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The Effect of Salvadora Persica Extract (Miswak)
and Chlorahexidine Gluconate
on Human Dentin: A SEM Study

Khalhd Almas, BDS, M5e, DDPH, FRACDS, FDSRCS, FICD, FADI

Abstract

Bacterial plaque is solely responsible for the initiation and progression of periodontal diseases. There are
different mechanical and chemical methods available for the maintenance of oral health through plaque
control. Toothbrushes and miswak (chewing sticks) are widely used for the mechanical removal of plaque.
Chlorhexidine gluconate (CHX) is one of the best-proven anti-plaque agents.

The aim of this study was to evaluate the effects of CHX and miswak extract on healthy and periodontally
involved human dentin. Sixteen human premolars recently extracted for orthodontic and periodontal rea-
sons were used in the study. Teeth were free from caries, cervical restorations, or erosions. The dentin disc
specimens were prepared and half of them were etched with 6% citric acid for 120 sec. Both etched and
unetched were further treated with CHX and 50% miswak extract and prepared for Scanning Electron Micro-
scopic (SEM) examination. It was concluded that CHX 0.2% and miswak extract 50% had a similar effect
on dentin in the control group. Miswak extract removed more smear layer as compared to CHX. Further
research is needed in vivo to compare the effects of CHX and miswak extract on periodontally involved teeth
and teeth with dentinal hypersensitivity.
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Introduction

Bacterial plaque is the primary etiology but not
solely responsible for the initiation and progres-
sion of periodontal diseases. There are different
methods available for the maintenance of oral
health. These are mainly mechanical and chemi-
cal. Toothbrushes and dentifrices are widely used
for cleaning the teeth. The traditional toothbrush
or chewing stick called “Miswak” has been used
since ancient history.’

Miswak (chewing sticks) were used by the Babylo-
nians some 7000 years ago; they were later used
throughout the Greek and Roman empires and
have been used by Jews, Egyptians, and in the
Islamic empires. It is believed that this precursor
to the modern day toothbrush was used in Europe
until about 300 years ago.” Today, miswak is be-
ing used in Africa, South America, Asia, the Middle
East including Saudi Arabia, and throughout the
Islamic countries.’ It has different names in differ-
ent societies, for instance, miswak, siwak, or arak
are used in the Middle East; miswak in Tanzania;
datan and miswak in India and Pakistan.' The
use of the chewing stick is deeply rooted in many
cultures. In the Middle East, the most common
source of chewing sticks is the Arak (Salvadora
persica) tree. In West Africa the lime tree (citrus
aurantafolia) and the orange tree (Citrus sinesis)
are used. The roots of Senna (Cassia vinnea)
were used by black Americans and those of
African laburnum (Cassia sieberianba) were used
in Sierra Leone. Neem (Azadirachta indica) is
widely used in the Indian subcontinent.”

Many studies have demonstrated the antibacte-
rial, anti-caries, anti-periopathic, and anti-fungal
properties of aqueous extracts of various chewing
sticks.®®”® There are only three studies compar-
ing the antimicrobial effects due to the age of

the miswak.*’®"" The relative accessibility and
popularity of chewing sticks in the Middle East
and Africa as an oral hygiene tool make it a cost
effective agent for plaque control in such commu-
nities.'*"

Chlorhexidine gluconate (CHX), a cationic bisbi-
guanide, is the best-known and most widely used
member of the bisbiguanide class. The efficacy of
CHX in significantly reducing plaque and gingivitis
(compared with placebos) when used twice daily
as a supplement to tooth brushing is well estab-
lished. The mechanism of action of CHX is due
mainly to the rupture of the bacterial cell wall and
precipitation of the cytoplasmic content.

Early studies used 10 ml of a 0.2% solution for a
total of 20 mg CHX per use. There are studies
supporting the effectiveness of 0.12% CHX using
15 ml of this solution.”*"" The total amount of
CHX per use was essentially the same, and the
clinical findings with the two formulations were
similar: plaque reductions in the 50-55% range
and reduction in gingivitis of about 45%. The
major side effects of CHX are a brown staining of
the teeth and tongue, formation of supragingival
calculus, taste alteration, and oral desquamation
in children.”'*"** Allergic reactions have been
reported in some patients, especially Asians.”

When CHX is used following brushing, one should
allow at least 30 minutes after tooth brushing and
before rinsing with this chemical because of an
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interaction (and possible activation) between vari-
ous positively charged dentifrice detergents and
the cationic CHX.* Also, an antagonistic inter-
action can occur with the anionic fluoride ion in
mouthrinses, toothpastes, and stannous fluoride
products. The 30-minute interval is intended to
minimize the diminution in activity of CHX.*

To date, there are no studies comparing miswak
extract and CHX solution on the dentinal root
surface. The aim of this study was to compare
the dentin surface changes after the application
of 50% aqueous extract of miswak (Salvadora
persica) and 0.2% CHX on etched and unetched
healthy and periodontally involved dentin.

Materials and Methods
Study Design

Sixteen human premolars recently extracted for
orthodontic (eight) and periodontic reasons (eight)

were used in the study. Teeth were free from car-
ies, cervical restorations, or erosions and were
stored in tubes containing saline. The anatomical
crown (including 1 mm of the coronal portion of the
root) was removed with a water coolant high-speed
bur. To remove the cementum and expose the
underlying dentin, the root surface was thoroughly
planed and flattened with a 15 mm grit diamond
(Perioset, Intensive Philadelphia, PA) used under
continuous water coolant at 20,000 to 30,000 rpm.
The root was then sectioned mesiodistally to obtain
a 1 mm thick dentin disc.

(Figure 1)

Treatment

The dentin disc was divided into two halves, etched
and unetched groups. One half of the etched half
disc was rotated in 6% citric acid for 120 sec and
then quartered. Control and test quarters were
prepared accordingly. (Figure 1)

Study Design

Treatment of Discs

-

Etched
side

Rotate in 6% citric
acid for 2 mins

quartered
Control Test
quarter quarter
p—

Test substance
applied

Air-dried and Air-dried and
prepared for prepared for
SEM SEM

&———> 0-1mm

Unetched
side

quartered

Control Test
quarter quarter

Test substance
applied

Air-dried and Air-dried and
prepared for prepared for
SEM SEM

The Journal of Contemporary Dental Practice, Volume 3, No. 3, August 15, 2002




Table 1. Treatment modalities of the rost dentin,

Group Specimens Citric Acid Etched pH 2.5 | Test Material | pH | Quantity | Dwration (sec) | Mo.

Etchad 4

1 Controp 25| smi 120
Un=stched 4
Etchad 4

G| Fevockstay totmd 25| smi 120
Ui & e F|
- I:E:;E:r:'ﬂ“u Etchad CHX . . . d
Unaedchaed CHX 4
Periodornally Irmeohed = e b

4 (Experimental E.1 & il 120

Unatched CHX

6 s e 60| &mi 120 )
- Unetched Mirswak 4

g | Penodostally knohed =] [ - .
[EIPMAT AN Unatched Mirswak 4

The dentin specimens were etched and unetched. Results

They were etched with 6% citric acid (pH 2.5).
Following etching, CHX 0.2% (pH 6.1) or 50%
aqueous extract of miswak (pH 6.0) were used.
The pH of each solution (citric acid, CHX, and
miswak extract) was tested with a hand-held,
battery operated pH meter (Model 594100 Cole
Parmer Instrument Company, Chicago, IL). A total
of 48 specimens were obtained and prepared as
per study design. The 48 dentin specimens were
divided into 6 groups of healthy and periodontally
involved discs of 8 specimens each. (Table 1)

SEM Preparation

All specimens were fixed in glutaraldehyde (pH
7.3) and then prepared for Scanning Electron
Microscopy (SEM) after fixation; dehydration was
done in a graded series of ethanol and with 100%
acetone use as a final step. Each of the speci-
mens was mounted on aluminum stubs coated

in gold with a sputter technique. The specimens
were examined by the SEM (SEM, Jeol, Japan)
operated at 25 KV and with a tilt angle of between
0-30 degrees. Twelve micrographs were pre-
pared, one from each subgroup of 4 specimens.

The appearance of each of the specimens within
a conditioning regimen were similar. The results
are presented in Table 2.

Control Group

1. More dentinal tubules are open in periodon-
tally involved dentin as compared to healthy
dentin in both etched and unetched speci-
mens. (Figures 2, 3, 4, 5)

Healthy vs Periodontally Diseased Dentin

2. CHX and miswak solutions have a similar
effect on healthy dentin. (Figures 6, 8, 10, 12)

3. Miswak opened more dentinal tubules in
periodontally involved dentin. (Figure 11)

CHX vs Miswak Extract

4. CHX partially occluded dentinal tubules in
both etched specimens. (Figures 6, 7)

5. Miswak extract opened more dentinal tubules
in healthy etched and periodontally involved
etched specimens. (Figures 10, 11)

The Journal of Contemporary Dental Practice, Volume 3, No. 3, August 15, 2002




Tahble 2. Effects of CHX and miswak extract on root dentin.

- . Experimental Group
Control Group Citric Acid

Dentin Specimen CHX Miswak
E UE E UE E UE
sL
sL g0 | o
Healthy ngT g'[-] GD g'[-] ODT | PODT
c DTO DTPG | oDT
ooT
ooT ooT GD
Periodontally Involved PODT ETDFEE PODT SE PODT Dgg
GD DTO oDT
GD
Key:
E = Etched
UE = Unetched
C = Cracks

GD = Grinding debris

SL = Smear layer

ODT = Opened dentinal tubules

PODT = Partially opened dentinal tubules
DTO = Dentinal tubules occluded

DTPO = Dentinal tubules partially occluded

Figmie 3: SEM phatsmicisgiaph of dentin surface shews

spened dentins Tubsles, pamially spened Sentinal ubsles, and
grinding debia [Persdantally imvebed siched)

Figuie 2: SEM phetemiciograph of dentis wurlnes shoms smaad .
lagoer, partially opened densnal fububes, grinding Sebris, and Figure 4: SEM phetomiciagraph of densn taflsce thiws wmbad
seme orecks. [Healthy etched) layed @nd same grinding dabis, [Healhy saatechad)
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Figue 5: SEM phetomicrogragh of dentin suwifsce shows
ospened demtinal fubules. partially apened denfinal hobules,
dentinal tubules panlally occluded, and same dentinal tebules
occlhuded as well. [Fetiedontally imboed snetched)

F 62 SEM photomicograph of denin surlsce sh
_E,' v E.'n...i dentinal tubules scchuded, (Healthy
eiched an

Figuee 7; SEM phetomics
spened dentimal twbules, pardial

some dantingl tubwles occluded, [Pericdontally invobred eiched
wnd CHX)

agraph of demtin surface shows
Iy apened dentinal tebules, and

Figure & SEM pholomicregraph of destin surface shows smear
layer amd gerinding debris. (Healthy anetched and CHY)

Figuie 10: SEM photsmicrogiaph of dentin surlscs shews
gitnding dabiis openad desatingl lubiles, and dantinal hibulas
parially sccluded, fHealty eiched and minwak]

Figwre 11: SEM phatomicrogeragh of dendin serisce shows

: Elu.l delbsris, lly opened dentinal tubsles, and spemed
entinal fubules. [Perledontally imvobved etched amd miswak)
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Figure 12: SEM phatemicrogragh of destin suface shows
grinding dabris, parislly openad destinal ubules, and openad
dentingl lubules, [Haahhy unetched and mivwak)

Discussion

This study investigated utilizing a SEM examina-
tion of root dentin after application of CHX and
miswak extract. The root dentin was either etched
or unetched by using citric acid on both healthy
and periodontally involved surfaces.

A root surface exposed to a periodontal pocket
may harbor bacterial cells®* as well as their
cytotoxic products®?, thus, representing a poor
substrate for plasma protein absorption and
subsequent fibrin adhesion. The root surface may
then become hypermineralized and may accu-
mulate exogenous organic material.”® Chemical
decontamination or detoxification of diseased root
surfaces has been achieved with agents such

as EDTA®, tetracycline hydrochloride®, and citric
acid.” Etching agents dissolve the smear layer
as well as parts of the mineralized root surface
exposing collagenous fibers depending on expo-
sure time and agent.” However, conflicting results
regarding the etching effect have been presented
depending on the mode of application.” Rubbing
of the dentin surface with a cotton pellet soaked
in citric acid appears to expose more intertubu-
lar fibrils and widen dentinal tubules to a greater
extent compared to passive application (without
rubbing) of the acid.* In the present study, the
passive application of citric acid was performed to
avoid the mechanical action of rubbing the den-
tin and creating a smear layer. After mechanical
instrumentation of a root surface, a smear layer

is usually present.”’ It has been characterized as
an amorphous structure obscuring the underlying
dentin surface.” After acid treatment, the smear
layer is removed leaving patent dentinal tubules
and varying degrees of dentin matrix exposed.”*

The results of the present study suggest the
agents used for conditioning root surfaces affect
the surfaces in different ways and may be of im-
portance in periodontal regenerative procedures.
Wen et al” evaluated the effect of citric acid (pH
1.0) application techniques on freshly extracted
teeth and concluded it may be undesirable to
apply citric acid using excessive pressure. So in
the present study the soaking of dentin was done
only in etched healthy dentin and when there was
a periodontally involved smear layer and grinding
debris was present. Etching did partially remove
the smear layer in the control group. When CHX
and miswak extract were used, there was less
removal of the smear layer in etched dentin by
CHX compared to miswak extract. This may be
explained by the possible astringent effect of CHX,
though the pH of both CHX and miswak extract
was similar (6 and 6.1, respectively) in healthy
dentin. It was observed that miswak opened more
dentinal tubules in periodontally involved dentin as
compared to CHX. This may have a clinical impli-
cation of enhancing the regenerative opportunity
of periodontium and root surface healing.

The clinical interest and relevance of miswak ap-
pears to arise from a number of mechanisms in
addition to its acidic and antimicrobial properties.
The results of the study are limited to physical
findings of root dentin changes and do not repre-
sent in vivo differences that may result from physi-
ologic effects of miswak extract. The results of
the present study are in accordance with previous
work regarding the effects of chewing stick extract
on healthy and periodontally involved dentin®

and on healthy dentin.* The chemical analysis of
Salvadora persica has shown it contains trimeth-
ylamine, salvadorine, chlorides, fluoride in large
amounts, silica, sulphur, vitamin C, and small
quantitites of tannins, saponins, flavenoids, and
sterols.” It would be interesting to find out the
effect of these individual constituents of miswak
on root dentin.

The surface characteristics produced by the two
solutions (CHX and miswak) were not significantly
different, so the selection of either agent should be
based on its other properties. Additional studies in
the future may provide results that could justify the
clinical application of these agents. The role of
both CHX and miswak extract may be explored in
subjects with dentinal hypersensitivity.
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Conclusions

Within the limitations of this study, the following conclusions can be drawn:

1. CHX 0.2% and 50% miswak extract had similar effects on dentin specimans.
2. | Miswak extracl removes more smear layer as compared fo CHX
3. The pH of both CHX and miswak extract may have the same effect on dentin.
4. Further research 1s needed in vivo to compare the effects of CHX and miswak extract on
periodontally invelvad testh and hypersansitiity testh
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