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Chlorhexidine is an antiseptic widely

and successfully used to reduce or con-

trol plaque formation, although it has

themajor drawback of promoting tooth

staining (1–3). The mechanism of

extrinsic tooth staining appears to be

varied and uncertain (4), although it is

widely believed that polyphenols pre-

sent in beverages such as tea and wine

are a major cause [for a review see (2)].

Black tea contains two major groups of

polyphenols – theaflavins and thearub-

icans, which give the tea its character-

istic colour and flavour. Theaflavins

form a small (2%) fraction of the dry

weight of tea and are quite small struc-

tures (300–500 MW), whereas thearub-

igans form 10–15% of the dry weight

and their structure is quite variable and

generally much larger (approximately

3000 MW) (5). Polyphenols are secon-

dary metabolites of plants and readily

combine with proteins and can inacti-

vate enzymes. They are therefore quite

disruptive to digestion, although her-

bivores can overcome these effects by

binding polyphenols with salivary pro-

teins before they reach the gut (6). Ini-

tially it was thought that proline-rich

proteins, which form up to 70% of total

proteins in parotid saliva (7), were the

high affinity binders of polyphenols

because of their high proline content (8);
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Background: Tooth staining is a common feature of chlorhexidine treatment for

periodontal disease and there is a large variation between patients as to the degree

of their tooth staining. Although the mechanism of tooth staining is uncertain,

diet, smoking and oral hygiene appear probable factors.

Objectives: This study investigated the role of saliva in chlorhexidine-induced

tooth staining and used tea as the staining agent in an in vitro model with

hydroxyapatite mimicking teeth.

Methods: Saliva has been used to create an acquired pellicle and in solution to

mimic its effects in vivo. Using different combinations of tea, chlorhexidine and

parotid saliva, substances binding to hydroxyapatite were analysed by sodium

dodecyl sulfate–polyacrylamide gel electrophoresis. Using this system, tea,

chlorhexidine and salivary proteins were clearly identifiable following staining by

Coomassie Brilliant Blue.

Results: The results indicated that tea interacted with many salivary proteins, in

particular proline-rich proteins and histatins. Chlorhexidine did not appear to

complex with or precipitate salivary proteins nor prevent the formation of an

acquired pellicle on the hydroxyapatite. In isolation, tea and chlorhexidine bound

in small amounts to hydroxyapatite, but when added in combination, binding of

both to hydroxyapatite was greatly increased. The acquired pellicle reduced

chlorhexidine and tea binding, but conversely increased the binding of either tea or

chlorhexidine alone to hydroxyapatite.

Conclusion: In conclusion, salivary proteins play an important role in the stain-

ing process and the combination of tea and chlorhexidine appears to be a very

potent staining factor.
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however, histatins (histidine-rich class

of proteins, forming �10% of total

salivary proteins) also strongly bind

polyphenols (9).

A subset of salivary proteins speci-

fically binds to the surfaces of teeth to

form what is called the acquired pelli-

cle (10). The binding of proteins to

teeth has been studied in vivo and

in vitro using hydroxyapatite as a sub-

stitute for tooth enamel. Proteins most

prominent in the hydroxyapatite pelli-

cle include acidic proline-rich proteins,

statherin, histatins and cystatins (11).

Probably the most important role of

the acquired pellicle is to maintain

tooth integrity by reducing mineral loss

and protecting teeth against abrasion.

Thus the dental pellicle provides

important functions; however, it may

also mediate tooth staining by poly-

phenols found in tea and other dietary

foods. In this study we have used an

in vitro model in order to examine the

influence of salivary proteins (both in

solution and as an acquired pellicle) on

chlorhexidine-induced staining of

hydroxyapatite by tea.

Methods

Saliva collection

Stimulated parotid saliva was collected

by means of a sterilized Lashley cup.

The parotid (Stenson’s) duct on the

buccal mucosa was located just behind

the third upper molar and the cup held

in position by suction applied with the

syringe. A sugar-free lemon drop was

sucked ipsilateral to the cup and, after

rejecting the first five drops, saliva was

collected into pre-weighed tubes on ice.

Sodium dodecyl sulphate–
polyacrylamide gel electrophoresis

Pre-cast 16% Tricine gels were run at

125 V, as per manufacturer’s instruc-

tions (Invitrogen Ltd, Paisley, UK) for

90 min. Proteins in gels were visualized

with 0.2% (w/v) Coomassie Brilliant

Blue R250 (Sigma Ltd, Poole, Dorset,

UK) in 25% methanol, 10% acetic

acid at room temperature for 90 min

and de-stained with 10% acetic acid

for a further 90 min. Proteins were

identified by their metachromatic

staining for proline-rich proteins (12),

molecular weight by comparison to

standard proteins (Invitrogen Ltd) or

by antibody staining as previously

described (13).

Preparation of salivary acquired
pellicle

Five milligrams of hydroxyapatite

(crystalline form; Sigma) was added to

1 ml of fresh parotid saliva and the

mixture was kept in suspension by

rotation overnight at 4�C and centri-

fuged at 7000 g (6500 r.p.m.) for 15 min

at 4�C. The residual saliva (unadsorbed
protein fraction) was removed, stored

on ice and the remaining sediment (sal-

ivary proteins adsorbed to the substrate,

forming the pellicle) were washed three

times with 1 ml Tris-buffered saline

(0.1 M Tris, 0.15 M NaCl, pH 7.6). The

residual saliva and protein-bound pel-

licle were then heated at 100�C with

sodium dodecyl sulfate sample buffer

(Invitrogen) for 3 min and analysed by

sodium dodecyl sulfate–polyacrylamide

gel electrophoresis or stored at )70�C
for future use.

Preparation of tea solution

Extra Strong Tea (Marks & Spencer

Co. Ltd, London, UK) was used at

2 g/100 ml double distilled water at

room temperature. To prepare the tea,

freshly boiled water was added then

stirred for 3 min, left to settle and

finally centrifuged (15 000 g for 5 min)

and filtered to remove sediment.

Binding of salivary proteins to tea

Tea solution (1 ll, 10 ll and 50 ll) was
added to parotid saliva (50 ll), made

up to a final volume of 0.1 ml with

ddH2O and incubated at 37�C for

30 min. A sample was then taken for

analysis by Tricine–polyacrylamide gel

electrophoresis under non-reducing

conditions and proteins visualized by

Coomassie Brilliant Blue R250. For

reducing conditions, the reducing

agent dithiothreitol was added

(0.5 mg/100 ll final volume) and sam-

ples boiled for 5 min.

In another experiment, parotid saliva

(15 ll) was added to varying mixtures

(3 ll) of chlorhexidine and tea, incuba-

ted at 37�C for 30 min and then ana-

lysed by Tricine–polyacrylamide gel

electrophoresis.

Tea, chlorhexidine and salivary
protein binding to hydroxyapatite

Mixtures of two or more components

were incubated at 37�C for 30 min then

clarified by centrifugation at 15 000 g

for 10 min and the supernatant re-

moved. Hydroxyapatite pellets were

washed three times with Tris-buffered

saline, then bound material eluted by

boiling with sample sodium dodecyl

sulfate buffer for 3 min for analysis

by Tricine–polyacrylamide gel electro-

phoresis as per conditions described

above.

Chlorhexidine was used as either a

neat solution of a pre-prepared solu-

tion (Corsodyl, Brentwood, Middlesex,

UK) or as a dilution of pure chlor-

hexidine (Sigma) to give an identical

concentration (0.2% w/v) – both solu-

tions produced similar results.

The following sequences of saliva,

tea and chlorhexidine were bound to

hydroxyapatite.

1 Hydroxyapatite treated with tea,

chlorhexidine or a mixture of the

two. To a 5 mg pellet of hydroxy-

apatite, 50 ll of either tea, chlor-

hexidine or 100 ll of a (1 : 1)

mixture of chlorhexidine and tea

were adsorbed onto hydroxyapatite

by incubation at 37�C for 30 min

with constant rotation. Tea/chlor-

hexidine was removed and pellets

washed with Tris-buffered saline be-

fore analysis by Tricine–polyacryla-

mide gel electrophoresis.

2 Hydroxyapatite treated with parotid

saliva, chlorhexidine or an equal

mixture of the two. To three 5 mg

pellets of hydroxyapatite 50 ll of

either parotid saliva, chlorhexidine

or a (1 : 1) mixture of the two were

added and incubated together as

above. Pellets were washed and

analysed by Tricine–polyacrylamide

gel electrophoresis. To another pel-

let, chlorhexidine was added and

incubated as above. Excess chlor-

hexidine was removed and the pellet

washed with Tris-buffered saline and

then incubated with parotid saliva.
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Following a second incubation per-

iod, the pellet was washed and ana-

lysed by Tricine–polyacrylamide gel

electrophoresis. To a fifth pellet of

hydroxyapatite, an initial incubation

with parotid saliva was followed by

chlorhexidine after removing excess

parotid saliva.

Some hydroxyapatite pellets were

dissolved by the addition of 10 ll
concentrated HCl, which was neutral-

ized by the addition of 30 ll of 1 M

NaOH. Dissolved hydroxyapatite pel-

lets were then analysed by sodium do-

decyl sulfate–polyacrylamide gel

electrophoresis as above.

All experiments were repeated three

times with a separate gel for each

experiment and levels of protein, tea and

chlorhexidine were assessed by eye.

Results

Salivary proteins interaction

Parotid salivary proteins, in particular

proline-rich proteins and histatins,

interact with tea. Using Tricine–

polyacrylamide gel electrophoresis

with Coomassie Brilliant Blue (R250)

staining and destaining in 10% acetic

acid, parotid salivary proline-rich

proteins stained metachromatically

(pink), allowing their discrimination

from blue-staining proteins such as

histatins and amylase. Using this

same system, a sample of tea stained

as a wide smear and chlorhexidine as

a low molecular weight spot. As

shown previously (14), the interaction

of tea and salivary proteins can be

demonstrated by non-reducing

sodium dodecyl sulfate–polyacryla-

mide gel electrophoresis as a reduc-

tion in staining of proteins (Fig. 1).

Although chlorhexidine by itself did

not have the same effect, it did

accentuate the interaction of tea with

saliva, as a greater number of pro-

teins appeared to stain less intensely

compared to tea plus parotid saliva.

Under reducing conditions, all par-

otid salivary proteins appeared in

Coomassie Brilliant Blue R250

stained gels (results not shown), sug-

gesting no proteolytic degradation

occurred.

Binding to hydroxyapatite

In this study, incubation of hydroxy-

apatite with chlorhexidine and tea

solutions was used as a model for

tooth staining. Following the incuba-

tion period, hydroxyapatite pellets

were either analysed directly by so-

dium dodecyl sulfate–polyacrylamide

gel electrophoresis or were dissolved

in acid before analysis; similar results

were obtained by either method.

Using the distinctive stain patterns of

tea and chlorhexidine (Fig. 1) as a

guide, detectable amounts of each

were seen to bind to hydroxyapatite

(Fig. 2, lanes 1 and 3). However,

when chlorhexidine and tea were

incubated together with hydroxyapa-

tite, there was a considerable increase

in tea and chlorhexidine binding to

the hydroxyapatite pellet.
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Fig. 1. Interaction of parotid salivary proteins with tea and/or chlorhexidine is indicated by reduced protein staining (*). Lane 1, 15 ll parotid
saliva; lane 2, 15 ll 2% (w/v) tea solution; lane 3, 15 ll of 0.2% (w/v) chlorhexidine solution; lane 4, parotid saliva plus tea (15 + 3 ll); lanes
5–9, parotid saliva (15 ll) with 3 ll of a varying ratio of tea and chlorhexidine (lane 5, 20% chlorhexidine : 80% tea; lane 6, 40% chlor-

hexidine : 60% tea; lane 7, 50% chlorhexidine : 50% tea; lane 8, 60% chlorhexidine : 40% tea; lane 9, 80% chlorhexidine : 20% tea); lane 10,

parotid saliva plus chlorhexidine (15 + 3 ll). Following incubation, samples were separated by non-reducing Tricine sodium dodecyl sulfate–

polyacrylamide gel electrophoresis. This gel is representative of three repeats of the same experiment. At the concentrations used, chlor-

hexidine by itself did not interact or precipitate any salivary proteins (compare lane 10 to lane 1). However tea did reduce the staining of

several proteins (indicated by asterisks), which was accentuated by chlorhexidine (compare lanes 5–7 with lane 4). Figures on the right indicate

the approximate positions of molecular weight markers (kDa). PRP, proline-rich protein.
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The effects of salivary pellicle

At the concentrations of hydroxyapa-

tite and parotid saliva used, a subset of

proteins bound (Fig. 3). These inclu-

ded acidic proline-rich proteins, stath-

erin and histatins, as well as some other

minor unidentified proteins. When the

hydroxyapatite was pre-treated with

chlorhexidine prior to saliva, there was

no change in profile of proteins bind-

ing. However, chlorhexidine bound in

larger amounts to hydroxyapatite if a

salivary pellicle was present (compare

Fig. 3, lane 2 with lane 3). Further-

more, chlorhexidine incubation with

hydroxyapatite pre-treated with saliva

did not appear to remove any protein

from the hydroxyapatite, because the

protein staining intensity was not

reduced as assessed by eye. Incubation

of both chlorhexidine and saliva with

hydroxyapatite simultaneously caused

the greatest amount of chlorhexidine

binding (Fig. 3, lane 4). Due to the

large amounts of chlorhexidine bind-

ing, it was unclear whether salivary

protein binding to hydroxyapatite was

altered. Repeated experiments using

lesser amounts indicated an increase in

the amount of salivary protein binding

to hydroxyapatite in the presence of

chlorhexidine (results not shown).

In further experiments, the interac-

tion of tea, saliva and chlorhexidine

with hydroxyapatite was studied. As

before, the combination of tea and

chlorhexidine caused greater amounts

of tea and chlorhexidine binding to

untreated hydroxyapatite. If the

hydroxyapatite was pre-treated with

parotid saliva to form an acquired

dental pellicle, tea binding appeared

greatest with tea only treatment rather

than chlorhexidine and tea treatment

(compare Fig. 4, lanes 4 and 5). How-

ever chlorhexidine binding to hy-

droxyapatite was still greatest when in

combination with tea, and the salivary

pellicle still increased chlorhexidine

binding compared to chlorhexidine

bindng to hydroxyapatite when no

pellicle was present.

Discussion

The interaction of salivary proteins

with tea was shown in this study by

their reduced protein staining when

resolved by sodium dodecyl sulfate–

polyacrylamide gel electrophoresis and

stained by Coomassie Blue. This

method assumes that, following the

incubation of tea and salivary proteins,

complexes form that are too large to be

resolved in sodium dodecyl sulfate–

polyacrylamide gel electrophoresis

under non-reducing conditions. Using

reducing conditions, a normal profile

of salivary proteins was seen (data not

shown), suggesting that complexes are

dissolved. Following the addition of

just 2% (w/v) tea solution to parotid

saliva, a number of protein–tea
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Fig. 2. Tea and chlorhexidine binding to

hydroxyapatite. Lane 1, chlorhexidine elut-

ed from hydroxyapatite pellet; lane

2, chlorhexidine and tea eluted from

hydroxyapatite following simultaneous

incubation; lane 3, tea eluted from hy-

droxyapatite; lane 4, 10 ll of chlorhexidine
solution (0.2%w/v); lane 5, 10 ll of 2% (w/

v) tea solution. Following incubation of tea,

chlorhexidine or a 1 : 1 mixture of tea and

chlorhexidine with hydroxyapatite, the pel-

let was washed with Tris-buffered saline,

sodium dodecyl sulfate sample buffer added

and loaded onto a Tricine gel. This gel is

representative of three repeats of the same

experiment. Following Coomassie Blue

staining, the amount of tea (lane 3) or

chlorhexidine (lane 1) binding to hydroxy-

apatite was less than if a comparable

amount of chlorhexidine and tea were

incubated together with hydroxyapatite

(lane 2). Figures on the right indicate the

approximate positions of molecular weight

markers (kDa).

   1     2     3     4   

PRPs

Statherin

Histatins
Chlorhexidine 

210

78
55
45
34
23
16

7

4

Fig. 3. The effect of a salivary pellicle on hydroxyapatite binding of chlorhexidine. Lane 1,

parotid saliva incubated with hydroxyapatite to form an acquired pellicle; lane 2,

hydroxyapatite pre-treated with chlorhexidine then incubated with parotid saliva; lane 3,

hydroxyapatite pre-treated with parotid saliva then incubated with chlorhexidine; lane 4,

simultaneous incubation of hydroxyapatite with a 1 : 1 mixture of parotid saliva and

chlorhexidine. This gel is representative of three repeats of the same experiment. Chlor-

hexidine does not affect the formation of a salivary pellicle but parotid saliva increased

chlorhexidine binding if present in solution or as an acquired pellicle. Figures on the right

indicate the positions of molecular weight markers (kDa). PRP, proline-rich protein.
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interactions were detected using this

method. This study, in agreement with

other previous studies of salivary pro-

tein interactions with polyphenols (15,

16), showed that proline-rich proteins

and histatins interacted with tea to a

greater extent than other proteins such

as amylase. Proteolytic degradation

did not occur to any significant degree,

as under reducing conditions the same

samples resolved normally and there

appeared to be no reduction in band

intensity compared to a sample kept on

ice.

The interaction of salivary proteins

with tannins has been demonstrated

previously [for a review see (6)], often

using pure tannin or tannic acid.

To indicate which salivary proteins

had interacted with tannin, the insol-

uble precipitate formed was

analysed by sodium dodecyl

sulfate–polyacrylamide gel electro-

phoresis (15). The present study has

used lower amounts of tannin (in tea)

and at the concentrations of tea and

saliva used, no visible precipitate was

seen even after extensive centrifugation

(15 min, 15000 g; results not shown),

suggesting that soluble complexes were

formed, as previously indicated (8),

rather than larger insoluble complexes.

Hydroxyapatite has been used be-

fore as a substitute for human dental

enamel in studies of human salivary

proteins binding to form the acquired

dental pellicle (17, 18). In our own

studies, a similar profile of parotid

salivary proteins bound to powdered

bovine dental enamel as hydroxyapa-

tite (14), suggesting that it forms a

comparable substrate. A particular

subset of parotid salivary proteins

bound to hydroxyapatite, including

acidic proline-rich proteins, statherin,

histatins and some other unidentified

proteins. From our experiments, it also

appears that hydroxyapatite can bind

chlorhexidine and tea, which both have

distinctive stain patterns when ana-

lysed by sodium dodecyl sulfate–

polyacrylamide gel electrophoresis and

stained with Coomassie Brilliant Blue.

There was a substantial increase in the

binding of both when added in com-

bination to hydroxyapatite, which

might not have been noticed in other

in vitro models in which a water rinse

step was used between cycles of

chlorhexidine and tea (3). The sub-

stantially greater amount of tea bind-

ing to hydroxyapatite when incubated

with chlorhexidine represents a poss-

ible mechanism for the increased tooth

staining seen clinically.

Excessive tooth staining with

chlorhexidine treatment is not univer-

sal in all patients (2), and one variable

may be the amounts of salivary pro-

teins. As well as interacting with poly-

phenols in solution, parotid salivary

proteins also interact with hydroxy-

apatite to form an acquired dental

pellicle. Histatins are notable in bind-

ing both polyphenols and hydroxyap-

atite and thus increased adsorption of

histatins to a tooth surface could

mediate greater staining. Our in vitro

model suggested that chlorhexidine,

when incubated in combination with

saliva, did increase protein binding to

hydroxyapatite (results not shown) and

this may in turn mediate greater poly-

phenol interactions and increased

tooth staining. Contrary to this, how-

ever, are the diverse effects of a salivary

pellicle on tea binding. In isolation, tea

binding was increased if a salivary

pellicle was present. However, when

tea was used in combination with

chlorhexidine, a salivary pellicle

reduced tea binding (although it was

still greater than tea binding to hy-

droxyapatite without a salivary pelli-

cle). Thus one variable in the degree of

tooth staining seen between patients

could be the amount and composition

of the salivary pellicle. However, pelli-

cles formed from whole mouth saliva

suggest that there are not large differ-

ences in the salivary pellicle formation

(18). Thus, although mediating an

Experiment summary
Saliva + + +

Tea + + + +
Chlorhexidine + + + +

Lane 1 2 3 4 5 6

Tea

Chlorhexidine
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Fig. 4. The effect of a salivary pellicle on the interaction of chlorhexidine and tea with

hydroxyapatite. Hydroxyapatite pellets (5 mg), some of which were pre-treated with parotid

saliva to form an acquired pellicle (lanes 4–6), were incubated with chlorhexidine, tea or a

mixture of tea and chlorhexidine. Following incubation, proteins in the samples were sep-

arated by Tricine sodium dodecyl sulfate–polyacrylamide gel electrophoresis and stained by

Coomassie Brilliant Blue. Lane 1, tea eluting from hydroxyapatite; lane 2, tea and chlor-

hexidine eluting from hydroxyapatite; lane 3, chlorhexidine eluting from hydroxyapatite.

Lanes 4–6, same order as lanes 1–3 except hydroxyapatite pellets had been pre-treated with

parotid saliva. This gel is representative of three repeats of the same experiment. Figures on

the right indicate the approximate positions of molecular weight markers (kDa).
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effect on tooth staining, the salivary

pellicle is unlikely to account for the

large variations seen between different

users of chlorhexidine.

The exact mechanism of stain pro-

motion by chlorhexidine is unknown,

although three possible mechanisms

were reviewed by Watts and Addy (2):

1 chlorhexidine may accelerate the

nonenzymatic browning reaction of

protein and carbohydrate in the

acquired pellicle;

2 chlorhexidine might denature com-

ponents within the dental pellicle to

accelerate formation of pigmented

sulphides of tin and iron;

3 chlorhexidine could precipitate diet-

ary chromagens.

From the results presented in this

study using an in vitro model, we

would suggest another mechanism

might be that chlorhexidine accelerates

formation of acquire pellicle and the

accumulation of tea and chlorhexidine

itself onto tooth surfaces. The dramatic

increases seen in chlorhexidine and tea

binding when added in combination to

hydroxyapatite suggests that chlor-

hexidine may be modifying the poly-

phenols or their environment to

increase binding of polyphenols (found

in tea) onto dental surfaces. A study

into the mechanism of the plaque-

controlling action of chlorhexidine

suggested it was most effective acutely

and not as a result of a slowly released

reservoir (19). A possible treatment

strategy to avoid increased tooth

staining could be to rinse the mouth

with water shortly after the chlorhexi-

dine treatment and certainly before

eating or drinking (e.g. tea), thus

allowing chlorhexidine to take effect

without allowing the combination that

caused the greatest amount of tea to

bind hydroxyapatite in our in vitro

model.

Acknowledgements

The authors would like to thank Gra-

ham Jackson for useful discussions and

GSK for funding this project.

References

1. Yates R, Jenkins S, Newcombe R, Wade

W, Moran J, Addy M. A 6-month home

usage trial of a 1-percent chlorhexidine

toothpaste. 1. Effects on plaque, gingivi-

tis, calculus and toothstaining. J Clin

Periodontol 1993;20:130–138.

2. Watts A, Addy M. Tooth discolouration

and staining: a review of the literature. Br

Dent J 2001;190:309–316.

3. Leard A, Addy M. The propensity of

different brands of tea and coffee to cause

staining associated with chlorhexidine.

J Clin Periodontol 1997;24:115–118.

4. Nathoo SA. The chemistry and mecha-

nisms of extrinsic and intrinsic discolor-

ation. J Am Dent Assoc 1997;128:S6–S10.

5. Haslam E. Thoughts on thearubigins.

Phytochemistry 2003;64:61–73.

6. Bennick A. Interaction of plant poly-

phenols with salivary proteins. Crit Rev

Oral Biol Med 2002;13:184–196.

7. Kauffman DL, Keller PJ. The basic pro-

line-rich proteins in human parotid saliva

from a single subject. Arch Oral Biol

1979;24:249–256.

8. Kay BK, Williamson MP, Sudol P. The

importance of being proline: the interac-

tion of proline-rich motifs in signaling

proteins with their cognate domains.

FASEB J 2000;14:231–241.

9. Yan QY, Bennick A. Identification of

histatins as tannin-binding proteins in

human saliva. Biochem J 1995;311:341–

347.

10. Dawes C, Jenkins S, Tonge CH. The

nomenclature of the integuments of the

enamel surface of teeth. Br Dent J

1963;115:65–68.

11. Jensen JL, Lamkin MS, Oppenheim FG.

Adsorption of human salivary proteins to

hydroxyapatite: a comparison between

whole saliva and glandular salivary secre-

tions. J Dent Res 1992;71:1569–1576.

12. Carpenter GH, Proctor GB, Pankhurst

CL, Linden RW, Shori DK, Zhang XS.

Glycoproteins in human parotid saliva

assessed by lectin probes after resolution

by sodium dodecyl sulphate-polyacryl-

amide gel electrophoresis. Electrophoresis

1996;17:91–97.

13. Carpenter GH, Proctor GB. Double elec-

trophoretic separation and lectin analyses

of the component chains of secretory

immunoglobulin A from human saliva.

Electrophoresis 2000;21:1446–1453.

14. Proctor GB, Carpenter GH, Pramanik R,

Jones GR. Salivary protein interaction

with dietary constituents to modulate

tooth staining. J Dent Res 2005;84:73–78.

15. Lu Y, Bennick A. Interaction of tannin

with human salivary proline-rich proteins.

Arch Oral Biol 1998;43:717–728.

16. Wroblewski K, Muhandiram R, Cha-

krabartty A, Bennick A. The molecular

interaction of human salivary histatins

with polyphenolic compounds. Eur J Bio-

chem 2001;268:4384–4397.

17. Smith AMV, Bowen WH. In situ studies

of pellicle formation on hydroxyapatite

discs. Arch Oral Biol 2000;45:277–291.

18. Lamkin MS, Migliari D, Yao Y, Troxler

RF, Oppenheim FG. New in vitro model

for the acquired enamel pellicle: Pellicles

formed from whole saliva show inter-

subject consistency in protein composition

and proteolytic fragmentation patterns. J

Dent Res 2001;80:385–388.

19. Addy M, Jenkins S, Wade W. Mode of

action of chlorhexidine – topical versus

rinsing on plaque accumulation on enamel

inserts. J Dent Res 1987;66:837.

230 Carpenter et al.




