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Abstract

Due to their popular uses, Salvadora persica (Miswak) plant possesses several bioactive effects and it is
important to focus on their valuable effectiveness, especially on dental and oral health. The present review
deals with many sections to obtain suitable knowledge about miswak such as chemical compositions,
bioactivity, partitioning of active materials, method of obtaining miswak extract and the potent of this plant on
dental and oral health according to their antioxidant, antifungal, antibacterial, antimicrobial, antiphlogistic,

antimycotic, anticarcinogenic, anticandidal, anti-inflammatory and anti-plaque properties.
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Introduction:

Salvadora persica L. (Miswak) is a tree from
Salvadoraceae family, Mongnoliopsida Class naturally
grown in the Saudi Arabia, Iran, India, and parts of
Africa and are spread to all Islamic countries. By World
Health Organization (WHO),it is considered as a safe
tool for oral tooth hygiene. It has several known names
derived from “Miswak” word like siwak, sewak, miswak
beside arak(}).

Chewing sticks of Salvadora persica have different
names in different languages, such as miswak, mastic,
koyoji, in Arabic, Latin and Japanese languages
respectively®.

Miswak is a natural plant widespread and used as
an effective oral hygiene tool depending on its chemical,
medicinal, and mechanical characters®**. Miswagq,
arak or chewing sticks are different synonyms for a plant
which was used before 7000 years ago by Babylonians,
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then Roman and Greeks followed by ancient Egyptians
and millions of Muslims all over the word®.

Active components in Miswak plant parts(:”) are
varied in their chemical formula, structure, concentration,
action, extraction method, an others. They may be
organic or inorganic, charged or neutral, water- or fat-
soluble.

Miswak has antioxidant, antifungal, antibacterial,
anti-inflammatory affects and it possess anti-plaque
properties®%10:1112,13)

Summary from
pharmaceutical notes:
important medicinal activities depending on its chemical
contents. It contains benzyl isothiocyanate, alkaloids,
tannins, glycosides, terpenes, flavonoids, fatty acids,
silicon, potassium, sodium, calcium, magnesium,
manganese, phosphorus, fluorine, sulfur, and others
(Figure 1). These active components may be ranged in
their concentration reflecting environmental impacts on
any plant especially natural one(!»!415:16),

chemical, biological, and

Extract of miswak exerts

Aqueous extract of its root, stem, or leaf has an
effective inhibition impact on some bacteria ranged
from low to moderate, but not high antimicrobial
response!718:19:20) a5 4 result of presence several organic
and inorganic compounds®!-?22%),
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Anyplant part having various active components
which are responsible of different influence upon
specific biological problem®?232425) Miswak used to
treat diuretic, gastritis, anacylost-omiasis, gonorrhea,
inflamm-atory, hypolipidemic, anti-pyretic,
caused by alcohol or psychological stress, and
hypoglycemic. Lowering chol- esterol plasma or oral
Candidiasis of patient with renal transplant situation can
be achieved with miswak using. Also, it possesses other
important agents to treat analgesic, malaria, alexiteric,
astringent, leucoder- ma, scabies, venereal, and other
diseases. Miswak applications are in general in dental
hygiene but it showed a noticeable influence in viral
resistance, wound healing, antiphlogistic, anastringent,

and antimycotic activities, gingiva,-stimulation and
depressant activity(126:27:28.29.30,31,32,33,34,35,36,37)

ulcers

Ahmad and Ahamed in their published article!®®
reviewed miswak chemical contents and its actions in
biological systems. Also, in this review®® and other
published papers researchers?3-27-30:32.3436) engyred that
miswak phytochemical contents varied from organic
to inorganic materials with remarkable properties
(Figure 1.). For example, they contain many elements
support like silicon in the form of silicate providing the
necessary strength to perform its mechanical action.
Many fatty acids, polysaccharides, phenol and furan
derivatives in lignins, thio- compounds, and sterols are
presented in plants parts varied in their concentrations
like palmitic acid, myristic acid, lauric acid, salvadoside,
salvadoraside, salvadorine, trimethyl amine, sitosterol,
liriodendrin, syringing, rutin, quercetin, different amide
forms, ascorbic acid, B-sitosterol, mustard oil, tannins,
saponins, beside high fluoride and chloride contents
(Figure 1.)(232730.323436)  According to a published
study, miswak root contains oil that may be obtained
by steam distillation consisting of benzyl isothiocyanate
as the major component beside flavonoids, a-pinene,
and limonene®"). Essential oil of this plant currently
under review had a major content of benzyl thiocyanate
and benzyl nitrile with less than 7% of benzaldehyde,
carvacrol, aniline and naphthalene. Here, ascorbic acid
(vitamin C) with thio — compound and all plant active
components present a defense wall against bleeding,
plaque, gingival bleeding and inflammatory actions®?.

Various studies showed the capability of miswak
extract to form new composites having metal oxide
or polymer with qualified properties differed from

the original material. The properties of the obtained
composites may have a raise in chemical, physical,
biological, or mechanical characters. Miswak extract is
considered as an effective substance when mixed with
other materials to produce homogenized nanocomposite,
confirming that this step is an eco-friendly method with

good results comparing with the absence of extract
use3839),

Benzyl thioisocyanate abbrev- iated by BITC is the
main component in miswak and other plants with various
biological activities and according to http://pubchem.
ncbi.nlm.nib.govwebsite, BITC is used as food flavor
with warning that it causes eye and respiratory irritation
as a pure chemical.

Bioactivity of miswak: Evaluation of the biological
effects of chemicalsis depend upon several factors such
as chemical structure, biological target, concentration,
physical conditions, pH, ...etc.

For example, thiocyanate, nitrate, sulfate, or chloride
ion that found in Miswak“? influenced oxygen, some
aminoacid ormonosaccharidetransport, phosphorylation.
Bacteria or virus can be inhibited by several mechanisms
including enzyme action on sulfhydryl group and this
group can be reacted with hypothiocyanite — Hydrogen
peroxide catalyzed by lactoperoxidase™!#*>*)as shown
in Figure 2. Hypothiocyanite anion production may be
increased or inhibited with the presence of plant extract
like miswak extract to control acid production effect on
tooth. These anions may be released during hydrolysis
with variation in concentration in all plant parts®®.

In biological systems, oxidation — reduction reaction
may occur by the same starting materials with different
products depending upon pH or enzyme. Glucosionlate
group found in various plant families as a secondary
products of metabolic pathways with three subgroups
containing aliphatic a- amino acids, glucose, and sulfur
atom™?,

Hydrolysis of this group is influenced by the pH
factor producing nitrate, sulfate, and glucose at low
pH while neutral condition give organic isothiocyanate
compounds beside sulfate and glucose. Myrosinase
enzyme catalyzes organic isothiocyanates to their alcohol
and thiocyanate. These isothiocyantes act as signaling,
anticarcinogenic, and detoxification molecules beside
others biological actions(*2:43-46:47.48:49)
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Figure 1. Chemical structures of several active components in miswak.
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Nitrogen organic and inorganic components may
be presented in any plant parts that may converted to
another different compounds causing various effects
depending upon their chemical structures and other
factors. Oxidation — Reduction of nitrogen compounds
like ammonia, urea, nitrate, nitrite, amino acid, peptide,
protein, ... etc. may result in ecosystem antimicrobial
activity3031-52),

Organic and inorganic nitrogen — sulfur compounds
in plants varied in their structures and functions in plants
itself or in other biological systems(®3-34-35:36.57),

Thiocyanate is one of these active acidic component
found in various biological systems by being a part of
human or enter human body through daily intake plants
or animal products®®. This important metabolism
product utilizes several important actions even with
its low concentration in human tear (150uM), human
breast milk (100 nM), while cow milk (170 pM)
through its bacteriostatic function. Accumulation of it
leads to biological toxicity that can be lowered by renal
elimination in human. Thiocyanate- hydrogen peroxide
system catalyzed by peroxidase enzyme produces the
antimicrobial agent (hypothiocyanous acid, HOSCN)
that crosses cell wall of bacteria then reacting with
sulfuhydryl (-SH), nitrogen, or selenium containing
material to form (S-S), (S-O), (S-N), or (S-Se) bonds
giving its antibacterial performance in many sites like
oral cavity and saliva. This HOSCN may inhibit the

growth of oral fungi or echovirus towards improving
lung role(5%:60.61,62,63,64

In general, thiocyanate is less toxic than cyanide
(CN) and it is eliminated by kidney. This toxicity did
not prevent researchers from using thiocyanate as an
oral under controlling dose to avoid sensitizing or
suicide cases in Central Nervous, thyroid, skin, or renal
system or any related toxicity of SCN™ as a metabolite of
cyanogenic drug, dietary, or smoking(6>66:67),

Chlorine atom in its ionic form is another important
micronutrient found in plant parts with biological
importance even at low needed concentration®®. It
controls many activities in plant and other biological
systems like electric charge balance, cell osmotic,
enzyme, ionic, pH, and water regulations that contribute
in other biological performances such as growth, ion
— ion interchangeable operation, or disease resistance.
Published articles confirmed that chloride ion can be
replaced by other important anions (phosphate, sulfate,

or nitrate). This replacement is with important influence
because chloride accumulation causes salt stress and
toxicity, especially in plants and microbiological
systems(6%70.71),

The essential micronutrient (Cl) can be found
in almost biological systems as a consequence of
high solubility of its salts in water towards various
maintaining functions®’? such as catalytic protein or
enzyme activator in plant or animal, controlling carbon
dioxide concentration in cell, oxygen role in photosystem
I or redox processes, energy production and consuming,
fungicide treatment, and anion : cation balance.

Bio- data showed that chloride ion have a noticeable
cell membrane crossing of different bio-systems and this
transportation can be done in cooperation with necessary
cations and/or anions. This collaboration produces
nitrogen fixation, photosynthesis of organic or inorganic
nitrogen compounds towards effective regulation or
accumulation between acidic and basic compounds or
ions depending on required and/or produced energy for
each process. These cooperative processes raise some
important bio-functions like plant growth and production
of active components or macromolecules for example in
plant tissues7%71.73):

In conclusion, all the mentioned activities of active
components may be performed in the target bio-system
or its production. So, these organic/inorganic active
ingredients varied in their concentrations, extraction
method, contributions with other ingredients, and
applications. Their roles under question mainly based
on structure, medium, and target. For example, chloride
plays major role in cell expansion accompanied by other
ions and organic molecules. Also, biological activity
of any ingredient can be performed through enzyme
catalysis that needs specific anion assistance. So, miswak
have different active organic and inorganic compounds
work together to achieve the biological actions.

Partitioning of the important chemical
components in miswak(4: Mohamed et al. (2018)
was able to separate the active chemical compounds
of miswak by cutting 1.1 kg of miswak roots to small
pieces and treated them with alcoholic solvent (75%
ethanol) by cold socking. After filtration step, the filtrate
was concentrated under reduced pressure to obtain
brown residue. To the dried extracts, 200 mL distil water
and 400 mL petroleum ether was added. The upper layer
(petroleum ether) was introduced into silica gel column



and n-Hexane-Ethyl acetate was used to elute the two
compounds. Fractionation of compounds was carried out
using 5% and 7% acetonitrile in water (H,0:CH;CN).
Compound (3) was eluted by 5% and compound (4)
eluted by 7%. The aqueous layer was treated with 150
mL 0.2N HCI and 300ml chloroform and shaken for 16
hrs. The chloroform layer was subjected to silica gel
column and CHCl;-MeOH was used as elution agent.
1% MeOH was used to elute compound (2) and 15%
MeOH is suitable to elute compound (1).

Ammonium hydroxide was added to the aqueous
layer until pH reach 11, then 400 mL of chloroform was
added and mixed well.

Alkaloid Rich Fraction can be obtained by
chloroform evaporation. After this fraction was subjected
to column of silica gel, 78% MeOH in H,O can elute
compound (5), while compound (6) can be obtained by
direct crystallization

From 1.1 kg of miswak roots, the above partition
process can produce the following amounts:

8 mg sulphur-containing imidazoline alkaloid
(persicaline) compound (4).

13mg  Benzyl-thiocarbamicacid-O-ethyl  ester
compound (3).

30 mg  hexadecanoic acid  benzylamide
compound(1).

18 mg benzyl isothiocyanate compound(2).
21 mg N-benzyl-2-phenylacet- amide compound(5)
7 mg Benzylurea compound(6)

Literature review of the method of obtaining
miswak extract: The collected roots were washed,
dried, and grinded to small size, followed by treating
with 50% (v/v) ethanol in distill water by mixing the
ratio of 1:10 root/solvent in dark space at 25C° for 24
hr, then filter paper (Whatman No. 1442) used to filter
the solution twice. The liquid concentrated by vacuum
rotary evaporator at high temp, to get a dark brownish
miswak extract(’),

Collected miswak were dried at the shade and then
powdered by grinder to fine particles. Using soxhlet
extractor, the powder was treated with different solvents
such as methanol, ethanol and the mixture of both
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solvents. After drying step, the extracts were weighed in
DMSO for antibacterial activity purpose(®).

Miswak were cutted into small pieces after washing
step by distil water and kept 14 days at room temp. to
be full dry. 100 g of dried miswak powder were mixed
with either 1L of 95% methanol (as alcoholic solvent) or
1L distil water (as aqueous solvent). Filtration step were
carried out using Whatman filter paper no, 1 and then
the filtrates were concentrated using vacuum evaporator
at 60 °C (for both water and alcoholic solvent). The
extracts stored under -20 °C for the later use’”.

By tap water, roots of miswak were washed and then
(300-400) g in 1500 mL 80% ethanol were dissolved for
0.5 hr. at 80 °C. The filtration step was carried out using
cotton wool. To be sure for complete extraction, the
residue was dissolved again in 1 L of the same solvent
for 5 min. using water bath at boiling point degree and
kept overnight to be filtered again by a cotton wool. Both
filterates (step 1 and 2) were mixed and concentrated by
rotary evaporator at 40 °C. The produced extracts were
stored at -80°C7®),

After drying the miswak plants for 10 days at room
temperature, they were cutted by Omni mixer to small
parts. 20 grams of the dried powder were mixed with
100 mL of deionized water and kept to soak at 4°C for 24
hrs. and then centrifuged at low temperature (4°C) and
then filter the supernatants by very small pore membrane
(0.45 pm) membrane. finally, freezedried was carried
out to get dry miswak.

Saleh et al. used different types of solvents such as
acetone, ethanol, methanol (all were 80 percent in water)
in addition to distilled water where percent of miswak to
solvent was (1:10, wt/v). After filtration step, the extracts
were concentrated by vacuum evaporator(7?,

Chevalier (2003) use modified procedure to obtain
miswak extracts. After cutting the sticks of miswak to
small pieces, food blender was used to ground the pieces
to powder. Sterile hot distilled water was added to
miswak powder with 1:10, wt/v (miswak:water) and left
to sock at 37°C for 48 hrs. then the mixture was filtered
by 0.45 pum pore filter paper. Drying of the extracts was
established by incubation system at 37°C. The final
extracts were stored at sterilized vials in refrigerator
system®0),

Firas et al. used soxhlet extractor to recover
Salvadora persica L. by methanol solvent for 10 hrs.
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The experiment still continued until the solvent became
colorless. Rotary vacuum evaporator was used at 40 °C
to concentrate the extracts and kept store until use®".

Darmani et al. mixed 1.5:10 w/v of miswak powder:
sterile water for 48 hrs. at 4°C after drying the fresh
sticks at room temperature for 2 days, (miswak powder
was obtained using ball mill). The treated material was
centrifuged and filtered by 0.45 um pore filter paper®?.

Miswak as potent dental materials: The
Salvadora persica (the scientific name for Miswa)”
has great beneficial effects on the oral cavity, like the
silica and sodium bicarbonate which are constituents
of miswaq,work as abrasive materials, reduce the tooth
stains and improve its whiteness®?).

Plaque and gingivitis usually reduce in Miswak
users due to the “Tannic Acid” which is an astringing
material 8435,

Other constituents can protect the tooth enamel
by a layer of resin, while alkaloid has a bacteriocidal
effect®®47) supported by sulfur present in Salvadora
persica®®.

Calculus formation usually inhibited by high
concentration of chlorine®”).

Inhibition of demineralization and promotion
of remineralization is achieved due to the calcium
saturation of saliva of Miswak users®?.

Benzylisothiocyanate (BITC), one of the S. Persica
root showed a virucidal activity specially against herpes
simplex, also it can inhibit the growth of Streptococcus
mutans, as many reports support its fungistatic action
against Candida albicans®*°'%?).

Depending on significant effects of Miswak extracts
against the oral cavity pathogens, it is recommended to
use Miswak as a dental hygiene method to prevent tooth
caries.

High concentrations of Miswak  extract
works as good as chemical oral disinfectant (e.g.
Triclosan and chlorhexidine) showing antibacterial
actions(*89-9091.9293.94) — Also  Alcoholic and aqueous
extract of S. persica showed anticandidal activity®*%%).

Different  investigations showed  significant
inhibition of the growth of different oral pathogens like
Candida albicans and actinomyces naeslundii®".

Himawan H. etal. observed that Miswakis more
potent than ordinary toothpaste in its ability to reduce
the amount of plaque accumulation in fixed orthodontic.
Two groups (20 patients for each group) were examined,
95% reduction in the plaque score was recorded when
Miswak is used, against 65% reduction in the ordinary
toothpaste®®).

Almas K. studied the effect of miswak and
Chlorahexidine Gluconate (CHX) on the removal
efficiency of smear layer. He recorded that miswak was
more potent than CHX to remove the layer. He also
observed that dentinal tubules were more opened in both
etched (periodontal and healthy dentin)®?).

Organic acids are produced due to the fermentation
of sucrose which is metabolized by biofilm bacteria
resulting in decrease the plaque pH which causes dental
caries according to Stephan curve. Lower pH can
demineralize the enamel and cause caries. Because of
strong taste of miswak, rinsing with its extract increases
salivary flow and secretion from parotid gland which
leads to raise the pH plaque after half hr. and prevents
dental caries®®.

Mixture of miswak (3.5%) and monofluorophosphate
(0.8 %) enhance significantly the plaque reduction and
improve the gingival index®%109)

Conclusion

Miswak (as chewing sticks) is one of the most
popular important herbs used for good dental health due
to its active chemical components which are considered
the main keys of the potent bioactive properties that
relate to its therapeutic characteristics. Miswak is
considered (by World Health Organization/WHO) as
a safe tool for healthy tooth. Anti-plaque properties
of miswak is very significant to prevent dental caries.
Antioxidant, antiphlog- istic, anticarcinogenic, antifun-
gal, antimicrobial, antibacterial, antimycotic, and
anticandidal behaviors of miswak represent the real
reasons of its therapeutic characteristics for oral tooth
health.
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