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Biofilm inhibition and
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dentifrice containing salivary

substitutes

Abstract: Background ⁄ aims: A healthy mouth harbours the

continuous combined action of a salivary defence system with

that of a salivary peroxidase system, containing lactoferrin,

lysozyme, immunoglobulin and growth factors. This system

maintains neutral pH and creates an oral environment where

harmful bacteria are inhibited, thus preventing the formation of

biofilms. The objective of this clinico-microbiological trial was

to evaluate the anti-plaque effect of a dentifrice containing

salivary substitutes, compared with a placebo-control

dentifrice and to assess the effect of dentifrice on oral bacterial

count. Methods: The design was a randomized controlled,

double-blind, parallel study comparing a placebo-dentifrice to

a dentifrice formulation containing salivary substitutes.

Toothpaste slurry rinses were used over a 96-h period by 20

volunteers who refrained from all other oral hygiene

procedures. Commercially available fluoride toothpaste was

used as control. Plaque was scored and unstimulated salivary

samples were collected at day 0 and after 4 days. A

microbiological analysis was carried out for the salivary

samples. Data were analyzed by using Student’s t-

tests. Results: There was a statistically significant mean

difference in plaque scores after using test paste (1.19 + 0.31)

in comparison with those using placebo toothpaste

(1.95 + 0.33). The difference between mean increase in colony

forming units for the test and the placebo group was

(25.2 + 8) · 105 and (17.5 + 6.01) · 105, respectively, which

was statistically significant. Conclusions: The findings of the

study support the hypothesis that toothpaste containing

salivary substitutes prevents dental biofilm formation and
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exhibits antimicrobial property when compared with a placebo

dentifrice.

Key words: biofilm inhibition; clinical trial; oral bacteria;

plaque; salivary peroxidase system; salivary substitutes;

toothpaste

Introduction

In spite of the changing concepts on aetiology and natural

history of periodontal diseases over the last few decades,

plaque control by self-care is still regarded as essential in

the treatment and prevention of periodontitis (1). As most

individuals seem to have difficulty in achieving perfect

control by mechanical means, research has been directed

towards the development of safe and effective chemical

anti-plaque agents (2).

Many marketed products are multifunctional by virtue of a

range of agents formulated into toothpastes. Use of therapeutic

agents in toothpastes to produce an inhibitory action on plaque

formation is now a well-established approach to improve gingi-

val health (2–5). One of the earliest groups of compounds

studied was metal salts (6, 7). Of these, salts of zinc and tin

have received the greatest attention, more so because of their

recognized antibacterial activity and their relative high safety

profile (8–13).

While the quest for the most suitable antiplaque and anti-

bacterial agent to be incorporated in a dentifrice formulation

goes on, one such compound is a product which brings back

the oral system naturally (Bioxtra�). It is a product of mole-

cular technology which mimics human saliva and encourages

better oral hygiene.

Ambient temperature and regular presence of moisture and

nutrients make the mouth a paradise in which bacteria thrive

and multiply. More than 70% of bacteria in the mouth are

found in biofilms (plaque), yet oral biofilm bacteria have rarely

been taken into consideration when developing oral hygiene

products. Studies have shown that, due to the organized struc-

ture of biofilm, local concentration of antibiotics or chemical

agents necessary to eliminate biofilm bacteria would need to

be 1000 times higher than that for isolated bacteria (14–17). In

a healthy mouth, the continuous combined action of a salivary

defence system, such as salivary peroxidase system, lactoferrin,

lysozyme, immunoglobulin and growth factors combined with

good oral hygiene helps maintain neutral pH and creates an

oral environment where harmful bacteria are inhibited, pre-

venting the formation of biofilm.

The present study used a toothpaste which contained nat-

ural ingredients that form part of the salivary peroxidase sys-

tem which maintains the mouth’s natural ecosystem. The

antimicrobial function of the test paste is the same as that pre-

sent in saliva, tears, breast milk and other human and animal

secretory fluids.

It was hypothesized that supplementing the natural ingredi-

ents of saliva through a dentifrice might prevent the formation

of biofilm and help in preventing the progress of disease. The

objective of this clinico-microbiological trial was two-fold: to

evaluate the anti-plaque effect of a dentifrice containing saliv-

ary substitutes compared with a placebo-control dentifrice and

to assess the effect of dentifrice on oral bacterial count.

Materials and methods

Experimental design and study population

A randomized controlled, double-blind, parallel study compar-

ing a placebo-dentifrice to a dentifrice formulation containing

salivary substitutes was conducted. All participants provided

written informed consent. The inclusion criteria required

patients to be at least 18 years of age, in good general health,

dentate, with no visible signs of untreated caries and periodon-

tal disease, without removable or fixed dental prosthesis or

fixed and removable orthodontic appliances and with a high

standard of oral hygiene and gingival health. A detailed medical

history was obtained from subjects to exclude subjects on phar-

macotherapy or with medical conditions, which might influence

the conduct of the study. Twenty subjects of either gender vol-

unteered to participate in the study. All received oral and writ-

ten information concerning the study and satisfied the inclusion

criteria. The study was conducted in accordance with the ethical

principles that have their origin in the Declaration of Helsinki

and that are consistent with Good Clinical Practice (Fig. 1).

Materials

The test toothpaste used for the purpose of the study was

commercially marketed in the name of Bioxtra�. It is one of
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the natural ingredient-based products manufactured and mar-

keted by Bio-X Healthcare, S.A. Company, Namur, Belgium.

In addition to the common toothpaste ingredients like abra-

sives, humectants, sweetening and flavouring agents, Bioxtra�

contains lactoferrin, lysozyme and lactoperoxidase. The pla-

cebo toothpaste was a commercially available fluoridated tooth-

paste marketed by Colgate-Palmolive, Mumbai, India. The

study was self-funded by the authors and their institution.

Procedure

All subjects underwent professional scaling and polishing for

all visible plaques following the use of a plaque disclosing

agent and were asked to use a regular fluoridated dentifrice for

1 week before the start of the study. Plaque scores were recor-

ded for all at day 1 (baseline score). Subjects were randomly

allocated with (20 gm ⁄ 80 ml) toothpaste slurry prepared by an

independent pharmacist who was blinded to the study. Sam-

ples were to be used for 4 days. Samples were supplied in

marked and coded amber coloured bottles to mask the visible

hue. Subjects were to abstain from all forms of oral hygiene

practices for 4 days and asked to rinse with randomly allocated

slurries of dentifrices (placebo and test paste) twice daily. On

day 5, all surfaces were scored for plaque index. Plaque was

assessed using the Turesky et al. (33) modified plaque index.

An average plaque score was calculated for each patient by

summing the individual plaque scores for each tooth and divid-

ing by the total number of sites scored for each subject. All

clinical recordings were done by a single examiner who was

blinded to the tooth paste sample.

Salivary sampling and microbiological procedures

Unstimulated salivary samples were collected from the sub-

jects into wide-mouthed sterile bottles at day 1 (baseline sam-

ples) and day 5. The samples were coded and immediately

sent for a microbiological analysis to the Department of Micro-

biology, SDM College of Medical Sciences & Hospital, Dhar-

wad. All procedures were carried out using strict aseptic

technique in a laminar airflow chamber (Kartos Int, Noida,

New Delhi, India). Salivary samples were diluted in sterile

normal saline to a final dilution of 1:100 000, 100 ll of this

dilution was inoculated in Brain Heart Infusion Medium

(BHI – calf brain, infusion from 200 g l)1, beef heart, infusion

from 250 g l)1, protease peptone 10 g l)1, dextrose 2 g l)1,

NaCl 5 g l)1, disodium phosphate 2.50 g l)1, agar 15 g l)1, final

ph 7.4 ± 0.2 at 25�C agar plates). The plates were inoculated

at 37�C for 24 h. The colonies were counted using a digital

colony counter (Sii Serwell Instruments Inc, Bangalore, India).

Statistical analysis

All the recorded data were separated according to the numer-

ical code and allocated accordingly to the two groups. Evalua-

tion was done with the Statistical Package of Social Science

(SPSS) version 11. The significances of the clinical results

within the groups and between the groups were tested with

the Student’s paired and unpaired t-tests. A value of P £ 0.05

was considered statistically significant for all analyses.

Results

All volunteers completed the study. No adverse effects or any

minor side effects occurred. The mean baseline plaque scores

for placebo group was 1.36 ± 0.39 when compared with

1.59 ± 0.47 in the test group (Table 1). There was no statisti-

Table 1. Mean plaque score comparing test toothpaste with

placebo control toothpaste – plaque index

Variable

Placebo
toothpaste
(n = 10),
mean (SD)

Test
toothpaste
(n = 10),
mean (SD)

95% CFI

P-value*Lower Upper

Baseline 1.36 (0.39) 1.59 (0.47) )0.6331 0.1731 0.2462
96 h 3.31 (0.44) 2.78 (0.51) 0.0802 0.9798 0.0235
Difference 1.95 (0.34) 1.19 (0.30) 0.4568 1.0632 0.0001

*Student’s paired t-test. CFI, confidence interval.

Healthy subjects (n = 20)
Oral examination, Scaling
Regular fluoridated dentifrice
Random assignment to test/placebo 

Test (n = 10)
Baseline: PI, Salivary samples

Placebo (n = 10)
Baseline: PI, Salivary samples

Evaluation after 96 h
PI, Salivary samples

1 week 96 h 

Day 0
Baseline

Day 4 
Fig. 1. Study design.
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cally significant difference between test and placebo groups in

the baseline scores (P = 0.2462). The mean plaque score using

placebo toothpaste after day 4 was 3.31 ± 0.24, whereas that

for test paste was 2.78 ± 0.51. There was a statistically signifi-

cant difference between the two groups (P = 0.0235). The

mean difference in plaque scores from baseline to day 4 in pla-

cebo group was 1.95 ± 0.33, whereas that in test group was

1.19 ± 0.31, again the values were found to be statistically

significant between both groups (P = 0.0001).

The second part of this experimental study included count-

ing of salivary in colony forming units (CFU) of oral bacteria

at baseline and after using toothpastes for 4 days. The mean

baseline CFU for placebo group was found to be (23.5 ± 5.6) ·
105 CFU when compared with (25.8 ± 6.65) · 105 CFU in

the test group (Table 2). There was no statistically significant

difference between the placebo and test group for the baseline

values (P = 0.4137). After 4 days of toothpaste use, the mean

CFU values for the placebo and test groups were (48.7 ±

11.18) · 105 and (43.3 ± 10.84) · 105 respectively. The mean

increase in CFU values for the placebo and test group was

(25.2 ± 8) · 105 and (17.5 ± 6.01) · 105 respectively, which

was statistically significant (P = 0.0245).

Discussion

The aim of our study was primarily to determine whether a

toothpaste formulation containing salivary substitutes could

provide a benefit at inhibiting plaque formation in comparison

with benchmark control fluoride toothpaste (18, 19).

The study was not designed to demonstrate the efficacy of

any particular active ingredient, but to show that the product

as a whole was significantly better than a recognized conven-

tional fluoride toothpaste. This is the first study to the best of

our knowledge investigating the antiplaque efficacy of a denti-

frice containing human salivary substitutes in individuals hav-

ing normal salivary flow.

Mechanical plaque control is an established gold standard

of all oral hygiene practices and has been clearly shown to

retard the progression of gingivitis and periodontal disease

(20). It has been shown that non-compliant patients

exhibited signs of recurrent disease processes (21). The

inconsistency of simple mechanical control of plaque

accumulation has lead to a number of chemotherapeutic

agents in dentifrices and mouth rinses. Independent studies

have been carried out to determine the efficacy of active

ingredients in toothpaste (18, 19, 22–25). These agents have

generally been incorporated and the action of these agents

has been focused on their anti-microbial action (26).

A 4-day plaque re-growth model instituted for this experi-

ment has been previously used in numerous investigations and

can be described as an established method for testing the

plaque inhibiting effect of an oral hygiene product (18). The

plaque re-growth model ensures a minimum standard of per-

formance for any dentifrice with respect to plaque inhibition

(27).

As the aim of our study was to evaluate the true chemical

antiplaque effect of a dentifrice, the present study utilized

only the use of toothpaste slurry and not the toothbrush. This

is perhaps not surprising as studies attempting to assess the

antiplaque effect of dentifrices are often hampered by the

mechanical action of the toothbrush. The use of toothbrush

would definitely influence the outcome of the study. This idea

is consistent with that of Moran et al. (28) who pointed out

that any antimicrobial product would prove effective when

toothpaste is often used with a toothbrush.

In the present study, slurry was prepared by mixing the

toothpaste in distilled water so that simple rinsing reproduces

the quantity of active substances present in the oral cavity dur-

ing normal tooth brushing without the mechanical cleaning

effect. Previous studies followed 3 g 10 ml)1 regimen for mak-

ing toothpaste slurries (18, 19). However, there is a practical

difficulty to dispense small quantity of slurry to the subjects

each time and allowing subjects to prepare slurry on their

own would bring about increased variability. Therefore,

20 gm ⁄ 80 ml,)1 slurry preparation was dispensed in our study

to be used twice daily for 3 days. The amount of toothpaste

used is greater than normally used on the brush, i.e. 1.45 g

(29) but the resulting concentration in slurry (one in four) is

similar to that achieved in the oral cavity (resulting from the

dilution of the toothpaste on the brush by saliva).

Although the subjects recruited in the study were asked

not to use any mechanical cleansing aid during the plaque

re-growth model, the Hawthorne effect might still have influ-

enced the outcome of the study. The Hawthorne effect refers

Table 2. Mean salivary bacterial colony forming units (CFU)

comparing test toothpaste with placebo control toothpaste –

plaque index

Variable

Placebo
toothpaste
(n = 10),
mean (SD)

Test
toothpaste
(n = 10),
mean (SD)

95% CFI

P-value*Lower Upper

Baseline 23.5 (5.6) 25.8 (6.65) )8.0753 3.4753 0.4137
96 h 48.7 (11.11) 43.3 (10.84) )4.9451 15.7451 0.2873
Difference 25.2 (7.89) 17.5 (6.0) 1.1078 14.2922 0.0245

*Student’s paired t-test, CFI, confidence interval.
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to changes in the behaviour of subjects that occur solely as a

result of participation in an experiment. It is an important con-

founding variable in therapeutic trials, as a major behavioural

factor that influences all outcome measures in periodontal

studies is the degree to which subjects improve and maintain

personal oral hygiene (30–32).

The indices were scored on all surfaces of the tooth. The

use of Turesky et al. modified plaque index (33) to measure

the effects on re-growth after 96 h cannot be extrapolated

into effects on the diseases of gingivitis or caries, but may

provide a rapid screening method for potential antiplaque

agents. Plaque index and not plaque weight or plaque area

was assessed in the present study. Plaque indices remain the

principal assessment of clinical outcomes in clinical trials of

toothbrushes and other methods of plaque removal. There

appears to be no significant advantage in using plaque weight

in periodontal clinical trials (34). The use of the Gingival

Margin Plaque Index or plaque scoring by area to measure

the effects on re-growth after 16 or 24 h cannot be extrapola-

ted into effects on the diseases of gingivitis or caries, but

may, as suggested (35), provide a rapid screening method for

potential antiplaque agents.

An earlier in vivo study comparing the anti-biofilm and

antibacterial activity of this toothpaste formulation reported

significant reduction in quantity of plaque and salivary CFU

(36). The study estimated the total number of viable bacteria

by an ATP assessment of the bacteria versus the bacteria

present. The positive results of Bioxtra� could be attributed

to the lactoperoxidase, lactoferrin, and lysozyme, immuno-

globulins and colostrum whey, which are present in the den-

tifrice as natural salivary substitutes. Van Hooijdonk et al.

(37) reviewed the in vivo antimicrobial and antiviral activity

of components in bovine milk and colostrums involved in

non-specific defence, with special emphasis on lactoferrin and

lactoperoxidase. VanSteenberghe et al. (38) demonstrated the

protective effect of LP-s containing toothpaste in patients

suffering from radiation-induced xerostomia. Patients treated

with the test toothpaste showed less plaque formation and a

lower incidence of gingival inflammation. Ingestion of food

activates the bacteria in the mouth to produce hydrogen

peroxide. Lactoperoxidase in Bioxtra� activates a reaction

between hydrogen peroxide, thiocyanite and oxygen to pro-

duce hypothiocyanite which inhibits bacteria that disturb oral

health thus maintaining a natural oral ecosystem. Lactoferrin

is one of the most important naturally occurring antimicrobial

agents in the mouth. It works in close conjunction with lyso-

zyme to regulate conditions in the mouth. It is antibacterial

(bacteriostatic as well as bactericidal), antiviral, and antipara-

sitic which is a key part of primary defence system and pro-

motes commensal flora. The direct bacteriostatic effect is

attributed to iron deprivation whereas bactericidal activity is

related to the direct binding of lactoferrin to the microbial

membrane, which alters the membrane permeability through

dispersion of lipopolysaccharides and leads to microbial kill-

ing (37, 39, 40). Lysozyme is an enzyme present in saliva

known to have antifungal effect and it has synergistic action

with lactoferrin (41–43). Immunoglobulins are important pro-

teins produced by the body’s immune system. Colostrum

whey contains a mixture of antimicrobial molecules with vita-

mins and calcium, which help safeguard health and vitality,

protecting the mouth from disease.

Bioxtra� has been formulated keeping in mind the guide-

lines on the assessment of the efficacy of tooth pastes, which

warrants a dentifrice to be non-allergic, having no bacterial

resistance and safe for long-term use (44). Bacteria cannot

become resistant as they do not become resistant to natural

saliva. Also the flavouring agent is natural essential oils which

have been carefully selected to be gentle on sore mouths. As a

result there is less likelihood of allergic reaction. As it mimics

the activity of natural saliva and contains no antibiotic or other

strong chemicals, it may be suitable and recommended for

regular long-term use. Shahdad et al. carried out a double-

blind, crossover study comparing Bioxtra� systems with

another in patients with post-radiotherapy xerostomia and

reported a better acceptance and compliance in xerostomic

patients with Bioxtra� systems (45).

In our study, there were statistically significant reductions in

test group compared with control group. These differences in

the overall changes in the indices and CFU suggest antibacte-

rial effect in the test paste responsible for its antiplaque and

antibacterial effect.

There is little evidence to support the association of groups

of bacteria with plaque. To date, the studies describe complex

and variable associations without being able to define the

extent to which any species or combination of species can

account for the clinical differentiation between health and dis-

ease (46–49). In this study we assessed only the quantitative

(CFU) analysis and not the qualitative analysis, as plaque har-

bours a variety of micro-organisms and it is difficult to isolate,

culture and identify each type of micro-organism separately.

No subgingival or GCF samples were assessed as no effect on

the subgingival microbiota will be expected from toothpaste

(50). Also, the importance of the contained detergents must be

considered as many surfactants, including those in commercial

formulations, have been shown from in vitro studies to reduce

plaque formation (51).
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In addition, some of the subjects in our study showed lower

than expected levels of plaque than seen in previous trials and

therefore the use of different volunteers with differing tenden-

cies for plaque re-growth does not make a direct comparison

possible. It therefore remains to be determined whether the

new formulations would be of value to gingival health irres-

pective of a success in this study to exhibit any effects on

plaque formation and oral bacterial count. Therefore, further

studies with larger sample size under the same or at least sim-

ilar conditions are essential for conclusive evaluation, in partic-

ular in comparison with other active substances.

Thus, within the limitations of the study, it may be conclu-

ded that dentifrice containing human salivary substitute has a

better antiplaque efficacy and antimicrobial property as

compared with a placebo dentifrice.

References

1 Glavind L, Nyvad B. Scientific basis for oral health recommenda-

tions for self care. In: Gjermo R, ed. Promotion of Self-care in Oral

Health. Oslo, Dental Faculty, 1987, 77–92.

2 Kornman KS. Antimicrobial agents. In: Loe H, Kleinman DV, eds.

Dental Plaque Control Measures and Oral Hygiene Practices. Washing-

ton, DC, IRL Press, 1986, 121–142.

3 Van der Ouderaa FJG. Antiplaque agents: rationale and prospects

for prevention of gingivitis and periodontal disease. J Clin Periodon-

tol 1991; 18: 447–454.

4 Addy M, Renton-Harper P. Local and systemic chemotherapy in

the management of periodontal disease: an opinion and review of

the concept. J Oral Rehab 1996; 23: 219–231.

5 Moran J, Addy M, Corr D, Newcombe RG, Haywood J. A study to

assess the plaque inhibitory action of a new zinc citrate toothpaste

formulation. J Clin Periodontol 2000; 28: 157–161.

6 Harrap GJ. Assessment of the effect of dentifrices on the growth of

dental plaque J Clin Periodontol 1974; 1: 166–174.

7 Saxton CA, Harrap GJ, Lloyd A. The effect of dentifrices contain-

ing zinc citrate on plaque growth and oral zinc levels. J Clin Perio-

dontol 1986; 13: 301–306.

8 Giertsen E, Svatun B, Saxton CA. Plaque inhibition by Hexetidine

and zinc. Scan J Dent Res 1987; 95: 49–54.

9 Scheie AA. Modes of action of currently known antiplaque agents

other than chlorhexidine. J Dent Res 1989; 68(special issue): 1609–

1618.

10 Jackson R. Toothpaste, mouthrinse, and other topical remedies in

periodontics. Metal salts, essential oils, and phenols – old or new?

Periodontol 2000 1997; 15: 63–73.

11 Gjermo P, Saxton CA. Antibacterial dentifrices: clinical data and

relevance with emphasis on zinc ⁄ triclosan. J Clin Periodontol 1991;

18: 468–473.

12 Svatun B, Saxton CA, Huntington E, Cummins D. The effects of a

silica dentifrice containing triclosan and zinc citrate on supragin-

gival plaque and calculus formation and the control of gingivitis.

Int Den J 1993; 43: 431–439.

13 Cummins D. Vehicles: How to deliver the goods in Toothpaste,

mouthrinse and other topical remedies in periodontics. Periodontol

2000 1997; 15: 84–99.

14 Costerton JW. The formation of biocide-resistant biofilms in indus-

trial, natural and medical systems. Dev Ind Microbiol 1984; 25: 363–

372.

15 Manz W, Szewzyk U, Ericson P. In situ identification of bacteria in

drinking water and adjoining biofilms by hybridization with 16s and

23s rRNA-directed fluorescent oligo-nucleotide probes. Appl Envi-

ron Microbiol 1993; 59: 2293–2298.

16 Wilderer PA, Charaklis WG. Structure and function of biofilms. In:

Charaklis WG, Wilderer PA, eds. Structure and functiion of biofilms.

Chichester, UK, John Wiley, 1989, 5–17.

17 Yu FP, McPeters GA. Physiological response of bacteria in biofilms

to disinfection. Appl Environ Microbiol 1994; 60: 2462–2466.

18 Addy M, Willis L, Moran J. Effect of toothpaste rinses compared

with chlorhexidine on plaque formation during a 4-day period.

J Clin Periodontol 1983; 10: 89–99.

19 Addy M, Jenkins S, Newcombe R. The effect of triclosan, stannous

fluoride and chlorhexidine product on plaque re-growth over a

4-day period. J Clin Periodontol 1990; 17: 693–697.

20 Wilson TG, Glover ME, Malik AK, Schoen JA, Dousett D. Tooth

loss in maintenance patients in a private periodontal practice.

J Periodontol 1987; 58: 231–235.

21 Axelsson P, Lindhe J. The significance of the maintenance care in

the treatment of periodontal disease. J Clin Periodontol 1981; 8:

281–294.

22 Jenkins S, Addy M, Newcombe R. Toothpastes containing 0.3%

and 0.5% triclosan. (I). Effects on 4-day plaque regrowth. Am J Dent

1989; 2: 211–214.

23 Jenkins S, Addy M, Newcombe R. Studies on the effect of tooth-

paste rinses on plaque re-growth. (II). Triclosan with and without

zinc citrate formulations. J Clin Periodontol 1989; 16: 385–387.

24 Jenkins S, Addy M, Newcombe R. Triclosan and sodium lauryl sul-

phate mouthrinses. (II). Effects on 4-day plaque regrowth. J Clin

Periodontol 1991; 18: 145–148.

25 Binney A, Addy M, McKeowr S, Everatt L. The choice of controls

in tooth paste studies. The effect of a number of commer-

cially available toothpaste compared to water on a 4-day plaque

re-growth. J Clin Periodontol 1996; 23: 456–459.

26 Cummins D, Creeth JE. Delivery of antiplaque agents from

dentifrices, gels and mouthwashes. J Dent Res 1992; 71: 1439–

1449.

27 FDI Commission Work project. Guidelines on the assessment of

the efficacy of toothpastes. Int Den J 1999; 48: 311–316.

28 Moran J, Addy M, Kohut B, Hovliaras CA, Newcombe R. Efficacy

of mouth rinses in inhibiting the development of supragingival pla-

que over a 4-day period of no oral hygiene. J Periodontol 1994; 65:

904–907.

29 Duke SA, Forward GC. The conditions occurring in vivo when

brushing with toothpastes. Br Dent J 1987; 152: 52–54.

30 Loe H, Theilade E, Jensen SB. Experimental gingivitis in man.

J Periodontol 1965; 36: 177–187.

31 Suomi JD, Greene JC, Vermillion JR, Doyle J, Chang JJ, Leather-

wood EC. The effect of controlled oral hygiene procedures on the

progression of periodontal disease in adults: results after third and

final year. J Periodontol 1971; 42: 152–160.

32 Lang NP, Cumming BR, Loe H. Toothbrush frequency as it is

related to plaque development and gingival health. J Periodontol

1973; 44: 396–402.

33 Turesky S, Gilmore ND, Glickman I. Reduced plaque formation

the chloromethyl analogue of vitamin C. J Periodontol 1970; 41:

41–43.

Hatti et al. Salivary substitutes and biofilm inhibition

Int J Dent Hygiene 5, 2007; 218–224 223



34 McCracken GI, Preshaw PM, Steen IN, Swan M, DeJager M,

Heasman PA. Measuring plaque in clinical trials: index or weight?

J Clin Periodontol 2006; 33: 172–176.

35 Stean H, Forward GC. Measurement of plaque growth following

tooth brushing. Community Dent Oral Epidemiol 1980; 8: 420–423.

36 Perraudin JP, Courtois P. Novel treatment of infectious diseases

involving microbial biofilms. J Int Acad Periodontol 2001; 3: 120

(Abstract).

37 Van Hooijdonk AC, Kussendrager KD, Steijns JM. In vivo anti-

microbial and antiviral activity of components in bovine milk and

colostrum involved in non-specific defence. Br J Nutr 2000; 84

(Suppl. 1): S127–S134.

38 VanSteenberghe D, VandenEynde E, Jacobs R, Quiryen M. Effect

of a lactoperoxidase containing toothpaste in radiation-induced

xerostomia. Int Den J 1994; 44: 133–138.

39 Ihalin R, Loimaranta V, Tenovuo J. Origin, structure, and biologi-

cal activities of peroxidases in human saliva. Arch Biochem Biophys

2006; 445: 261–268.

40 Kirstila V, Lenander-Lumikari M, Soderling E, Tenovuo J. Effects

of oral hygiene products containing lactoperoxidase, lysozyme, and

lactoferrin on the composition of whole saliva and on subjective

oral symptoms in patients with xerostomia. Acta Odontol Scand

1996; 54: 391–397.

41 Tenovuo J, Mansson-Rahemtulla B, Pruitt KM, Arnold R. Inhibi-

tion of dental plaque acid production by the salivary lactoperoxi-

dase antimicrobial system. Infect Immun 1981; 34: 208.

42 Tenovuo J. Clinical applications of antimicrobial host proteins

lactoperoxidase, lysozyme and lactoferrin in xerostomia: efficacy

and safety. Oral Dis 2002; 8: 23–29. Review.

43 Geiszt M, Witta J, Baffi J, Lekstrom K, Leto TL. Dual oxidizes

represent novel hydrogen peroxide sources supporting mucosal

surface host defense. FASEB 2003; 17: 1502–1504.

44 Council on dental therapeutics. Guidelines for acceptance of

chemotherapeutic products for the control of supragingival dental

plaque and gingivitis. J Am Med Assoc 1986; 112: 529–532.

45 Shahdad SA, Taylor C, Barclay SC, Steen IN, Preshaw PM. A

double-blind, crossover study of Biotène Oralbalance and BioXtra

systems as salivary substitutes in patients with post-radiotherapy

xerostomia. Eur J Cancer Care 2005; 14: 319–326.

46 Ranney RR. Criteria for efficacy of plaque control agents for perio-

dontal disease microbiology. J Dent Res 1989; 68: 1655–1660.

47 Moore LVH, Moore WE, Cato EP et al. Bacteriology of human

gingivitis J Dent Res 1987; 66: 989–995.

48 Slots J. Bacterial specificity in adult periodontitis. J Clin Periodontol

1986; 13: 912–917.

49 Socransky SS, Haffajee AD, Goodson JM, Lindhe . New concepts of

destructive periodontal disease. J Clin Periodontol 1984; 11: 21–32.

50 Marsh PD. Microbiological aspects of the chemical control of pla-

que and gingivitis. J Dent Res 1992; 71: 1431–1438.

51 Baker PJ, Coburn RA, Genco RJ, Evans RT. The in vitro inhibition

of microbial growth and plaque formation by surfactant drugs.

J Periodontal Res 1978; 13: 474–485.

Hatti et al. Salivary substitutes and biofilm inhibition

224 Int J Dent Hygiene 5, 2007; 218–224




