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Abstract

Rapid and reliable methods for identification of chlorhexidine (CHD) and nonylphenolethoxylates @NPEDtiseptic and hemolyzed blood
using electrospray ionization mass spectrometry (ESI-MS) were developed. Fragmental analysis provides accurate evidence for the presen
CHD in the samples. For the determination of CHD in hemolyzed blood, the method was also developed using LC-ESI-MS. Linearity of calibrati
curve was obtained over the concentration range of 0.{glrhL with residuals from-4.3 to 6.7%. We applied the methods to the case of suicidal
injection of antiseptic and successfully detected CHD and NPE@Nn hemolyzed blood. The CHD concentration was g§amL.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction with a UV detector (HPLC-UML,4,6—10]and gas chromatog-
raphy mass spectrometry (GC-M[S].

A case of accidental intravenous injection to a patient, a fatal LC-ESI-MS has higher sensitivity and selectivity than HPLC-
case of suicidal injection, and a case of mixing these compoundgV and gives more information for identification. For the detec-
into beverages have been reportkd3]. Therefore, antiseptics tion of surfactants in samples such as beverages, the meth-
and surfactants are important compounds from a forensic toxieds using liquid chromatography-electrospray ionization mass
cological point of view. spectrometry (LC-ESI-MS) and LC-ESI tandem mass spec-

Chlorhexidine (CHD), 1/thexamethylenebis [5-(4- trometry (LC-ESI-MS/MS) have been reported from stand-
chlorophenyl) biguanide], is one of the most widely usedpoint of forensic chemistry2,3]. But there is no report inves-
antiseptics. In addition, it is also used as ingredient of healthtigating for CHD and NPE® in human fluids using these
care products such as mouth rinses, contact lens cleaners, bumethods.
cream, and cosmetics. Some products of CHD contain surfac- Electrospray ionization is a suitable technique for the detec-
tants such as nonylphenolethoxylates (NPE@s additives. tion of the compounds which have the lack of volatility, ther-
So, the detection of these additives supports the identificatiomal stability, and the presence of quaternary amine moieties
of CHD containing preparats. [11-19] Therefore, it is very suitable to use ESI-MS technique

There are many reports about the determination of CHD irfor determination of CHD and NPEOIn an analysis of CHD
biological fluids using high performance liquid chromatographyand NPEQ by ESI-MS, specific molecular-related ions would

be measured. Furthermore, fragmental analysis would strongly
identify these compounds. In this study, appropriate extraction
* Corresponding author. Tel.: +81 22 717 7525; fax: +81 22 717 7545. and ESI technique was applied to a surely identification of CHD
E-mail address: jun-goto@pharm.med.tohoku.ac.jp (J. Goto). and NPEQ in hemolyzed blood.

1570-0232/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2005.11.051



106 K. Usui et al. / J. Chromatogr. B 831 (2006) 105-109

2. Materials and methods was mixed with 2.5mL of deionized water microtube and
the mixture was applied to the Extrelut NT3 cartridge. After
2.1. Chemicals and reagents wards, the cartridge was held for 5min. Then NRE®as

eluted with 5 mLx 3 of chloroform. After total evaporation of

CHD gluconate solution (20%) was purchased from Wakachloroform under a nitrogen stream at°4D) the residue was
pure chemical industries, Ltd. (Osaka, Japan) and stored atconstituted with 20Q.L of deionized water. An aliquot was
4°C in the dark. Acetonitrile was of LC-MS grade, and per- directly analyzed by infusion analysis (direct ESI-MS in positive
chloric acid (60%) was of analytical grade from Wako puremode).
chemical industries, Ltd. (Osaka, Japan) ammonium acetate
and trifluoroacteic acid were purchased from Kanto chemica& 3. Infusion analysis (direct ESI-MS)
co Ltd. (Osaka, Japan). ExtreéfutNT3 was purchased from
Merck (Darmstadt, Germany). Product of CHD, STERICL®N

. 0 . Infusion analysis was used for identification of CHD and
solution 5 (5% CHD gluconate), was purchased from KeneN EQuinthe infused liquid and of NPE@INn the blood extracts.
pharmaceutical co., Ltd. (Osaka, Japan). Other chemicals us

i e infused liquid and a standard compound in antiseptic were
were of analytical grade. diluted thousand fold with deionized water, and this diluent was
directly introduced to a mass spectrometer. A syringe pump used
was a Model 11 single syringe (Harvard Apparatus, Inc. USA).
Stock solution of CHD standard was prepared in deionized:l.OW rate wag_set at _J;ﬂ_/mln. The syringe was connected

with a fused silica capillary to a ZMD 4000 mass spectrometer

water (12Gwg/mL) and stored in a plastic vesse| &t@n the (Micromass, UK) with electrospray ionization probe. The cap
dark, because CHD is known to be absorbed to glassigre . ' : )
. ! W glassidar illary and cone voltage were set at 3.00kV and0 V, respec-

To obtain the calibration standards for CHD at the Concentratively The source block and the desolvation temperatures were
tion range of 0.11-11.@g/mL, the working solution was spiked : . .
g fg g b set at 100 and 15CC, respectively. The nebulizing gas flow rate

?n;?(;:)rrgt%rkljaetse.ly into drug-free hemolyzed blood in polypropylenewas set at 200 L/h. MS data were collected as total ion current
The extraction of CHD from hemolyzed blood was performed(Tlc)'

according to the method of Kudo et 1] with minor modi-

fication. Briefly, 20QuL of hemolyzed blood was mixed with 2.4. LC-MS condition

equal volume of deionized water in a polypropylene microtube.

One hundred microliters of 10% perchloric acid was added to For LC-MS system, the following instrumentation was used:

the mixture and mixed vigorously for 30s. Then the mixtureHPLC system used was a NANOSPACE SI-1l (Shiseido, Japan).

was centrifuged at 1639 g for 5 min and the supernatants were Reversed-phase chromatography was performed on a TSKgel

transferred to another microtube. Potassium carbonatgl(h0 ODS-100V (TOSOH, Japan 2.0 mm50 mm, 5um) with a

was added to neutralize and remove the excess of perchloric agilard cartridge CAPCELL PAK MG Il (Shiseido, Japan;

from the supernatant. An aliquot of 1 of the supernatantwas 2.0 mmx 10 mm, 3um) using isocratic elution with acetoni-

injected onto the column. trile/water/trifluoroacetic acid (65/35/0.1, v/v/v) at a flow rate
The extraction of NPE®@ from hemolyzed blood was per- of 200uL/min. The column temperature was set maintained at

formed on Extreld® NT3 cartridge. Hemolyzed blood (2q.) 22°C. The injection volume was 30L. This HPLC system was

100 e B 505
E
oy |2se o o sTERICLON ®

. ” 634 1000 -fold dilution
] 590 766

o ( 546

178 F 02 35 p7or23| 810

133 D ol 767
bes 92 854
184 [ 396353 45 48 |'sos__ NPEON
942 1030

0 J.u.LL ..1[[44;' ‘l-l—nl ikt kLA RLLRL LR luln l T 9?6 % J074”62m/2

100 200 300 400 500 600 700 800 900 1000 1100 1200
53 505

100 2
177 (254 678
507 722 .
b 635 Infused Liquid
o 591 766 1000 -fold dilution
% - 170 s
. 178 50 436 80 724 | 810
274 Lup 35 92| 768 gs55
= 1379 i 3431 i & [ l l 898942 gg5 1031
0 Ll ﬂf a0 R T TV T TV TN 0 O Ol [ 5
1

00 200 300 400 500 600 700 800 900 1000 1100 1200

2.2. Sample preparation and extraction procedure

N

Fig. 1. Comparison of mass spectra (infusion analysis) obtained for antiseptic (upper) and infused liquid (bottom) in positive ion mode. Asgréakefdifferent
by 44 mass units is typical of polyoxyethylene-related surfactant.
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L. - Because CHD has two chlorines in its structure, observed
| Y P IV | S spectrum shows a characteristic isotope ratio. Two molecular-
150 200 250 300 350 400 450 500 550 600 related ions of CHD, protonated molecular ion [M +Hjn/z
Fig. 2. Comparison of mass spectra obtained for antiseptic and infused liqui®05) and doubly charged molecular ion [M + ZHYmlz 253),
in negative ion mode. are also discriminating feature. So confirmation of isotope ratio,

molecular-related ions, and fragment ions are very important to

. _ identify CHD in samples as shown kig. 3.
coupled with a ZMD 4000 mass spectrometer (Micromass, UK) A series of the peaks different by 44 mass units was also

equipped with an electrospray ionization probe. The .Capi”aryobserved in positive mode~ig. 1). This distribution of the
and con& vo‘l(tagzvglﬁ re dSEt ?t 3t"00 l;V and 2? Vi respecuvetly. tTlhggaks different by 44 mass units was typical of polyoxyethylene-
source block and the desolvalion temperatures were set a ated surfactant and identical with molecular-related ions of the

a?gotol?;r? ,I\;lessge::twely. Thﬁ nfbéjllzmgﬂ?as_rfllgvy rate Y[\(as Seé’\lPEOa (NH4 and Na adduct ions). The intense ions observed
a i : d a avlverte ((;O ecte is © eglM n 2(5)2' |v?jan n the spectrum except for ions from NPE@ere reasonably
negative mode or selected ion monitoring (SIMy# an assigned as shown Fig. 3

mlz 505 (the both of them are molecular-related ions of CHD). In negative mode, deprotonated molecular ion of gluconic
acid ([M— H]~) was observed at/z 195 and also some intense

3. Results and discussion peaks originated from CHD were observédy. 2) and reason-
ably assigned as shown fifig. 4.
3.1. Mass spectrum of antiseptic (STERICLON®) These intense peaks in positive and negative ion modes were

very useful for identification of CHD in the samples.

To identify CHD in the samples, the intensive peaks in the
spectra were assigned in detail taken in infusion analysis. Frag-2. LC-ESI-MS
mental analysis was performed based on mass shift rule which
was proposed by Nakaf20,21] This rule is very useful to pre- 3.2.1. Calibration curve
dict fragmentations of even-electron organic ions. Refer to the The calibration curve of seven standards for CHD in

reference for details. hemolyzed blood was obtained by plotting the weighed
Mass spectra of antiseptic obtained by infusion analysis ar€l/concentration) peak area against their concentration. Lin-
shown inFig. 1 (positive mode) anérig. 2 (negative mode). ear response over the concentration range of 0.10-4k¥riL
A Chlorhexidine (_) .
ey it
O W AT~ R
Cl

H
MW 504.2 / m/z 353.2
[ ) l

- 2H+
HHH NH NH Cl “ ﬂ “ "
O Oyt
Cl

Q“;E:‘Y"M*rr‘n A
o N "R H W miz177.1
[M+H]* m/z505.2
@ R
L (;V(:’r N \l‘{H H
©) H
= W HH NH NH cl m/z336.1
/OJ“TﬂTNW\/\NJLﬁJLN
cl NH NH H H, H G) am
[M+2H]2* m/z253.1 - y NS'LH N/C( m/z170.0
" H

Fig. 3. Proposed fragment pathways of chlorhexidine on ESI-MS in positive ion mode. The alphabets in this figure indicate the same Bamples in
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Fig. 5. Total ion chromatograms and mass spectra of standard CHD and the decedent’s blood extract.

(0.10, 0.25, 0.50, 1.0, 2.5, 5.0, 11.08/mL) was demonstrated ., 634
(r=0.996). The recoveries of each point were 96-107%. The 678
limit of detection (LOD) is 18.3 ng/mL and limit of quantitation '
(LOQ) is 100 ng/mL.
It is well known that CHD is easily adsorbed to the HPLC 515 |24[44] 24
system including columnil,4] and carryover peaks are often o, |
detected especially in SIM mode. So it was difficult to esti-
mate the reliable values at the low concentration range (below

0.1pg/mL).

.. . L. iy ‘ ke nanannay m/z
3.2.2. A case of suicide by intravenous injection of 300 400 500 600 700 800 900 1000

antiseptic . .. Fig. 6. Mass spectrum of the decedent’s blood extract. This distribution of the
A 23-year-old female nurse was found dead in her room Withyeais different by 44 mass units was typical of polyoxyethylene-related sur-

her left arm connected to a drip bag through an intravenous drifactant and identical with molecular-related ions of the NRESH4 and Na

line. It was strongly suspected the self-injection of antisepticdduct ions).

because a red colored solution was remained in the drip bag.

The decedent’s hemolyzed blood and the infused liquid werand was identical with the molecular-related ions of the NREO

collected for toxicological analysis. (NH4 and Na adduct ions).
The methods described in previous section were used to iden-
tify CHD and NPEQ: in the samples. 4. Conclusion

Infusion analysis (direct ESI-MS in positive and negative

modes) was performed to analyze the infused liquid because we have devised rapid and reliable methods for identification
we thought that there is less interfering matrix in the infused lig-of CHD and NPE@ in antiseptic and hemolyzed blood sample
uid than other samples such as biological fluids. It revealed thgsing direct ESI-MS or LC-ESI-MS coupled with simple extrac-
presence of CHD and NPEOn the infused liquid Eig. 1, bot-  tion process. The assignments of the peaks derived from CHD
tom). The observed peaks in the infusion |IQUId were identicabnd NPEQ@ on ESI-MS in positive and negative modes were
with control antiseptic (STERICLORsolution). _ made in detail. We applied the methods to the case of suicide,
LC-ESI-MS also revealed the presence of CHD in the bloocand successfully detected the ingredients of antiseptic, CHD and
sample Fig. 5 shows the chromatograms and mass spectra a{{PEQ, from hemolyzed blood and infused liquid, demonstrat-
standard CHD and the blood extract. Both of data were identicalng that antiseptic was used for suicidal injection. This is the first
The concentration of CHD in the blood sample was estimated t@eport of the LC-ESI-MS method both for CHD and NPE£@nd
be 352.g/mL. The concentration of the decedent’s blood wastheir applications for hemolyzed blood. It is suggested that this

much higher than that of reported by Kudo ef]. These data method is greatly useful for forensic case analysis.
provides evidence for the intravenous injection of CHD.

If the decedent used antiseptic of CHD, we must also deteGg oferences
NPEQ: from the blood samplerig. 6 also displays the mass
spectrum of the blood sample extract. The mass spectrunjyj k. Kudo, N. Ikeda, A. Kiyoshima, Y. Hino, N. Nishida, N. Inoue, J.
showed the distribution of the peaks different by 44 mass units  Anal. Toxicol. 26 (2002) 119.



K. Usui et al. / J. Chromatogr. B 831 (2006) 105-109 109

[2] M. Nishikawa, M. Katagi, A. Miki, H. Tsuchihashi, J. Health Sci. 49 [12] C.H. Kerskes, K.J. Lusthof, P.G. Zweipfenning, J.P. Franke, J. Anal.
(2003) 138. Toxicol. 26 (2002) 29.

[3] Y. Adachi, T. Takahashi, Jpn, J. Forensic Sci. Technol. 10 (2005) 99. [13] U. Gutteck-Amsler, K.M. Rentsch, Clin. Chem. 46 (2000) 1413.

[4] L.R. Brougham, H.Y. Cheng, K.A. Pittman, J. Chromatogr. 383 (1986)[14] V. Cirimele, M. Villain, G. Pepin, B. Ludes, P. Kintz, J. Chromatogr. B

365. Anal. Technol. Biomed. Life Sci. 789 (2003) 107.
[5] H. Matsushima, K. Sugimoto, K. Shibata, N. Sakurai, Nippon Eiseigaku[15] H. Tsutsumi, J. Health Sci. 49 (2003) 285.
Zasshi 37 (1982) 762. [16] M. Klys, J. Bialka, B. Bujak-Gizycka, Leg. Med. (Tokyo) 2 (2000)
[6] H. Below, A. Kramer, Microchim. Acta 146 (2004) 129. 93.
[7] T. Pesonen, J. Holmalahti, J. Pohjola, J. Chromatogr. B Biomed. Appl{17] B.D. Andresen, A. Alcaraz, P.M. Grant, J. Forensic Sci. 50 (2005)
665 (1995) 222. 1.
[8] Y.W. Lam, D.C. Chan, S.Y. Rodriguez, J.H. Lintakoon, T.H. Lam, J. [18] C. Farenc, C. Enjalbal, P. Sanchez, F. Bressolle, M. Audran, J. Martinez,
Chromatogr. 612 (1993) 166. J.L. Aubagnac, J. Chromatogr. A 910 (2001) 61.
[9] P. Wainwright, M. Cooke, Analyst 111 (1986) 1343. [19] X.P. Lee, T. Kumazawa, M. Fujishiro, C. Hasegawa, T. Arinobu, H.
[10] H. Tsuchiya, T. Miyazaki, S. Ohmoto, Caries Res. 33 (1999) 156. Seno, A. Ishii, K. Sato, J. Mass Spectrom. 39 (2004) 1147.

[11] H. Sayer, O. Quintela, P. Marquet, J.L. Dupuy, J.M. Gaulier, G. Lachatre[20] H. Nakata, Eur. Mass Spectrom. 5 (1999) 411.
J. Anal. Toxicol. 28 (2004) 105. [21] H. Nakata, J. Mass Spectrom. Soc. Jpn. 50 (2002) 173.



	Determination of chlorhexidine (CHD) and nonylphenolethoxylates (NPEOn) using LC-ESI-MS method and application to hemolyzed blood
	Introduction
	Materials and methods
	Chemicals and reagents
	Sample preparation and extraction procedure
	Infusion analysis (direct ESI-MS)
	LC-MS condition

	Results and discussion
	Mass spectrum of antiseptic (STERICLON)
	LC-ESI-MS
	Calibration curve
	A case of suicide by intravenous injection of antiseptic


	Conclusion
	References


