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ABSTRACT 

An HPLC assay for the determination of chlorhexidine in small samples (<1 pl) 
of saliva is described. A base deactivated reverse phase C-18 narrow bore column 
(ODS-B Exsil) was used for the analysis. Saliva samples were collected on 
Periopaper strips and chlorhexidine was extracted with 0.1 ml mobile phase. The 
optimal mobile phase comprised 55 %v/v acetonitrile, 0.2 %v/v glacial acetic acid, 
7 mM sodium laurylsulphate and column temperature was maintained at 55°C. 
Benzethonium was included as the internal standard and a dual wavelength W 
absorbance detector was used to analyse chlorhexidine at 254 nm and 
benzethonium at 275 nm. Triplicate standard curves were linear for the range of 
concentration 1 to 15 ndsample (R2 > 0.99). If 0.5 pl of saliva is collected then 2 
to 30 pglml chlorhexidine can be measured. The inm-assay variability, determined 
from repeated injections of quality control standards containing 1,3.75 and 12.5 ng 
chlorhexidine/tube was 12.9,4.4 and 1.5% respectively. 
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INTRODUCTION 

MEDLICOIIT ET AL. 

Chlorhexidine is a bisdiguanide antiseptic discovered in 1956 [ 11. It has a broad 
spectrum of antimicrobial activity and has been shown to be effective against 
plaque bacteria [2-51. When given as a mouthrinse the drug is distributed 
throughout the oral cavity and its effectiveness is, in part, due to its ability to 
reversibly bind to the tissue surfaces in the mouth and drug can be detected in the 
saliva for up to 24 hours in some individuals [6-91. Analysis of the chlorhexidine 
concentration usually involves collection of samples from the saliva pool and 
average concentrations are reported. Problems idenlified with the use of 
chlorhexidine mouthrinses include the bitter taste imparted by the high drug 
concentration (0.2 %w/v) and tooth discolouration that occurs with prolonged use 
[ 10, 1 11. Attempts to overcome these problems have resulted in the development 
of delivery systems that employ smaller quantities of chlorhexidine and deliver the 
drug to specific sites in the mouth [12-141. It is therefore important to monitor the 
chlorhexidine concentration at the desired site of action to assess the effectiveness 
of the delivery system. 

The major problem encountered in analysis of drugs at some sites in the mouth 
is the small amount of fluid available for sampling. The volume and thickness of 
the saliva film vary throughout the mouth and an average thickness of 0.07 to 
0.1 mm has been reported by Collins and Dawes [ 151. In periodontal pockets the 
volume of fluid depends on the severity of inflamma tion and an average volume of 
0.5 pl has been reported at diseased sites compared to 0.04 pl at healthy sites [16]. 

Filter paper strips are used to collect these small samples, but the drug must be 
extracted and diluted to provide sufficient volume for injection in HPLC analysis 
[17-191. HPLC assays have been reported for the determination of chlorhexidine 
in pharmaceutical preparations [20, 211 or biological fluids [22-251, but these are 
not sensitive enough to allow analysis of chlorhexidine in the saliva film or 
periodontal pocket. 

We report an HPLC assay for the determination of chlorhexidine using a 
reverse phase base deactivated C-18 narrow bore column and show that it may be 
used to determine the chlorhexidine concentration in the saliva film at the gingival 
margin after administration of a 0.2 %w/v mouthrinse. 
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CHLORHEXIDINE IN SALIVA FILM 

MATERIALS AND METHODS 

1607 

Chemicals and reagents 

Chlorhexidine diacetate B.P. was purchased from ICI Chemicals (Wellington, 
New Zealand). The internal standard, benzethonium chloride was AnalaR grade 
purchased from Sigma Chemical Co. (St Louis, MO, USA). Acetonitrile, 
methanol and glacial acetic acid were HPLC grade purchased from Ajax Chemicals 
Pty. Ltd. (Auburn, N.S.W., Australia) and sodium laurylsulphate and uiethylamine 
were HPLC grade purchased from BDH chemicals Ltd (Poole, England). 
Deionised water was produced with a Millipore Milli-Q system (Bedford, MA, 
U.S.A.). 

Equipment 

A Spectra Physics HPLC system was used comprising a SP8800/8810 ternary 
pump, a Spectra System W 2000 dual wavelength detector, a SP4400 Chromjet 
integrator and a R h d y n e  injector with a 50 pl sample loop. The stainless steel 
column, 10 cm x 2.1 mm i.d. was packed with 5 pm C18 ODS-B Exsil purchased 
from Hichrome Ltd. (Berkshire, England). 

Drummond microcap tubes (2 pl) were purchased from Dnunmond Scientific 
Co. (Broommall, PA, U.S.A.). Periopaper strips were purchased from Harco 
Electronics Ltd. (Winnipeg, Canada). Polypropylene centrifuge tubes (Eppendorf) 
were purchased from Salmond-Smith Biolab (Christchurch, New Zealand). Saliva 
sample volumes were calculated from masses determined using a five decimal place 
Sartorious analytical balance and a saliva density of 1.002 - 1.012 g/ml[26]. 

Optimisation of the HPLC method for chlorhexidine 

The mobile phase was pumped at a rate of 0.5 ml/min for al l  analyses. The 
effects of changes in the concentration of ion-pairing agent, sodium laurylsulphate 
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and acetonitrile on the retention and separation of chlorhexidine and bewthonium 
were investigated. Samples contained 1 pg/ml chlorhexidine and 10 pg/ml 
benzethonium in mobile phase. 

Extraction of chlorhexidine from filter paper strips 

A 10 pg/ml chlorhexidine solution was prepared in donised water. Samples 
of about 0.5 pl were measured with Drummond m i m a p  tubes and placed onto 
Periopaper strips. The exact volume of each sample was calculated from the 
length of liquid in the Dnunmond m i m a p  tube. The Periopaper strips consist of 
a strip of filter paper attached to a plastic tag. The plastic tags were removed and 
the filter paper strips were placed in 0.6 ml polypropylene tubes (Eppendorf). 
0.1 ml of the extracting solution, which comprised 55 %vh acetonitrile, 0.2 %v/v 
glacial acetic acid and 7 mM sodium laurylsulphate was added to each tube. These 
were vortexed for one minute, sonicated for 20 minutes (Bransonic ultrasonic bath, 
100 W, 55 OOO Hz), then vortexed again prior to analysis (extracts). Controls 
were prepared by direct addition of the 0.5 pl samples into 0.1 ml of extracting 
solution and were treated in the same way as the extract samples. The internal 
standard (benzethonium) was included in the extraction solution at a concentration 
of 2 pghnl and both the chlorhexidine and benzethonium peaks were analysed at 
254 nm. Extraction and control experiments were performed in triplicate and the 
percentage extracted was calculated by comparison of the peak height ratio after 
correction for the sample volume. In addition, a similar dilution of the uriginal 
chlorhexidine solution was performed using larger volumes i.e. 10 p.l in 2 ml 

(standards). 

Preparation of chlorhexidine standards 

Standard curves were prepared, on three days, for the extraction of 
chlorhexidine from Periopaper strips to validate the assay procedure. For each 
standard curve triplicate chlorhexidine solutions (100 pdml in deionised water) 
were prepared and diluted to give standards with chlorhexidine concentrations of 
2,5, 10,20 and 30 pglml in deionised water. These were diluted 1 in 200 (10 pl 
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CHLORHEXIDJNE IN SALIVA FILM 1609 

in 2nd) with mobile phase containing the internal standard (2 pghnl 
benzethonium). 0.1 ml was transferred to 0.6 ml polypropylene tubes (Eppendorf) 
containing one piece of filter paper (cut from a Periopaper strip) per tube. The 
tubes were pre-rinsed with methanol. 50 pl of each standard was injected into the 
HPLC and chlorhexidine peaks were analysed at 254 nm while the internal 
standard peaks were analysed at 275 nm using a dual wavelength detector. Peak 
height ratios were calculated and results expressed as the amount of chlorhexidine 
per tube (1, 2.5, 5, 10 and 15 ng/tube chlorhexidine). Within day accuracy and 
precision were determined by preparation of three quality control solutions 
containing 2, 7 and 25 pdml chlorhexidine. These were processed in the same 
way as the standards and analysed repeatedly (n=5) in a random order throughout 
the first standard curve. The chlorhexidine concentrations were determined from 
the standard curve and the mean, coefficient of variation and percent deviation 
from the theoretical concentration were calculated. Between day variation was 
assessed by comparison of the slope and intercept of the three standard curves 
prepared on three separate days. 

Measurement of the chlorhexidine concentration in the saliva film after 
administration of a 0.2 %w/v mouthrinse 

The chlorhexidine concentration in the saliva film at the gingival margin was 
measured in two subjects after administration of a 0.2 %w/v chlorhexidine 
muthrinse. The mouthrinse was prepared in deionised water and 10 ml was 
rinsed around the oral cavity for one minute. Samples were collected on 
Periopaper strips at the gingival margin on the buccal side of the upper second pre- 
molars (left = BL and right = BR) and the lingual side of the lower second pre- 
molars (left = LL and right = LR) immediately prior to application of the 
mouthrinse then at 0.5,3,6 and 8 hours post-mouthrinse. 

The sample volume was measured by mass and samples were stored at 4OC 
until analysis. Periopaper strips were placed in 0.6 ml polypropylene tubes 
(Eppendorf) and weighed using a five place analytical balance (wl). To collect a 
sample the Periopaper strip was removed and placed at the sampling site in the oral 
cavity, then the plastic tag was cut and the filter paper strip returned to the 
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1610 MEDLICO'IT ET AL. 

Eppendorf tube. The plastic tag was retained and weighed again with the 
Eppendorf tube containing the saliva sample ( ~ 2 ) .  The sample volume was 
calculated as the weight difference (w2 - wl) multiplied by the density of saliva, 
which was taken to be 1.002-1.012 g/ml (total saliva) [26]. 

Standards at concentrations of 1 and 15 ng/tube were prepared in triplicate as 
above and used to determine the slope and intercept of the standard curve at the 
time of sample analysis. Samples were prepared by addition of 0.1 ml of the 
extracting solution to the tube containing the sample on Periopaper and vortexed, 
then sonicated for 20 minutes (Bransonic ultrasonic bath) and vortexed again 
before analysis. Quality control samples of concentrations 2 ,7  and 25 pg/ml were 
prepared as previously and analysed in a random order throughout the run. 

RESULTS AND DISCUSSION 

Optidsation of the HPLC method for chlorhexidine 

Good peak shape was obtained for chlorhexidine when the base deactivated 
column (ODS-B Exsil) was used. In comparison, noxmal reverse phase materials 
such as (2-18 ODs Hypersil produced poor peak shape with significant tailing. 
Initially, these effects were overcome with addition of a competitive amine, 
ttiethylamine, into the mobile phase [27]. However some tailing remained and the 
minimum quantifiable concentration of this earlier assay was 0.1 pdml. This 
would allow measurement of chlorhexidine at concentrations greater than 
10ng/tube (or 20 pg/ml in 0.5 pl saliva) which was not good enough as the 
minimum inhibitory concentration of chlorhexidine for some oral pathogens is 
8 pg/ml [28]. Inclusion of the hydrophobic ion-pairing agent, sodium 
laurylsulphate into the mobile phase i n m s e d  the retention of chlorhexidine and 
improved the peak shape. The effects of alterations in the concentration of sodium 
laurylsulphate is shown in Figure 1. Separation of chlorhexidine and benzethonium 
peaks could be obtained with a mobile phase comprising 55 %v/v acetonitrile, 
0.2%v/v glacial acetic acid and 5 mM sodium laurylsulphate. This separation 
could be maintained and the analysis time reduced from 8 to 4 minutes if the 
acetonitrile concentration was increased to 60 % vhr. 
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FIGURE 1 
Effect of alterations in the concentration of sodium laurylsulphate on the retention 
of chlorhexidine - and benzethonium - - . - - . Acetonitrile concentration 
= 55 %v/v, glacial acetic acid concentration = 0.2 %v/v. 

When dilute chlorhexidjne solutions were prepared in acidic conditions 
(50ng/ml chlorhexidine in 1 %v/v glacial acetic acid) a decrease in the 
chlorhexidine peak height was noticed. These solutions were stored in 1.5 mI 
polypropylene tubes and it was thought that the chlorhexidine may have adsorbed 
to the container surfaces. Table 1 shows the changes in chlorhexidine peak height 
with time for solutions in 1 %v/v glacial acetic acid. The loss of chlorhexidine was 
not prevented by addition of triethylamine (0.25 %v/v). It was thought that 
addition of a competitive amine would prevent or reduce adsorption if it bound to 
the same sites as chlorhexidine, but as a reduction in peak height of similar 
magnitude was observed to that seen in 1 %v/v glacial acetic acid it would appear 
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TABLE 1 

MEDLICO'IT ET AL. 

Variation in chlorhexidine peak height for solutions containing 50 ng/ml 
chlorhexidine in 1 %v/v glacial acetic acid stored in 1.5 ml polypropylene 

Eppendorf tubes. 

Solvent Tune Chlorhexidine peak height 
01) mean f s.e.m. (n=2) 

1 %v/v glacial acetic acid 0 
3 
5 

with 5 mM sodium laurylsulphate 0 
3 
5 

0 
3 
5 

with 0.25 %v/v triethylamine 

606f37 
186 f 28 
ND 

1280 f 60 
1290 f 60 
1330 f 110 

524 f 4 
88 f 19 
ND 

ND = not determined. 

the amine groups are not responsible for this interaction. Addition of 5 mM 
sodium laurylsulphate to the solution prevented the chlorhexidine loss and the peak 
height remained stable for at least five hours. It is possible that ion-pairing of 
chlorhexidine and sodium laurylsulphate prevents the interaction between the 
polypropylene tube and the ionised chlorhexidine. 

Extraction of chlorhexidine from filter paper strips 

Table 2 shows the peak height ratios for chlorhexidine extracted fmm 
Periopaper strips. Although there was no significant difference between the peak 
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TABLE 2 

Extraction efficiency for extraction of chlorhexidine from Periopaper strips 

Solution Peak height ratio 
mean f s.e.m. 

(n=3) 

extracts 2.19 f 0.05* 

controls 2.06 f 0.11* 

standards 2.10 f 0.12* 

* no significant differences pS.05 

height ratios when analysed using an ANOVA @>0.05), the peak height ratio for 
the controls tended to be lower than that for extracts or standards. This may be 
due to the difficulty removing the sample from the Drummond microcap tube in 
the absence of a Periopaper strip. If the peak height ratios for extract samples is 
compared with the standard solutions, 100 percent extraction was achieved. 

Analysis of standards and extracts 

Some interference peaks were extracted from the Periopaper strips and these 
were separated from the chlorhexidine and internal standard peaks by adjustment 
of the column temperature and mobile phase composition. The increased 
temperature caused sharpening of peaks and decreased the retention time. Optimal 
conditions for analysis of chlorhexidine and benzethonium in the presence of 
Periopaper strips was a mobile phase comprising of 55 %v/v acetoniuile, 0.2 %v/v 
glacial acetic acid and 7 mM sodium laurylsulphate and a column temperature of 
55OC. Standard curves were linear over the range of chlorhexidine concentrations 
2 to 30 pg/ml (R2> 0.99). These gave final amounts of chlorhexidine after 
extraction of 1 to 15 ng per tube. The within day variability and accuracy and the 
between day variability are shown in Table 3. 
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TABLE 3 

MEDLICOTT ET AL. 

a) Within day reproducibility and accuracy 

Chlorhexidine Mean observed n C.V. Accuracy 
concentration concentration 

(ng/mW 

1 1.13 4 12.4 113 
3.75 3.67 5 4.4 97.8 
12.5 12.2 5 1.5 97.7 

b) Between day variability 

Standard R2 Slope f std. mor Inmcept f std. error 
curve 

Day 1 0.995 0.109 f 0.001 4.024 f 0.014 
Day 2 0.998 0.101 f 0.001 0.058 f 0.009 
Day 3 0.999 0.1003 f 0.0007 0.051 f 0.006 

Measurement of the chlorhexidine concentration in the saliva film after 
administration of a 0.2 %w/v mouthrinse 

The chlorhexidine concentration in saliva, at the gingival margin of the second 
pre-molars, is shown in Table 4 and typical chromatographs for saliva samples are 
shown in Figure 2 and Figure 3. The chlorhexidine concentration was generally 
higher at the gingival margin of the upper second pre-molars (BL and BR) and this 
was expected as these samples were taken from the buccal side, whereas samples 
from the lower second pre-molars were taken from the lingual side (LL and LR). 
It is possible that chlorhexidine was more rapidly diluted at these lower sites as 
they are closer to the major salivary glands and a greater mixing of the saliva by 
the tongue would be expected. These factors have been shown by Dawes and 
Weatherell [29] to be important in the distribution and clearance of fluoride in the 
oral cavity. A large variation was observed in the chlorhexidine concentrations 
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TABLE 4 

Chlorhexidine concentration (pg/ml) in the saliva film at the gingival margin 
at four sites within the mouth after rinsing with a 0.2 %w/v chlorhexidine 

solution 

Subject one Subject two 
pre- post-rinse pre- post-rinse 
rinse (h) rinse (h) 

Site* 0.5 3 6 8 0.5 3 6 8 

BL 0 81 12 - - 0 194 40 9 27 
BR 0 ND 20 6 6 0 94 29 25 22 
LL 0 19 23 - - 0 26 28 30 10 
LR 0 15 26 - - 0 71 23 9 18 

* BL = buccal gingival margin on the upper left second pre-molar. 
BR = buccal gingival margin on the upper right second pre-molar. 
LL = lingual gingival margin on the lower left second pre-molar. 
LR = lingual gingival margin on the lower right second pre-molar. 

- = chlorhexidine less than 1 ngltube. 
ND = not determined. 

achieved at different sites in each subject and between subjects. This was 
particularly apparent in the first post-rinse sample and may be due to differences in 
the degree of mixing and rates of clearance from the individual sites. Subject one 
ate a meal between the samples at times three and six hours and this may be 
responsible for the lack of chlorhexidine at six and eight hours post rinse. In 
contrast, subject two did not eat over the eight hour period and concentrations of 
between 10 and 27 p g / d  were measured eight hours after rinsing. These values 
are similar to those obtained when radiolabelled chlorhexidine was used [7]. The 
advantage of this method is that radiolabelled chlorhexidine is not required and the 
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0 2 4 6 8 m i n  

FIGURE 2 

0 2 4 6 8 m i n  

Typical chromatograph of saliva extracts. Blank saliva sample, Subject 1 
(sampling time = pre-mouthrinse; sample site = buccal gingival margin on the 
upper right second pre-molar; saliva volume = 0.72 pl). Detector wavelengths; 
(A) = 254 nm and (B) = 275 nm. BZ = internal standard (2 pghnl benzethonium). 

concentration at different sites can be determined. It was interesting to note that 
chlorhexidine was not able to be detected in samples taken from the gingival 
margin in the subject who ate during the post rinse period. This may indicate that 
the gingival margin clearance is accelerated by eating and although chlorhexidine 
may be detected in the saliva pool there may be sites within the mouth where an 
effective concentration is not maintained. Further studies are being undertaken to 
confirm this and to determine the clinical significance. 
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I I I I I  I I L I I  

0 2 4 6 8 m i n  0 2 4 6 8 m i n  

FIGURE 3 
Typical chromatograph of saliva extracts. Subject 2 (sampling time = 3 hours 
post-mouthrinse; sample site = buccal gingival margin on the upper right second 
pre-molar; saliva volume = 0.46 pl). Detector wavelengths; (A) = 254 nm and 
(B)= 275 nm. BZ = internal standad (2 p g / d  
benzethonium). 

CH = chlorhexidine; 
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CONCLUSION 

MEDLICO'IT ET AL. 

This assay allows measurement of chlorhexidine concentrations greater than 
2 pg/ml in 0.5 pl saliva Since the minimum inhibitory concentration of most oral 
pathogens is greater than 8 p@ml [28] it allows monitoring of individual sites 
within the mouth and determination of the effectiveness of chlorhexidine delivery 
systems in producing and maintaining effective antibacterial concentrations. 
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