. The upper plasma
was taken into capped vial and stored at -4 °C. 0.2 mL
of 25% trichloroacetic acid (TCA) solution was added
to 1 mL of protein-separated plasma, then the sample
was again centrifuged for 10 minutes at 4000 rpm, and
the supernatant was taken for NMR analysis. The
methanol concentrations in blood samples determined
by GC/FID at Department of Chemical Forensic Med-
icine — National Institute of Forensic Medicine (Hanoi,
Vietnam) were used as references data.

gHNMR measurement

Analytical samples were analyzed in the stand-
ard 5 mm NMR tubes. 0.9 mL of sample were mixed
with 0.1 mL of D,O containing tetramethylsilane
(TMS). The *H-NMR spectra were acquired at 300 K
on a Bruker Avance 111 500 MHz (at Faculty of Chem-
istry, VNU University of Science, Vietnam National
University, Hanoi) equipped with a5 mm BBFO probe
including automated locking, matching, tuning and cal-
ibration of the 90° hard pulse and operatingat 11.7 T. The
NMR protocol applied was based on the Bruker stand-
ard protocol NOESYGGPPR1D established for sol-
vent suppression using advance NOESY sequence.
The two successive *H-NMR experiments used for the
acquisition of each sample were as follows:

Experiment 1 (measure the exact resonance
frequency of water using standard water suppression,
Bruker sequence ZGPR): First, a one-scan standard
'H NMR spectrum was recorded. The peak of water at
around 4.7 ppm was chosen as offset frequency ol.
Then, the exact frequency of water in each sample was
determined by using a standard Bruker water presatu-
ration pulse program ZGPR. This pulse program only
suppresses the signal of OH protons by applying a pre-
saturation scheme with low-power ol frequency irra-
diation. In the experiment, a 25-Hz RF field was used
for the presaturation, the relaxation delay (RD) and ac-
quisition time (AQ) were set to 4 s and 3.27 s, respec-
tively, resulting in a total recycle time of 7.27 s. Two
dummy scans (DS) were applied, and four free induc-
tion decays (FIDs) (number of scans, NS = 4) were col-
lected into a time domain (TD) of 65536 (65 k) com-
plex data points using a 19.9947 ppm spectral width
and a receiver gain (RG) of 3.2. The FID signals were
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multiplied with an exponential function, which corre-
sponded with line broadening 0.3 Hz prior to Fourier
transformation. Repeat this step until the OH signal of
water was totally suppressed to a negative peak (Fig. 1).
This frequency was used for optimization the shape
pulse that is required for the advance water suppression
in second experiment.

Experiment 2 (advance water suppression us-
ing NOESY pulse sequence - NOESYGPPR1D). The
parameters RD, P(90°), AQ and TD were set the same
asin Experiment 1; DS was 4, NS was 32 and the mix-
ing time was set to 100ms. The optimum RG was set to
20.2, which resulted in a considerable gain in signal-
to-noise ratio (S/N) compared with Experiment 1 (with
pulse sequence ZGPR). The shape pulse was calcu-
lated using command pulsecal in Topspin 3.2. Total
time required for analyses was about 10 minutes per
sample.

All *H-NMR were automatically baseline cor-
rected using the Topspin 3.2 package (Bruker Biospin,
Germany) by the command absn.

For quantification, NMR signals in the specific
regions for each compound were integrated and sum-
marized. Samples were normally quantified using lin-
ear calibration curves. Besides, the concentration of X
compound could be also directly calculated from equa-
tion 1, and were compared with the concentrations de-

termined by standard calibration curves.
= G 1)
Ars Ny Mys Vy

where Cy and Cis were concentration of X and internal
standard MA, A was the peak integration, M was the
molar mass, N was the number of resonant protons, and
V was the volume of X and internal standard.

Validation of analytical method

The linearity was studied in a concentration
range of 15.00 mg/L to 10.50 mg/mL of each com-
pound in a mixture of methanol, ethanol, acetaldehyde,
formic acid and acetic acid in water. The mixture of 0.6 mL
of solution of 5 substances at different concentrations,
0.3 mL of 200 mg/L MA solution and 0.1 mL D,O was
analysed by *H-NMR. The method validation for four
analytes (methanol, ethanol, formic acid and acetic
acid) was conducted using blank and spiked plasma
samples.

Signal-to-noise calculation

To quantitatively evaluate the enhancement in
intensity (the amplitude of the highest peak in the sig-
nal region) and signal-to-noise ratio (SNR), the Bruker
sino routine was applied to determine SNR [23]. The
sino command in the TopSpin 3.2 software package
gives the SNR of a 1D spectrum evaluated by the for-
mula SNR = maxval/(2*noise), where maxval is the
highest intensity in the spectral region and noise is the
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average level of noise in the noise region. The instru-
ment detection method (IDL) and instrument quantifi-
cation limit (1QL) were calculated by equations:

IDL=3xSNR /b (2)

IQL=10xSNR /b (3)
where b is the slop of calibration curve. The line broad-
ening of all spectra was set at 0.3 Hz, and all spectra
were automatically shimming by command topshim
tunea to ensure the same shim quality.

RESULTS AND DISCUSSION

Optimization of sample preparation and HNMR
measurement conditions

The optimization of the sample preparation
and measurement protocol was the key factor for the
development of the quantitative NMR analyses, which
should be applicable for the complicated blood matrix.
In order to simplify the sample preparation, water itself
in blood acted as solvent and only 10% of D,O were
added. Due to the very strong signal of water that hin-
dered all the small signals (Fig. 1-(1)), a solvent sup-
pression protocol was needed. The simplest solvent
suppression (ZGPR in Bruker’s standard library) uses
a long continuous but weak intensity pulse that have
same frequency with resonance frequency of water just
before the main pulse (water presaturation). The
method could suppress not only part of water signal,
but also the proton exchange signal of OH, NH groups
[23, 24]. Therefore, the signal of formic acid was par-
tially eliminated (Fig. 1-(2)). Another NOESYGPPR1D
solvent suppression method applied the water presatu-
ration scheme in combination with NOESY pulse
(NOE: Nuclear Overhausser Effect) was conducted for
observing NH and OH group signals. Pulse program
allows observing all signals that have strong proton ex-
change in the water medium, hereby the CH group of
formic acid (Figure 1-(3)). Practically, it is possible to
directly quantify five compounds around the sup-
pressed water signal. Each sample underwent an auto-
matic tuning of the probe head, followed by an optimi-
zation of the power for water saturation and pulse de-
termination using pulsecal command in Topspin. As
none signal selected for quantification of the target
compounds was very close to water suppressed signal,
no correction was necessary. The performance of sol-
vent suppression NOESYGPPR1D allowed the used of
water as solvent, so only 10% of D,O needed for fre-
quency calibration, that reduced the cost of experiment.

By using NOESYGPPR1D pulse, the meas-
urement of the standard solutions was relatively simple
with no peak overlapping observed. The chemical
shifts (Table 1) of methanol, ethanol and their respec-
tive aldehyde and acid metabolites except formalde-
hyde showed a clearly separation and could be used for
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their simultaneous quantification in a mixture. Under
the experimental condition, the H - NMR spectra of a
plasma sample without protein precipitation also
clearly showed the methanol and formic acid signals,
but the CHjs signals of ethanol and acetic acid were
overlapped (Fig. 2-(3)), and quantification of formal-
dehyde in a mixture was impossible. But due to very
short life-time of formaldehyde and acetaldehyde in
blood [2] (change to formic acid and acetic acid after
that) so the determination of aldehydes in this study
was ignored.

Table 1
Chemical shift of five compounds in standard solution
(in water) and in plasma samples [22, 25]
Taonuya 1. XuMu4ecKui CABUT NSITH COeAUHEHNH B
CTaHJAPTHOM pacTBOpe (B BOjJie) U B 00pa3uax miasmMsl

Chemical shift in| Chemical shift in
Compound | Signal | standard solu- | plasma samples
tions (ppm) (ppm)
Methanol |CHjs () 3.37 3.20
CHs (1) 1.19* 1.06*
Ethanol - ren, (@] 354 3.47
Acetalde- | CHgs
hyde (m) 1.22 -
Acetic acid |CHs (s) 2.09 1.93
Formalde-
hyde CH (s) 9.60 -
Formic acid | CH (s) 8.27 8.08
Maleic acid | CH (s) 6.35 6.31

Notes: s): singlet, (t): triplet, (q): quadruplet, (m): multiplet

(*: The chemical shift was used for quantification of ethanol)
Ilpumeuanus: cunrner, (t): Tpuruier, (q): KBampymier, (m):
MYJIBTUIUIET

(*: XUMUYeCKU CABHUT UCIIONB30BAJICS ISl KOJTUYECTBEHHOTO

OTIpeNIeNICHUS I TAaHOJIA)

9.0 80 70 60 5.0 40 3.0 20 1.0 0.0
f1 (ppm)

Fig. 1. The 'H- NMR spectra of a standard solution containing 5 ana-
Iytes (1) without solvent suppression, (2) solvent suppression by
ZGPR pulse program and (3) solvent suppression by NOE-
SYGPPR1D pulse program
Puc.1. Criekrpst *H-SIMP cTaHAapTHOTO PacTBOPa, COEPIKAIETO
5 ananuroB: (1) 6e3 momaBIIeHHsT PacTBOpUTEN, (2) MoJaBICHNE
pacTBOPUTEIIS C TIOMOLIBIO UMITYJIbCHOH mporpammbl ZGPR u (3)
MIOJIaBJICHHE PACTBOPHUTES C IIOMOIIBIO HMITYJIbCHOH MPOrpaMMBI
NOESYGPPR1D
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The spectra of plasma samples (with depro-
teinization) showed good baseline and no peak over-
lapping of all studied signals (Fig. 2-(1)). The CHs tri-
plet signal of ethanol at 1.06 ppm was chosen for etha-
nol gquantification study (Fig. 3). This procedure was
used for subsequent experiments.

l J/ﬁl“t o

iy

90 80 70 60 50 40 3.0 20 1.0 0.0
fl (ppm)

Fig. 2. 'H-NMR spectra of spiked plasma sample (4) without sol-
vent suppression but no deproteination, (3) solvent suppression by
ZGPR pulse programbut no deproteination, (2) solvent suppres-
sion by NOESYGPPR1D pulse program but no deproteination,
(1) solvent suppression by NOESYGPPR1D pulse program, with
protein precipitation
Puc. 2. Cniextpsl *H-SIMP 11po6bI m1azMsl ¢ 106aBKoii: (4) 6e3
MOJABJICHUS] PACTBOPHUTETIEM, HO Oe3 JenpoTenHanuy, (3) moaas-
JIEHUE PACTBOPUTEIS C TIOMOILBIO UMITYIHCHOM MPOTPaMMBbl
ZGPR, HO 6€3 nenpoTenHu3anny, (2) moJaBieHne pacTBOPUTE-
JIeM ¢ IoMoIIbI0 nMmyiibcHoi mporpammbl NOESYGPPRI1D, Ho
0e3 nempoTtenHanuy, (1) mogaBneHne pacTBOPUTEIEM UMITYIIbC-
Hoii nporpammoit NOESYGPPR1D ¢ ocaxxnenuem Oenka

CH:OH

CH3CHO|
CH3CH20H

HCOOH
CH3CH20I

A/‘“‘

Fig. 3. 'H NMR spectra of a spiked plasma sample (after protein
precipitation) using NOESYGPPR1D pulse program
Puc. 3. Cnexrpst tH-SIMP npo6s riasmel ¢ 1o6aBkoii (mocie
ocakieHHs OelKa) ¢ MCIOJIb30BaHUEM UMITYJIBCHON MPOTrPaMMBbI
NOESYGPPR1D
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Validation of analytical method

Linearity

The calibration curves were done based on sig-
nals of five standard solutions and spiked plasma sam-
ple containing of five or four compounds. The relation-
ship between integrated peak areas and concentration
showed good linearity with high correlation coefficient
(R?value > 0.999) (Fig. 4a). The instrument detection
method (IDL) and instrument quantification limit
(IQL) of five compounds were calculated according to
equations 2 and 3 base on signal-to-noise [23, 25]. Re-
sults were given in Table 2. Methanol determination
exhibited the most sensitivity with the lowest IDL and

2500
1
2000
5
21500 2 ..
w
1000
o ; 4
500 "
o &
0 5000 10000 15000
C, mg/L
a

IQL of 0.02 mg/L and 0.07 mg/L respectively. The in-
strument detection limit (IDL) and instrument quanti-
fication limit (1QL) of four compounds in blank plasma
was from 0.68 (for methanol) to 2.88 mg/L (for formic
acid) and 2.25 (for methanol) to 9.60 mg/L(for formic
acid), respectively.

The concentration of selected compounds in
spiked samples evaluated by standard calibration curve
is in good linear correlation with that by direct calcu-
lation using equation (1) (Table 2). It is clearly that
methanol, ethanol, acetic acid and formic acid could be
directly determined in plasma sample by using the in-
tegrated signal with the calibration factors.

300
250
200
%)
=150
n
100 3
50

0

0 5000 10000
C, mg/L

b

15000

Fig. 4. a: Calibration curves of 1-methanol, 2-ethanol, 3-formic acid, 4-acetaldehyde and 5-acetic acid in standard solutions. b: Calibra-
tion curves of 1-methanol, 2-ethanol, 3-formic acid and 4-acetic acid in spiked plasma samples
Puc.4. a: 'pagynpoBouHbIe KpUBBIE A5 1-MeTaHoa, 2-3TaHoJIa, 3-MYPaBbHHOM KUCIIOTHI, 4-alleTalbJeruia u S-yKCyCHON KUCIIOTHI B
CTaHAAPTHBIX pacTBOpax. b: KammOpoBouHsie kpuBHIe 1-MeTaHONA, 2-3TaHONA, 3-MypaBbHHON KUCIOTHI M 4-yKCYCHOM KHUCIIOTHI B TIPO-
6ax 1Ia3Msl ¢ 100aBKaMH

Table 2

IDL and IQL of selected compounds in standard solutions (water) and in plasma samples
Tabnuya 2. 1DL n IQL BbIOpaHHBIX coelMHEHHIT B CTaHAAPTHBIX pacTBopax (Boja) M B 06pa3uax njia3Msl

Standard solutions Plasma samples
Correlation Coefficient be- Correlation Coefficient be-
Analytes tween measured* and cal- (r:]D/LL) (r:]Q/LL) tween measured® and cal- |IDL (mg/L) (nI]Q/LL)

culated ““concentrations 9 9 culated** concentrations g
Methanol 1.01 0.02 | 0.074 0.69 0.68 2.25
Ethanol 1.02 0.03 0.09 0.81 0.82 2.74

Acetaldehyde 0.95 0.10 0.23 - - -
Formic acid 1.22 0.10 0.324 0.67 2.88 9.60
Acetic acid 0.94 0.03 0.11 0.96 0.91 3.04

Note: (*concentration of analytes determined based on calibration curves; ** concentration of analytes directly calculated by using
equation (1); «-» did not measure)

[Tpumeuanust: (* KOHLIEHTPALWS AaHATUTOB, ONIPE/CIICHHAs: HA OCHOBAHUH KaTHOPOBOYHBIX KPUBBIX; ** KOHIIEHTPALHS aHAJIUTOB, pac-
CYUTaHHas HEIMOCPEACTBEHHO C UCIIOJIb30BAHHUEM YPaBHEHUS (1); «-» HC I/I3MepeHO)

Accuracy (precision and trueness) of the ana-
lytical method

The relative standard deviations (%RSD) were
evaluated based on analyzing of replicate spiked sam-
ples and were below than 5% for all concentrations in
the dynamic range. The percentage recoveries varied
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in the range of 96-107% (Table 3) confirmed satisfac-
tory reliability of the analysis.
Determination of methanol, ethanol and their
metabolic products in plasma samples of patients
Nine plasma samples collected from 9 metha-
nol poisoning patients (in 2018) in Poison Control
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Center of Bach Mai hospital were analysed using the
above proposed analytical procedure. It was confirmed
that the patients were overexposure with methanol.
They accidentally or deliberately ingested methanol as
a substitute for ethanol.

The amount of methanol, ethanol, formic and
acetic acid found in the samples by gHNMR compared
with methanol and ethanol concentrations determined
by GC/FID were given in the Table 4. Despite of the
very complicated matrix of plasma, the successful
quantification of all four substances in human plasma
samples with acceptable deviation of 2-23%makes
gHNMR possible method for a quick and precise de-
termination of methanol in blood and treatment moni-
toring. The different ratios of formic acid to methanol
concentration or of acetic acid to ethanol concentra-
tions in patient’s plasma samples suggested that the
changes of methanol and ethanol to acids dependent on
the duration since patients drunk alcohol. Therefore,
the determination of formic acids and acetic acid to

Ta Thi Thao et al.

gether with methanol and ethanol is necessary to help-
ful doctors to decide suitable treatments.

Table 3
Extraction and %RSD of four analytes in plasma samples
Ta6nuya 3. U3Bnedenne nu % RSD yerbipex aHaiuToB
B 00pa3nax mia3msl

Concentration RSD Recovery
(mg/L) in spiked o percentage
plasma samples 0 (%)
79 3.95 10142
Methanol 790 4.67 1062
3950 1.90 1001
79 4.79 99+2
Ethanol 790 4.75 1052
3950 1.83 1001
Formic 108 3.55 97+2
acid 1080 4.62 1042
5400 3.44 102+2
Acstic 105 2.60 1031
acid 1025 4.13 108+2
5250 0.92 99+2
Table 4

Concentrations of methanol, ethanol and their respective acids in 9 plasma samples
Tabauya 4. KoHueHTpauuMu MeTaHoJIa, 3TAHOJIA U UX COOTBETCTBYIOLIMX KMCJIOT B 9 o0pasuax miasmsl

Formic acid, Acetic acid,

N | Patient Methanol (mg/L) Ethanol (mg/L) mg/L m/L

NMR | GC/FID | Bias (%) | NMR | GC/FID | Bias (%) NMR NMR
1| Casel | 969 867 +12 427 514 -17 354 154
2 | Case2 | 2301 2348 -2 N.D. N.D. - 779 -
3 | Case 3 | 1045 1312 -20 539 571 -5 N.D. -
4 | Cased | 2274 1973 +15 N.D N.D. - 1001 -
5| Case5 | N.D N.D - 4525 3680 +23 N.D. 102
6 | Case6 | N.D. N.D. - 1954 1900 +3 N.D. 116
7 | Case7 | 473 407 +16 600 580 +3 518 63.7
8 | Case 8 | 2250 2061 +9 787 794 -1 641 62.8
9 | Case9 | 408 366 +12 423 450 -6 104 182

Note: (N.D. not detected; “-” could not be determined or calculated)

@

[pumeuanns: (N.D. He oOHapykeH;

CONCLUSION

A rapid qHNMR method for simultaneous
quantification of methanol, ethanol and their acid met-
abolic products in plasma samples was developed, val-
idated and applied for analysis of 9 patient’s plasma
samples. Compared to a traditional GC/FID method
that needs derivation reactions of acetic acid and for-
mic acid before chromatographic analysis, the quanti-
tative *H-NMR method with good linearity and accu-
racy was found to be more suitable for simultaneous
determination of selected compounds. The simple
plasma preparation using TCA deproteinization and

ChemChemTech. 2021. V. 64. N 2

HE MOTJIO OBITh OTIPENIENICHO HIIH PACCUYUTAHO)

absolute quantification could make the proposed
gHNMR method turn to be more comprehensive
method rather than GC/FID that must use standard so-
lutions for making calibration curves. Thus, gHNMR
was shown as a good alternative method in the diagno-
sis and evaluation of methanol treatment poisoning in
Vietnamese hospitals.
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