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ABSTRACT

ANALYSIS OF PARA-CHLORANILINE AFTER CHEMICAL REACTION BETWEEN ALEXIDINE AND
SODIUM HYPOCHLORITE USING TOF-SIM SPECTROMETRY: A PRELIMINARY STUDY

Hyeon-Sik Kim*, Seung-Hyun Han?3*#, Soram Oh!, Sang-Min Lim*, Yu Gu***, Kee-Yeon Kum®®**
'Department of Conservative Dentistry, *Oral Microbiology and Immunology, ’Dental Research Institute, and *BK21 Program,
School of Dentistry, Seoul National University, Seoul, Korea

The purposes of this study were firstly to investigate the any formation of precipitate after interaction
between ALX and NaOCL and secondarily to analyze the PCA formation by using time of flight secondary
ion mass (TOF-SIM) spectrometry. Mass spectrometry analysis was performed for the mixture of 0.5% ALX
and 5.25% NaOCI. As controls, 2.5% CHX with 5.256% NaOCl and 1% PCA solutions were used. Any for-
mation of precipitates in 10 tested solutions was evaluated by naked eye. Results of mass spectrum showed
that the typical peak of PCA was not detected in mixed solution of ALX and NaOCl, whereas CHX/NaOCl
mixture showed the same peak that found in the PCA spectrum. Precipitate formation was only observed in
CHX/NaOCL mixture. The present TOF-SIM spectrometry results indicated that ALX can be a useful root
canal irrigant combined with NaOCI during canal instrumentation. Further study is necessary to confirm
the antimicrobial effect of ALX against endodontic pathogen before its clinical application as an endodontic
irrigant. (J Kor Acad Cons Dent 35(4):295-301, 2010)
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Preparation of test solutions

5.25% AldAER 89, 5% SEEIAY &Y
(Chlorhexidine gluconate, Sung-Kwang Pharmacology,
Bucheon, Korea)s THI3t ¢EAH (Alexidine dihy-
drochloride, Molekula,UK) ¥ stgtZz2opddl
(Sigma-Aldrich, St Louis, USA)& 77t 23} SRS
o] &ate] 0.5% ALXE&HF 1% PCA&HYS A %31
AAES FAFE H7ketr] el 10709 1.5 mL &
polypropylene microtube (SealRite, Florida, USA)&
FHlslo], 3709 SAETeRE 2447 1 ml 5.25%9
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Table 1. Composition and preparation of 6 test solu-
tions for mass spectroscopy
Microtube # Solution type (ml)

1 5.25% NaOCl 1 ml
0.5% ALX 1 ml
1% PCA 1 ml
2.5% CHX 1 ml
5.25% NaOCl 0.5 ml + 2.5% CHX 0.5 ml
5.25% NaOCl 0.5 ml + 2% ALX 0.5 ml
5.25% NaOCl 0.5 ml + 1% ALX 0.5 ml
5.25% NaOCl 0.5 ml + 0.5% ALX 0.5 ml
5.25% NaOCl 0.5 ml + 0.256% ALX 0.5 ml
5.25% NaOC1 0.5 ml + 0.125% ALX 0.5 ml
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NaOCl €9, 1 ml 0.5% ALX €9 1 ml 2.5 % CHX
LA (5% SR2AAH FF| FHRTE st 2.5%
TER A5 Ax) e AT AT R
1ml 1% PCA €9 2 0.5 ml 5.25% NaOCl &4 0.5
ml 2.5% CHXE &3¢ &95 ARstglon, vynjA] 5
M microtubed= 57F4 F%(2, 1, 0.5, 0.25,
0.125%)<] ALXE< 0.5 mlell 5.25% NaOCl 0.5 mL<
747k g3 23tstith(Table 1).
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Mass spectrum 45 93] E2ToZ 1 mle
1% (w/w) PCA €92} 0.5 ml 5.25% NaOCl 49 %
0.5 ml 2.5% CHX <& 41° 1 ml® £F&d4E &,
0.5% ALX €9 0.5 ml®} 5.25% NaOCl €9 0.5 mlE&
A 1 mle EFE9S e & AHEA7(QSTARY
Elite Hybrid LC/MS/MS System, Quadrupole,
Applied biosystems, CA, USA)el ¥ol Z}7}e] g9 ~
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Analysis of reaction precipitates formation
Z}7] o2 245 7 10709 microtube W &¢] 2

7)
A& G4 o5& Figure 13 2tk SAUWZFOZ A3
5.25% NaOCl, 0.5% ALX, 2.5% CHX &9 7% o]

w3 AAES] PA= AAEHA LIt (Figure 1a). ALX
gk 0]l microtube & EFHI A2 YR

= ole W& gl eR s HEgHo 51 2 3
Aol ALX £%o] microtube 3ol 7F2kkekr] v &olt},
3 FY TR A3 CHX/NaOCl E3-g99] A
< A4 JAE o] #AHHFigure 1b). 5
Aol A2 P& 5%(2, 1, 0.5, 0.25, 0.125%)9] ALX &

H7} NaOCl €95 &3t oM =
TR HAUL owg A= 94
(Figure 1c).
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Mass spectrometry analysis

PCA9] v~ ~HEHS B3 43} PCA (molecular
weight=m/w, 128)% Hol& Mgl A7} FlsH
HEE Ao (Figure 2), o] 92 F9& A FEaiA &
A EokS v FEEE 110.93, 93.0548 B¢ IS5
PCA 2294 NH3 Y Cl 7|7} €2t Aoz Hol ¥
AEdo] PCA 4 WA BT ith(Figure 3).
a8y CHX &97 NaOCle] £3589 ~HE- =
PCAoIA #&s = A} 5L 128 peak’t Fxlo] #F
H9ch. 28y CHX 2 ALX €99 ~"EHGNE
PCAA B3l A AQN 3]=7} #s7] sk},

Alexidine dihydrochloride (m/w=581)<] #4 3] =0
Me ST FoHA stoleggReolE g 7l "ozl

\LAAR

Figure 1. Analysis of color change and precipitate of 10 tested solutions: Microtube number #1-3(a): negative controls. No

precipitation was observed. Microtube number #4-5(b): positive controls. Brown precipitate was formed in NaOCl/CHX

mixture (b, right), but no reaction precipitate was formed in the ALX/NaOC] mixtures (microtube number #6-10).
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Figure 2. Mass spectrometry clearly showed the peak 128,
which is the molecular weight of PCA.
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Figure 3. Detailed analysis of the peak 128 area in PCA
spectrum shown figure 1. 110.93 and 93.0548 peaks show
dissociation of NH3 or chlorine ion from PCA.
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Figure 4. Mass spectrum showing the molecular peaks of

alexidine and its derivatives.
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Figure 6. Mass spectrum of mixed solutions of NaOCl and
ALX. The specific 128 peak of PCA is not observed.

5459] peakst 2707F ®ol7l 509 v 3% #HAE I}, L3t
ALXe] Hal5 339, 326, 321 59| 2% 2w on]
(Figure 4), 5459 93 B9 FUslA BXahd 354,
338, 184, 1729] 925 #2528, o= ALXS] AQ)

Zol|A] ZAgto] ok 59171 ef o] AAHA SFE A
2 ArE g (Figure 5). ALXI NaOCle] &3+-8-9 9]
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Figure 5. Mass spectrum of alexidine showing detailed
analysis of the peak 545 area in figure 3.

X ~HAEHME 545, 509 peak So] #HEHEH|, oA
© Baj5)A] @& ALXOIM, PCAS BA9 128 3%
HEEA] FAch(Figure 6).
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¥ TOF-SIMS spectrometryE electro-
spray ionization (ESI) mass spectrometry°l Blal ®17+
b Ao Wojrm | & AFoA #EE 128 peak

H H H
NH, N _N-__N
Y
NH NH

NH NH

HCl HCI NJLNJKN

Cl H H H

(a) (b)

HN %N N« NH
N H H NJ
HN H H 'NH
cl cl

Figure 7. Molecular formula of PCA (a), ALX (b), and CHX (c). CHX contains phenol ring, ammonia and chlorine which are

components of PCA. However, ALX does not consist of phenol ring.
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o] 29 Eqlo] PCA #3AHESIA & HEstA Kote oA
< 73 917] wjiZel® 3% ESI mass spectrometry$t
nuclear magnetic resonance spectroscopy 59 ¥t} %
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£ AT 542 AR ALXZ NaOCl o] s}3hik-g & A H Eo] g5 &4
Eo] PCA A% QAL H7ket7] $l8l TOF-SIMS spectrometrys o] -85t #4935

1070¢] A3 gHS o] gsle] AAEY] P4 7S Wliro & Hrlslgith AFRAI|S o] &3 PCA Ao H712 9]
3l 1% PCA €92 25% CHX ¥ 5.25% NaOCl €9< tx2roz dta, A4droze 0.5% ALX £93 525%
NaOCle &3-g9S BAggitt Aa43 CHX €93 ALXT NaOCle) £3gddAE PCA (m/w=128)& Ho|&
128 937} A A ggpor AHES AT HEEA sttt 28y CHXSF NaOCle] £3H8-delx= A2 A&
3} 3 PCAS AgZ <l max A2k £ AedA5} ALXE NaOCl# 2o Hajslo] ALg-d 4= e 2aA A= AL
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