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Oral anticoagulants have been used for more than 50 years as antithrombotic agents, particularly
in the primary and secondary prophylaxis of thromboembolic disorders. Our study’s purpose is to
synthetize and analyze the toxicological methods used to determine the oral anticoagulants,
described in the literature, so we can identify the optimal methods, taking into consideration the
diversity of forensic medicine workload. In the electronic databases, for the period 1990-2019,
there were identified 56 articles that included the searched keywords. Of these, 28 were included
in our study. We excluded the articles that were not lining up with the objective of our study, the
update-type articles and the case studies. After analyzing the literature, it was observed that liquid
chromatography-mass spectrometry is the ideal method for detecting low-dosed drugs, such as
oral anticoagulants.
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Oral anticoagulants have been used for more than 50 years as antithrombotic agents, particularly in the primary
and secondary prophylaxis of thromboembolic disorders. These drugs are highly effective and widely used. The
response to these drugs is based on the inhibition of the synthesis of vitamin K-dependent clotting factors [1]. The
great individual variability in response to oral anticoagulants is caused by many different factors, as: the rate of
absorption and metabolic transformation, the diet and the genetically determined drug resistance [2, 3]. Therefore,
prescribing these drugs should take into consideration a narrow, sensitive therapeutic index, and it implies a medical
oversight, because of the increased risk of hemorrhage [4-9]. Indeed, therapeutic overdose can be a source of very
serious hemorrhagic accidents, which can cause death, in case of delayed medical intervention [10, 11].

Monitoring the therapeutic effect of these drugs is usually done by measuring a blood coagulation parameter, and
the most commonly used is the international normalized ratio (INR). The risk of hemorrhage increases significantly
and linearly, as soon as this parameter is greater than 3 [12]. However, several situations may require direct
identification and quantification of the anticoagulant agent, especially in forensic cases [13, 14]. Deaths may indeed be
caused by excessive doses of oral anticoagulants, after voluntary or involuntary consumption [15]. Determination of
the INR in post-mortem blood is not possible, therefore only the specific identification of the anticoagulants can
confirm the intoxication [16].

Apart from the first line, represented by the automatic immunological analyzes, available for most common drugs,
the procedures currently used for general unknown screening (GUS) in clinical and forensic toxicology involve
chromatographic techniques, ideally coupled to specific detectors: gas chromatography-mass spectrometry (GC-MS)
[12] or high-performance liquid chromatography (HPLC) coupled to W-diode-array detection (DAD) [17]. However,
none of these methods taken alone is sufficient to identify all possible toxic compounds. For example, some polar
compounds with little or no UV absorbency will not be detected by GC-MS or HPLC-DAD. With MS being more
specific and more reliable than DAD, and GC being limited to volatile and thermally stable compounds, coupling MS
with HPLC seems to be a way to widen the range of compounds that can undergo MS [18].

Electron impact ionization (EI) is the ionization mode generally considered the gold standard for MS detection
specificity. Nevertheless, atmospheric pressure interfaces of the electrospray or APCI type that have superseded all
other types of interface/ionization sources for LC-MS, cannot accommodate electron ionization [18]. Marquet
presented in a literature review [19], several mass spectral libraries using tandem MS (MS-MS), which unfortunately
due to processing requirements are not compatible with GUS. A solution to this limitation could be MS-MS with data-
dependent or information-dependent acquisition (DDA or IDA) that are self-adaptive MS-MS production scan modes
where the mass-to-charge ratios, the intensity of which is above a given threshold, are selected at each unit time [20,
21].
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Experimental part
Material and method

Our study’s purpose is to synthetize and analyze the toxicological methods used to determine the oral
anticoagulants, described in the literature, in order to identify the optimal methods, taking into consideration the
diversity of forensic casuistry.

The articles were searched in the electronic databases platforms PUBMED, RESEARCHGATE and WEB OF
SCIENCE, using keyword combinations in English, such as "legal medicine, forensic, toxicology, anticoagulant, oral,
intoxication, death, method, chromatography, spectrometry”. Studies containing data on toxicological methods for
determining oral anticoagulants were selected.

Results and discussions

In the electronic databases, for the period 1990-2019, 56 articles were identified that corresponded to the above
mentioned search keywords. Of these, 28 were included in our study. We excluded the articles that were not lining up
with the objective of our study, the update-type articles and the case studies.

Choice of biosamples

The concentration of drugs is relatively high in the urine, so this is the sample of choice for comprehensive
screening or for identifying unknown drugs, and more importantly, to identify the metabolites of these drugs [22-24].
Blood, plasma or serum is the sample of choice in the case of quantitative analysis, but, when the concentration of the
drug is very high, this sample can also be used for screening. This can be advantageous, as frequently at the autopsy, it
is the only sample that can be collected [25-37]. Toxicological analysis of hair shafts allows the detection of chronic
drug use, but this sample is controversial due to external contamination [38, 39]. In the literature, several studies have
been identified that used tissues taken from the body as a sample, such as liver or brain [40-43].

Sample preparation

In the toxicological determination of oral anticoagulants it is very important to find a suitable preparation method
for each type of sample. This may involve cleavage of conjugates, extraction and derivatization preceded or followed
by clean-up steps. For LC-MS it is known that the method of preparation of the sample is the least complicated.
Nonetheless, a more or less selective extraction is also important for LC-MS [44], especially in order to avoid ion
suppression effects [44-48]. Cleavage of conjugates can be performed by fast acid hydrolysis or by gentle, but time-
consuming enzymatic hydrolysis [49]. Isolation can be performed by liquid-liquid extraction (LLE) at a pH at which
the analyte is non-ionized or by solid-phase extraction (SPE) preceded or followed by clean-up steps. Depending on
the type of the sample, for SPE, it is necessary to apply a pretreatment, for blood and tissues some steps of
deproteinization and centrifugation are necessary, whereas for urine, a simple dilution or centrifugation is sufficient
[50]. Most recent studies have introduced a new extraction method, called solid-phase microextraction (SPME), which
is based on adsorption of the analyte on a stationary phase coating to fine rod of fused silica [51, 52]. Derivatization
steps are necessary, if relatively polar compounds containing carboxylic, hydroxy, primary or secondary amino groups
are to be determined, and if electronegative moieties have to be introduced into the molecule for sensitive negative ion
chemical ionization (NICI) detection [53].

Chromatographic and electrokinetic procedures
The techniques for toxicological determination of oral anticoagulants analyzed in the literature are summarized in
Table 1.

Table 1
TOXICOLOGICAL PROCEDURES FOR DIRECT ORAL
ANTICOAGULANTS DETERMINATION

References|Procedures|Sample|Work-up |Detection mode|Limit of detection
[53] GC-MS Urine |EX-ME |EI 25 ng/ml

[54] LC Serum [SPE FL, 318/390 1 ng/ml

[55] LC Serum |LLE FL, 318/390 1-2 mg/g

[56] LC Liver |LLE-SPE |FL, 310/390 2-10 ngl/g

[57] LC Serum [LLE UV, 285 20-75 ng/ml

[58] LC Serum [LLE DAD 25-100 ng/ml

[31] LC Hair  [SPE DAD -

[29] TLC Urine |SPE, LLE|DDCI, FeCI3  [50-200 ng/ml

[22] TLC Serum [LLE UV scanner 200 ng/ml

GC-MS - gas chromatography—mass spectrometry, LC — liquid chromatography;
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TLC - thin-layer chromatography; EX-ME — extractive methylation;

SPE — solid-phase extraction; LLE — liquid-liquid extraction;

El — electron impact ionization;

FL — fluorescence detector / detection; DAD — (photo) diode array detector / detection;
DDCI - 2,6-dichloroquinone-4-chloroimide

Linearity

Baranowska et al. [22] evaluated the calibration curves at six concentration levels, and for each concentration
triplicate injections were applied. In the study of Fourel et al. [25], five replicates of spiked drug-free dog plasma
samples for four different concentrations were performed for a total of twenty extractions and the peak area was then
used in conjunction with the calibration curve to determine the concentration in contaminated plasma samples. Di
Rago et al. [27] evaluated the linearity based on comparisons of regression analysis with no weighting, 1/x and 1/x2.
In the study of Gonzales et al. [29], for calibration purposes, the most suitable solution was chosen by analyzing the
relative error values of the calibration standard concentrations and the linearity of the calibration curves. Denooz et al.
[31] used the absolute beta-expectation tolerance limits, with acceptance limits at 20% expressed in the concentration
units.

Precision and accuracy

Baranowska et al. [22] evaluated this criterion using standard mixture solution of the drugs under optimal
conditions six times in one day for intra-day variation and three times a day on three consecutive days for the inter-day
variation, expressed as the relative standard deviation. In the study of Fourel et al. [25], the intra-day accuracy was
evaluated by performing five replicates of four spiked samples and the inter-day precision was evaluated three
different days by performing two replicates of a spiked sample chosen in the middle of the concentration range. Di
Rago et al. [27] evaluated the precision and accuracy of performing calculations using a full seven-point calibration
curve and compared with one-point calibrations. To evaluate the accuracy and precision of the method, Gonzales et al.
[29] analyzed the spiked samples with low, medium and high drug concentrations.

Specificity

To assess the specificity of the method, Baranowska et al. [22] used drug-free samples, and the retention times of
endogenous compounds in the urine were compared with those of direct oral anticoagulants. Fourel et al. [25] tested
the specificity for the 14 compounds with 20 blank plasmas, and there were no interferences to be found. Di Rago et
al. [27] used post-mortem blood samples sent to the laboratory for toxicological analysis and whole blood samples
collected from drug-free volunteers, in order to evaluate the method's specificity. Gonzales et al. [29] used only 6
blank plasma samples from different healthy volunteers.

Applicability of the method

Baranowska et al. [22] analyzed samples taken from hospitalized patients who were treated with direct oral
anticoagulants. The concentrations of the drug ranged between 3.14-6.81 ug mL™. Di Rago et al. [27] analyzed 397
post-mortem blood samples and the cases that were above the highest calibrator were diluted appropriately to
concentrations within the calibration range. Gonzales et al. [29] obtained plasma samples from 19 different patients
under treatment with acenocoumarol between 1 and 20 hours after the oral intake of the drug. Besides studying
guantitation and confirmation transitions, their ratio was measured and compared with the ratio obtained for a standard
solution.

Conclusions

Systematic toxicological analysis covers the basic drugs, which are also the most important toxicants. However, it
is necessary that drugs such as oral anticoagulants should be taken into consideration and be analyzed in forensic
cases.

After analyzing the literature, it is observed that liquid chromatography—mass spectrometry is the ideal method to
detect more polar, unstable or low-dosed drugs, such as oral anticoagulants. Moreover, high-performance liquid
chromatography (HPLC) method with ultraviolet (UV) detection has been developed and validated for
acenocoumarol, which is the antithrombotic of choice in Romania.

References

1.LIPPI, G., SALVAGNO, G.L., MONTAGNANA, M., ET AL., Quality standards for sample collection in coagulation testing, Semin Thromb
Hemost, 38, nr. 6, 2012, 565-575.

2.HARENBERG, J., MARX, S., WEISS, C., KRAMER, R., SAMAMA, M., SCHULMAN, S., Subcommittee on Control of Anticoagulation of
the ISTH. Report of the Subcommittee of Control of Anticoagulation on the determination of the anticoagulant effects of rivaroxaban, J Thromb
Haemost, 10, nr. 7, 2012, 1433-1436.

3.GRAY, E., HARENBERG, J., ISTH Control of Anticoagulation SSC Working Group on Thrombin Inhibitors. Collaborative study on
monitoring methods to determine direct thrombin inhibitors lepirudin and argatroban, J Thromb Haemost, 3, nr. 9, 2005, 2096—-2097.

REV.CHIM.(Bucharest) ¢ 71 ¢ no. 1 ¢ 2020 310 http://www.revistadechimie.ro



4. MISMETTI, P., LAPORTE, S., New oral antithrombotics: a need for laboratory monitoring, J Thromb Haemost, 8, nr. 4, 2010,
621-626.

5.10V, T, BULGARU-ILIESCU, D, KNIELING, A, DAMIAN, SI, Venous post-puncture thrombosis: complication versus medical
error, International Journal of Medical Dentistry, 2019, vol. 23, no. 2: 178-183

6.DUMBRAVA, D.P., RADU, C.C., TABIAN, D., VESA, S.C,, FULGA, I, CHIROBAN, O., The relation between suicide by
chemical substances and the level of education, Rev. Chim.(Bucharest), 70, no. 7, 2019, 2643-2646.

7.MAGDA-ECATERINA, ANTOHE, MONICA, ANDRONACHE, RAMONA, FEIER, OVIDIU, STAMATIN, CONSUELA,
FORNA NORINA, Aspects of oral rehabilitation using removable dentures: esthetics and functionality, Romanian Journal of Oral
Rehabilitation, 2018, vol. 10, no. 1: 133-139

8.Bolat, Maria, Nicolae, Bosinceanu Dan, Baciu, Elena Raluca, Forna, Doriana Agop, Bosinceanu, Dana Gabriela, Forna, Norina
Consuela, Partial dentures-succeses and failures, Romanian Journal of Oral Rehabilitation, 2017, vol. 9, no. 4: 93-96
9.HARENBERG, J., MARX, S., ERDLE, S., KRAMER, R., Determination of the anticoagulant effects of new oral anticoagulants: an
unmet need, Expert Rev Hematol, 5, nr. 1, 2012, 107-113.

10.LANDEFELD, C.S., BEYTH, R.J., Anticoagulant-related bleeding: Clinical epidemiology, prediction, and prevention, Am J Med,
95, 1993, 315-28.

11.RADU, C.C., BULGARU-ILIESC, D., Claims of ,,uniqueness” in forensic medicine, Romanian Journal of Legal Medicine, 24, nr.
4, 2016, 343-345.

12.WU, AH., MCKAY, C., BROUSSARD, L.A., ET AL, National Academy of Clinical Biochemistry Laboratory Medicine.
National academy of clinical biochemistry laboratory medicine practice guidelines: recommendations for the use of laboratory tests to
support poisoned patients who present to the emergency department, Clin Chem, 49, nr. 3, 2003, 357-379.

13.SCHULZ, M., SCHMOLDT, A., Therapeutic and toxic blood concentrations of more than 500 drugs, Pharmazie, 52, 1997, 895—
911.

14.RADU, C.C., PODILA, C., CAMARASN, A., BULGARU-ILIESCU, D., PERJU-DUMBRAVA, D., Ethical proffesional-personal
model of making decisions in forensic medicine, Romanian Journal of Legal Medicine, 25, nr. 3, 314-316.

15.HU, Z2.Y., PARKER, R.B., HERRING, V.L., LAIZURE, S.C., Conventional liquid chromatography/triple quadrupole mass
spectrometry based metabolite identification and semi-quantitative estimation approach in the investigation of in vitro dabigatran
etexilate metabolism, Anal Bioanal Chem, 405, nr. 5, 2013, 1695-1704.

16.PFLEGER, K., MAURER, H.H., WEBER, A., Mass Spectral Library of Drugs, Poisons, Pesticides, Pollutants and their
Metabolites, 3rd ed., Eds. Agilent Technologies, Palo Alto, CA, 2000.

17.MAIER, R.D., BOGUSZ M., Identification power of a standardized HPLC-DAD system for systematic toxicological analysis, J.
Anal. Toxicol., 19, 1995, 79-83.

18.KOPPEL, C., TENCZER, J., Scope and limitations of a general unknown screening by gas chromatography-mass spectrometry in
acute poisoning, J. Am. Soc. Mass Spectrom., 6, 1995, 995-1003.

19.MARQUET, R., Is LC-MS suitable for a comprehensive screening of drugs and poisons in clinical toxicology? Ther. Drug Monit.,
24,2002, 125-133.

20.DECAESTECKER, T.N., CLAUWAERT, K.M., VAN BOCXLAER, J.F., ET AL., Evaluation of automated single mass
spectrometry to tandem mass spectrometry function switching for comprehensive drug profiling analysis using a quadrupole time-of-
flight mass spectrometer, Rapid Commun. Mass Spectrom., 14, 2000, 1787-1792.

21.FITZGERALD, R.L., RIVERA, J.D., HEROLD, D.A., Broad spectrum drug identification directly from urine, using liquid
chromatography- tandem mass spectrometry, Clin. Chem., 45, 1999, 1224-1234.

22.BARANOWSKA, |, MARKOWSKI, P., BARANOWSKI, J., Development and validation of an HPLC method for the
simultaneous analysis of 23 selected drugs belonging to different therapeutic groups in human urine samples, Analytical sciences, 25,
2009, 1307-1313.

23.PELANDER, A., OJANPERA, I, SISTONEN, J., RASANEN, I., VUORI, E., Screening for basic drugs in 2-mL urine samples by
dual-plate overpressured layer chromatography and comparison with gas chromatography-mass spectrometry, J Anal Toxicol, 27,
2003, 226-32.

24 VALLI, A., POLETTINI, A., PAPA, P., MONTAGNA, M., Comprehensive drug screening by integrated use of gas
chromatography/ mass spectrometry and Remedi HS, Ther Drug Monit, 23, 2001, 287-94.

25.FOUREL, I., HUGNET, C., GOY-THOLLOT, I., BERNY, P., Validation of a New Liquid Chromatography— Tandem Mass
Spectrometry lon-Trap Technique for the Simultaneous Determination of Thirteen Anticoagulant Rodenticides, Drugs, or Natural
Products, Journal of Analytical Toxicology, 34, 2010, 95-102.

26.KOLLROSER, M., SCHOBER, C., Determination of Coumarin-type Anticoagulants in Human Plasma by HPLC-Electrospray
lonization Tandem Mass Spectrometry with an lon Trap Detector, Clinical Chemistry, 48, nr. 1, 2002, 84-91.

27.DI RAGO, M., SAAR, E., RODDA, L.N., ET AL., Fast Targeted Analysis of 132 Acidic and Neutral Drugs and Poisons In Whole
Blood Using LC-MS/MS, Forensic Science International, 243, 2014, 35-43.

28.HUNEA, |, DAMIAN, SI, RADU, CC, MOLDOVEANU, S, 10V, T, Postmortem Specificity of Troponin for Acute Miocard
Infarction Diagnosis throug Qualitative Dosing from Pericardial Fluid, Rev. Chim. (Bucharest), 69, no. 9, 2018, p. 2482-2486
29.GONZALEZ, O., ALONSO, R.M., FERREIROS, N., ET AL., Development of an LC-MS/MS method for the quantitation of 55
compounds prescribed in combined cardiovascular therapy, Journal of Chromatography B, 879, 2011, 243-252.

30.DAVID, SOFIA; KNIELING, ANTON; SCRIPCARU, CALIN; et al., Study of Carbon Monoxide Intoxication in Fire Victimis, ,
Rev. Chim. (Bucharest), 68, no. 12, 2017, p.2932-2935

31.DENOOZ, R., DOUAMBA, Z., CHARLIER, C., Fatal intoxications by acenocoumarol, phenprocoumon and warfarin: Method
validation in blood using the total error approach, Journal of Chromatography B, 877, 2009, 2344-2348.

32.SCRIPCARU, V, 10V, T, KNIELING, A, DAVID, SM, RADU, CC, Suicide and blood types, Romanian Journal of Legal
Medicine, 2018, vol. 26, no. 2: 206-208

33.DUMBRAVA, DP, RADU, CC, CHIROBAN, O, BULGARU-ILIESCU, D, 10V, T, DAMIAN, SI, URECHE, D, Retrograde
Extrapolation of Blood Alcohol Concentration A theoretical and practical approach, Rev. Chim. (Bucharest), 70, no. 2, 2019, p.407-
409

34.PERJU DUMBRAVA, RADU, CC, DAVID, S, IOV, T, IOV, CJ, SANDU, I, ILIESCU, DB, The Importance of Alcohol Testing
by Gas Chromatography vs the Cordebard Classical Method Modified in the Medico Legal Investigation, Rev. Chim. (Bucharest), 69,
no. 9, 2018, p. 2407-2410

35.ROMILA, L, SACHELARIE, L, VASILIU, M, IOV, C, ZAHARIA, A, POPARLAN, NT, BURLUI, A, Applications of plasma in
medicine, International Journal of Medical Dentistry, 2018, vol. 22, no. 4: 351-357

REV.CHIM.(Bucharest) ¢ 71 ¢ no. 1 ¢ 2020 311 http://www.revistadechimie.ro



36.KAMMERER, B., KAHLICH, R., UFER, M., ET AL., Determination of (R)- and (S)-phenprocoumon in human plasma by
enantioselective liquid chromatography/electrospray ionisation tandem mass spectrometry, Rapid Commun. Mass Spectrom., 18,
2004, 458-464.

37.HARENBERG, J.,, KRAEMER, S., DU, S., ET. AL., Determination of Direct Oral Anticoagulants from Human Serum Samples,
Semin Thromb Hemost, 40, 2014, 129-134.

38.GAILLARD, Y., PEPIN, G., Screening and identification of drugs in human hair by high-performance liquid chromatography-
photodiode-array UV detection and gas chromatography-mass spectrometry after solid-phase extraction - A powerful tool in forensic
medicine, Journal of Chromatography A,762, 1997, 251-267.

39.MUSSHOFF, F., JUNKER, H.P., LACHENMEIER, D.W., KROENER, L., MADEA, B., Fully automated determination of
amphetamines and synthetic designer drugs in hair samples using headspace solid-phase microextraction and gas chromatography-
mass spectrometry, J Chromatogr Sci, 40, 2002, 359-64.

40.VAN BOCXLAER, JF., CLAUWAERT, K.M., LAMBERT, W.E., ET AL., Liquid chromatography-mass spectrometry in
forensic toxicology, Mass Spectrom Rev, 19, 2000, 165-214.

41.MARQUET, P., Progress of LC-MS in clinical and forensic toxicology, Ther Drug Monit, 24, 2002, 255-76.

42 ALEXA-STRATULAT, T., NEAGU, M., NEAGU, A.l.,, ALEXA, I.D., IOAN, B.G., Consent for participating in clinicaltrials - Is
it really informed?, Developing World Bioeth., 18, 2018, 299-306.

43.GERGOV, M., OJANPERA, I., VUORI, E., Simultaneous screening for 238 drugs in blood by liquid chromatography-ion spray
tandem mass spectrometry with multiple-reaction monitoring. J Chromatogr B, Analyt Technol Biomed Life Sci, 795, 2003, 41-53.
44 DECAESTECKER, T.N., COOPMAN, E.M., VAN PETEGHEM, C.H., VAN BOCXLAER, J.F., Suitability testing of commercial
solidphase extraction sorbents for sample clean-up in systematic toxicological analysis using liquid chromatography-(tandem) mass
spectrometry, J Chromatogr B, 789, 2003, 19-25.

45.LIANG, H.R., FOLTZ, R.L., MENG, M., BENNETT, P., lonization enhancement in atmospheric pressure chemical ionization and
suppression in electrospray ionization between target drugs and stable-isotope-labeled internal standards in quantitative liquid
chromatography/tandem mass spectrometry, Rapid Commun Mass Spectrom, 17, 2003, 2815-21.

46.MORTIER, K.A., CLAUWAERT, K.M., LAMBERT, W.E., ET AL., Pitfalls associated with liquid chromatography/electrospray
tandem mass spectrometry in quantitative bioanalysis of drugs of abuse in saliva, Rapid Commun Mass Spectrom, 15, 2001, 1773-5.
47.NEAGU, M., ALEXA-STRATULAT, T., NEAGU, A.l, ALEXA, 1.D., ALEXA, O., Road Traffic Accidents — A study of
orthopedic injuries consequences. Romanian Journal of Legal Medicine, Rom J Leg Med, 26, 2018, 192-197.

48.10V, T, DAMIAN, SI, DAVID, SM, VICOL, MC, KNIELING, A, BULGARU-ILIESCU, DB, Injuries caused by the safety belts
of vehicles, International Journal of Medical Dentistry, 2018, vol. 22, no. 3:223-228

49.DRUMMER, O.H., GEROSTAMOULOS, J., Postmortem drug analysis: analytical and toxicological aspects, Ther Drug Monit,
24,2002, 199-2009.

50.SORIANO, T., JURADO, C., MENENDEZ, M., REPETTO, M.. Improved solid-phase extraction method for systematic
toxicological analysis in biological fluids. J Anal Toxicol, 25, 2001, 137-43.

51..SPORKERT, F., PRAGST, F., Use of headspace solid-phase microextraction (HS-SPME) in hair analysis for organic compounds,
Forensic Sci Int, 107, 2000, 129-48.

52.FUCCI, N., DE GIOVANNI, N., CHIAROTTI, M., SCARLATA, S., SPMEGC analysis of THC in saliva samples collected with
‘EPITOPE’ device, Forensic Sci Int, 119, 2001, 318-21.

53.MAURER, H.H, ARLT, J.W., Detection of 4-hydroxycoumarin anticoagulants and their metabolites in urine as part of a
systematic toxicological analysis procedure for acidic drugs and poisons by gas chromatography—mass spectrometry after extractive
methylation, J. Chromatogr. B, 714, nr. 2, 1998, 181-195.

54.CHALERMCHAIKIT, T., FELICE, LJ., MURPHY, M.J., Simultaneous determination of eight anticoagulant rodenticides in
blood serum and liver, J Anal Toxicol, 17, nr. 1, 1993, 56-61.

55.RENGEL, I., FRIEDRICH, A., Detection of anticoagulant rodenticides (4-hydroxycoumarins) by thin-layer chromatography and
reversed-phase high-performance liquid chromatography with fluorescence detection, Vet. Res. Commun., 17, nr. 6, 1993, 421-427.
56.JONES, A., HPLC determination of anticoagulant rodenticide residues in animal livers, Bull. Environ. Contam. Toxicol, 56, nr. 1,
1996, 8-15.

57.KUIJPERS, E.A., DEN HARTIGH, J., SAVELKOUL, T.J., DE WOLFF, F.A., A method for the simultaneous identification and
quantitation of five superwarfarin rodenticides in human serum, J Anal Toxicol, 19, nr. 7, 1995, 556-62.

58.LOTFI, H., DREYFUSS, M.F., MARQUET, P., DEBORD, J., MERLE, L., LACHATRE, G., A screening procedure for the
determination of 13 oral anticoagulants and rodenticides, J Anal Toxicol, 20, nr. 2, 1996, 93-100.

Manuscript received: 22.11.2019

REV.CHIM.(Bucharest) ¢ 71 ¢ no. 1 ¢ 2020 312 http://www.revistadechimie.ro



