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A b s t r a c t  
S. persica is a multipurpose tree with immense ethno-ecological importance and is commonly used for 
varied medicinal purposes. It is one of the identified plants from among the seventeen plants families 
that are cited in the Holy Quran. The plant is used as a source of food, fodder, lipids, gum and resins. 
In addition, it is also valued for rearing honey bees. Its roots are regularly used as tooth brush 
throughout the country. Besides these the plant is also grown to provide shelter-belts and windbreakes 
for agriculture crops. It is distributed throughout the arid and semi-arid ecosystem of world and helps in 
reclamation of sand dune habitats and saline soils in arid ecosystems. However, its population suffers 
from serious environmental problems such as deforestation, soil degradation, loss of biodiversity and 
unsustainable livelihoods. S. persica has high medicinal, economic and ecological values in arid and 
semiarid ecosystem. Nevertheless, its conservation status is highly threatened and detailed ecological 
study of S. persica is suggested to conserve its remaining population. 
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Introduction 
The genus Salvadora belongs to family ‘salvadoraeceae’. It 
comprises three genera (i.e. Azima, Dobera and Salvadora) and 10 
species distributed mainly in the tropical and subtropical region of 
Africa and Asia [1]. In Indian subcontinent this family is represented 
by only one genus with two species viz. S. persica and S. oleoides 
[2-4]. Recently, a new species Salvadora alii has been described 
from Sindh, Pakistan [5]. S. persica is a popular chewing stick 
commonly known as ‘miswak’ and is one of the most popular 
medicinal plants throughout the Indian subcontinent, as well as the 
wider Muslim world [6-11].  Salvadora persica has antiurolithiatic 
properties. It is used for centuries as a natural toothbrush; its 
fibrous branches have been promoted by the World Health 
Organization for oral hygiene.  The plant has been used for the 
preparation of a number of medicinally important products such as 
abrasives, antiseptics, astringent, detergents, enzyme inhibitors 
and fluorides [12]. 
S. persica (Miswak) is used traditionally in the treatment of 
rheumatism, leprosy, gonorrhoea, ulcers, scurvy, tumours and 
dental diseases [13,14]. It possesses a number of  potential 
medicinal compounds viz. Salvadoricine, salvadourea, trimethyl 
amine, β-sotisterol, di-benzyl thiourea, rutin, thioglucoside, 
chlorine, potash, sulphur etc [15,16]. Besides its medicinal 
potentialities, it is also suitable in agroforestry systems as a wind 
break and helps in land reclamation [17,18]. The ripe fruits of this 
tree are sweet and edible (locally called as Piloo) and consumed 

by rural/tribal population. The seeds of Salvadora yield a pale 
yellow solid fat, rich in lauric and myristic acid content which is 
used in making soaps, illuminants, varnishes, paints as well as in 
food industry. It is recognized as nonconventional oil seed tree 
crop. 
The tree coppices fairly well and branches are cut repeatedly to 
produce short stems that are harvested for toothbrushes [19]. It 
regenerates freely by root suckers and natural layering. It is, 
although very slow growing, however, a dense growth is often 
formed around the parent plant by root suckers and some natural 
seedlings. The plant provides a dense shade. It is often lopped for 
camel and goat fodder.  
It is grown in plantations or hedges. The seed has high genetic 
variability [20], mainly because; its cultivation is restricted to dry 
and saline areas of some countries. Cultivated seedlings and trees 
must be protected from browsing by animals [21].  
The taxonomic position of Salvadora persica is as follows: 
Binomial name:  Salvadora persica 
Kingdom:   Plantae 
Division:   Magnoliophyta 
Class:   Magnoliopsida 
Order:   Brassicales 
Family:   Salvadoraceae 
Genus:   Salvadora 
Species:   persica 
The plant is named in different languages as below: 
English:  Salt Bush tree, Tooth Brush tree 
Hindi:   Pilu, Jhak, meswak  
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Malayalam:  Uka, Ukamaram  
Unani:  Miswaak, Araak. 
Marathi:  Khakan, Pilu  
Tamil:  Uka  
Telugu:  Gunnangi  
Kannada:   Gonimara  
Sanskrit:  Gudaphala, Lakhupeelu, Pilukaa 

Botanical description 

S. persica is a slow growing, evergreen perennial halophyte 
capable of growing under extreme conditions, from very dry 
environments to highly saline soils [22]. It is a shrub or a small tree 
which grows up to 10 meters in height and a girth of 3 feet. Main 
trunk is erect or trailing, more than one foot in diameter, with 
profusely branched, wide crown of crooked, straggling and 
drooping branches. Young branches are green in colour. Bark is 
slightly rough, grayish brown on main stem, paler elsewhere. 
Leaves are opposite, entire, succulent, petiolated, fleshy, oblong 
elliptic to almost circular, 3x7cm, light to dark green, with 5-6 pairs 
of main nerves. New leaves are produced during April, which on 
maturity become thick and leathery. Leaves shed from late 
December to January. Flowers are small, greenish yellow in 
axillary and terminal panicles, sessile or sub-sessile, bisexual and 
tetramerous. Small greenish-white flowers are produced in January 
to April. The fruit is yellow and ripens in the months of May and 
June. Mature fruits are spherical or globose drupe with persistent 
calyx, smooth, fleshy, 5-10 mm in diameter, pink to scarlet and 
single seeded. Seeds turn from pink to purple-red and are semi-
transparent when mature [23,24]. Seeds are dispersed by birds, 
animals and man after they eat the fruit. Furthermore, S. species 
are deep rooted mesomorphic xerophytes as well as facultative 
halophytes with high salt tolerance [3, 25-27]. 

Ecology and distribution 

S. persica is an evergreen tree found at an altitude of 1800 meters. 
It is widespread in arid regions, on saline lands and in coastal 
regions, thorn shrubs, desert flood plains, and grassy savannahs 
[28,29]. It prefers areas such as riverbanks, on perimeters of 
waterholes, along drainage lines in arid zones and in seasonally 
wet sites where ground water level is high indicating its tolerance to 
a wide range of water, soil and soil pH conditions and that is 
probably the main reason for its widespread nativity [30,31]. The 
plant is also found in valleys, on dunes and on termite mounds. 
Annual rainfall requirement is 300-1000 mm. The tree is able to 
tolerate a very dry environment with mean annual rainfall of less 
than 200 mm.  It prefers clays but also found on loam, black soils 
and sand. It is adapted to alkaline or very saline soils, usually clay-
rich, and soils without salt. 
S. persica showed some variations in its distributional behaviour in 
different countries, which may be attributed to changes in water 
resources, climatic factors, edaphic variables and anthropogenic 
pressures along the elevation gradient [32]. It is native to Algeria, 
Egypt, India, Nigeria, Pakistan, Saudi Arabia, Sri Lanka, Uganda 

and Zimbabwe. In India it is distributed in arid and semi-arid 
regions of Rajasthan, Gujarat, to some extent in Punjab, Haryana, 
Karnataka, Andhra Pradesh and Tamil Nadu [29]. 

Phytochemistry 

S. persica is known to contain several biologically active chemical 
constituents such as volatile oils, flavonoids, alkaloids, steroids, 
terpenoids, saponins, and carbohydrates [33-35]. Almost every part 
of the plant has pharmaceutically important ingredients. The 
leaves, roots and stem bark contain an alkaloid trimetylamine. The 
seed is rich in oil and contains lauric, myristic and palmitic acids. Its 
oil has high potential for making soaps, candles and to be used as 
a substitute for coconut oil [19]. The root contains elemental 
gammamonoclinic sulphur, benzyl glucosinolate, salvadourea (a 
urea derivative), m-anisic acid and sitosterol [36]. Benzyl 
isothiocyanate which is isolated from the root, exhibits antiviral 
activity against Herpes simplex virus-1 which affects oral region.  
According to chemical and phytochemical analysis of S. persica, its 
stem yielded octacosanol, 1-triacantanol, β-sitosterol, and β-
sitosterol-3-O-β-d-glucopyranoside [37]. On examination by thin 
layer chromatography, it was found to be a mixture of 2 
compounds, which were separated by column chromatography. 
The first compound (Compound A) had a melting point 136-138ºC, 
m/z = 414 (mass) and molecular formula C29H50O. It gave positive 
Salkowski, Liebermann, Burchard reaction, Noller reaction, 
Brieskron, Tschagajew, and yellow color with tetranitro methane 
[38-40]. Peaks in the infrared spectrum at Vmax

KBr 3500, 1450, 
1470, and 1145cm-1 showed its identity as compound β-sitosterol 
in white needle form (Figure 1). The second compound (Compound 
B) was found to be the white crystalline compound, with the 
molecular formula C35H60O6, m.p. 265-268ºC, gave positive test for 
saponin and on hydrolysis yielded β-sitosterol and sugar glucose 
and hence  identified  as β-sitosterol-3-O-β-d-glucopyransoside. 
Essential oil contained α and β-thujones, camphor, cineole, β-
cymene, limonene, β-myrcene, borneol, linalool, and bornyl 
acetate and nonvolatile fraction contained humulene, 
caryophyllene, β-santatol, and farnesol [41]. 
                                                                   

 
Structure of β-sitosterol 
 
Benzylamide were also isolated. The isolated compounds were 
identified as butanediamide, N1, N4-bis (phenylmethyl)-2(S)-
hydroxy-butanediamine (1), N-benzyl-benzamide (2), N-benzyl-2-
phenylacetamide (3), and benzyl urea (4). N-benzyl-2-
phenylacetamide revealed a significant inhibitory effect on human 
collagen-induced platelet aggregation, and a moderate 
antibacterial activity against Escherichia coli [42,43]. 
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Propagation and management 

S. persica germinates readily from seeds and also coppices well. 
Seeds exhibit no dormancy but the fruit pulp contains germination 
inhibitors that should be removed before sowing. The process of 
seed germination starts with imbibition in water at 30-35ºC for 24-
72 hours, but under saline conditions the absorption of water is 
dependent upon osmotic pressure of the media and cell sap. 
Soaked, depulped seeds of S. persica germinate in 24 hours. 
Seeds are raised in the nursery for up to 3 years prior to 
transplanting in the field [44]. 
Seed viability is only about 30 percent [12,45,46] as oil-rich seeds 
of S. persica cannot be stored for longer periods. Besides, the 
seeds are infested with insects and pathogens. Since S. persica is 
a cross-pollinated species, the seeds do not produce true to the 
mother plant. Clonal fidelity of plants selected for particular 
character cannot be maintained if propagated through seed as 
segregation of characters occurs in seed-raised progenies. Seed-
raised plants exhibit wide variations in (i) plant type and size (ii) 
colour, taste, size and sugar content of fruits, and (iii) seed oil 
content. 

Achievements in S. persica through tissue culture 

Micropropagation refers to in vitro propagation of plants in an 
aseptic, controlled and artificial environment which includes axillary 
budding, induction of adventitious buds and somatic 
embryogenesis. This technique in fact is the outcome of work of 
Haberlandt (1902) [47] and is a better alternative to the 
conventional method of vegetative propagation for raising of elite 
species, with conservation of space and time [48,49]. This 
technique offers a rapid means of multiplying woody biomass, and 
conservation of elite and rare germ plasm [50-52]. The efficient 
regeneration of plants from cell, tissue, and organ culture is 
recognized as prerequisite for application of modern genetic and 
biotechnological approaches to crop improvement [53-54]. Several 
workers have recognized that the two patterns of in vitro 
differentiation i.e organogenesis and somatic embryogenesis are 
distinctly different process [53-55] and several reports have been 
published on regeneration of S. persica through organogenesis in 
recent years (Table 3).  
Tissue culture as a method of propagation of S. persica was 
reported using juvenile cotyledonary node [12]. Cotyledonary 
nodes excised from 15-20 days old seedlings germinated in vitro 
served as explant. Cotyledonary nodes were cultured on MS 
medium supplemented with different concentrations of cytokinins 
and auxins. Maximum shoot proliferation from single explant was 
obtained on MS medium incorporated with BAP (4.0 mgl-1), IAA 
(0.5 mgl-1), adenine sulphate (40 mgl-1), glutamine (100 mgl-1) and 
thiamine HCl (10 mgl-1).  In vitro produced shoots were induced to 
root on half strength MS medium supplemented with a range of IBA 
concentrations (0.5-5.0 mgl-1). The highest frequency of root 
proliferation was on half strength MS medium supplemented with 
3.0 mgl-1 IBA. The regenerates were transferred to field conditions 
after acclimatization with a success rate of 60 %. 

A rapid clonal propagation system has been developed for S. 
persica through apical meristem [45]. The explants were taken 
from two-year-old plants. Shoot tips were inoculated on MS 
medium fortified with 4.0 mgl-1 BAP + 4.0 mgl-1 Kn along with 
activated charcoal (0.3 %). The shoot tips grew fast within 7 days 
alongwith well developed roots on the same medium. Thus 
complete regeneration of S. persica plants could be achieved in a 
single step. 
Nodal segments of fresh shoot sprouts originated from axillary 
buds obtained from a mature tree (around 35-40 years old) have 
also been used as explants for establishment of in vitro cultures 
[56]. Surface-sterilized explants produced optimum number of 
shoots through activation of axillary buds on Murashige and 
Skoog’s (MS) medium containing 2.0 mgl-1 BAP, additives (25 mgl-
1 each of adenine sulphate, arginine, citric acid and 50 mgl-1 
ascorbic acid). The shoot multiplication has been observed to be 
influenced by the successive transfer of the mother explants for 4-5 
passages. The maximum numbers of shoots have been obtained 
on MS supplemented with 0.25 mgl-1 BAP + 0.25 mgl-1 Kn + 0.1 
mgl-1 NAA. About 90 % shoots pulse-treated with a combination of 
500 mgl-1 IBA + 100 mgl-1 NOA (2-naphthoxy acetic acid) were 
rooted ex vitro on soil rite within 15-18 days [56]. Over 80 % cloned 
plantlets were hardened successfully in a green house.  

Tree management 

For high seed settings and seed oil content, harvesting is 
recommended 3 months after seed setting. This may be due to the 
utilization of food reserve in the cotyledons for the development of 
fruit pulp.  

Germplasm management 

There are about 3400 seeds/kg. Its seeds are orthodox; therefore 
seeds may be stored with low moisture content.  

Functional uses 

Food: Fruits have a sweet, aromatic, slightly pungent and peppery 
taste. They can be eaten raw, cooked, or dried and stored. Fruit 
with or without seeds is said to contain 1.7-1.8 % sugars when ripe. 
Fermented drinks are also made from the fruit. The leaf is 
somewhat bitter and aromatic, with mustard like taste. The leaves 
are also cooked as a sauce and eaten as a green vegetable. 
Tender shoots, seeds and seed oil are also edible. Edible salts are 
obtained from ashes. 
Fodder: Leaves and young shoots are browsed by all kinds of 
livestock, but normally cattle do not occur in the driest part of the S. 
persica distribution range and hence it tends to be valued more as 
a camel, sheep and goat forage. Leaves are fleshy and make good 
fodder as their water content is high (15-36 %) and are rich in 
minerals [44]. The high salt content of the leaves is said to affect 
the taste of milk, but the leaves are said to increase lactation in 
cows. 
Toothbrushes: Young stems of 3-5 mm are used as toothbrushes. 
A toothstick is also said to relieve toothache and gum disease, and 
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the leaves are used as a mouthwash and for tooth and gum 
problems. The bark is said to contain an antibiotic which suppress 
growth of bacteria and the formation of plaque in the mouth [57]. 
Apiculture: S. persica is reported as a good source of nectar. 
 Fuel: The wood is sometimes used for firewood and charcoal. 
However, it is not used for cooking meat, as it leaves a foul taste. 
Timber: The wood is soft, white, and easy to work and is not liable 
to termite attack. It is used for coffins and clubs.  
Gum or resin: Resin that drips from the tree is useful for making 
varnish.  
Lipids: Seeds of S. persica contain 30-40 % of greenish-yellow, 
non-edible oil that has over 50 % lauric and myristic acids. It has a 
high melting point and a disagreeable odour that disappears on 
purification. The most important aspect of the oil is the presence of 
a low percentage of C8 and C10 fatty acids that are of great 
economic significance. The oil is an alternative source of oil for 
soap and detergent industries.  
Medicine: S. persica is harvested as wild rather than cultivated and 
about 80 % world population use it as natural remedy for the 
treatment of different diseases such as asthma, bronchitis, cough, 
scurvy, constipation, worm infestation, hemorrhoid and poisons 
[6,58-60]. Plant has anti-inflammatory, hypoglycaemic, and 
antibacterial properties. The fruit are aphrodisiac, carminative, and 
emollient, purgative and cures urinary and biliary calculi and 
arthritis. Leaf decoction is used for cough and asthma, poultice is 
used in painful piles and tumours; and juice is used in scurvy. 
Flowers are stimulant, laxative, and applied in painful rheumatic 
conditions. They are useful in gastric problems, constipation, 
oligospermia and sexual weakness. Tender twigs are used as 
toothbrush. Seeds are used as a tonic, diuretic, purgative and seed 
oil applied locally on rheumatic swellings and in chronic arthritis. A 
decoction of the root is used to treat gonorrhoea, general body 
pain, back pain, spleen trouble, chest congestion and stomach-
aches. The roots are prepared as a salve and rubbed on the face 
for headaches. Roots are also used for chest diseases or pounded 
and used as a poultice to heal boils. The bark is scratched and the 
latex used for treating sores.  
Other products: Crusted leaves placed in cow urine together with 
leaves of Pergularia tomentosa are used to clear hair from tanned 
hides, allowing the hair to be removed with a knife. Roots contain 
salvadourea, a urea derivative. 
Services: Besides medicinal claims, Salvadora persica is planted 
as shelter belts and serve as windbreaker to protect farm 
habitation, gardens and orchards and a source of dune sand 
reclamation as well as saline soils reclamation [61-66]. 

Pests and diseases 
When S. persica occurs on river terraces, it is a preferred host of 
Cistanche tubulosa, an obligate phanerogamic root parasite. 
Defoliating larvae of several beetles attack the tree, and leaves are 
often attacked by the Lepidopteran colotisephiae. The mite 
Eriophyes causes leaf gall. A number of fungi such as Cercospora 
udaipurensis, Placosoma salvadorae and Sephogloeum 
salvadorae damage the leaves. 

Pharmacological actions and medicinal uses  

Biological activity of S. persica has been reported from the crude 
extracts and their different fractions from leaf, stem, root bark, seed 
and oil. Crude extracts of different parts of S. persica have been 
used as traditional medicine for the treatment of various diseases. 
The leaves, root bark, fruits and seeds are used for the treatment 
of cough, fever, asthma and as purgative. Roots are also used for 
chest diseases while, latex used for treating sores [67-68]. The 
young roots, stems and branches are used as toothbrush [18]. The 
plant holds strong antiulcer [69], antifungal [70,71], anti-parasitic, 
antiviral [72] and antibacterial properties [73]. It is also utilized in 
most of the dental treatments and cleansers [74,75]. The young 
branches and leaves are also favorite fodder for camels because of 
the high water content (15-36 %). Oil from seed is used in 
rheumatic pain, diabetes and spleen and stomach disorders. The 
fruits are sweet and peppery in taste with pungent smell and eaten 
when ripe for medicinal purposes. The oil extracted from the seeds 
is pale green in color and not meant for edible purposes. The oil 
has a low percentage of C8 and C10 fatty acids and holds great 
economic significance [76]. S. persica appears to be a potentially 
valuable oilseed crop for saline and alkali soils, since the seeds 
contain 30-40 % of oil rich in lauric (C12) and myrestic (C14) acids 
used in soap, detergent, candles and cosmetic industry [77]. 
Likewise, seeds of S. oleoides contain 40-45% oil, and fruits are 
also found to be rich sources of calcium [78]. In view of their 
multiple uses, both species of Salvadora are included in restoration 
programs of many developing countries in Africa and Asia [27,79]. 
The medicinal uses of different plant parts of S. persica are shown 
in Table 1. 

 Antibacterial activity 

S. persica contains substances that possess plaque inhibiting and 
antibacterial properties against several types of cariogenic 
bacteria, which are frequently found in the oral cavity. The growth 
and acid production of these bacteria is thus inhibited. A 
comparison of alcohol and aqueous extract of miswak was also 
made. It was found that alcoholic extract is more effective than 
aqueous extract for antibacterial activity. In another study, miswak 
pieces were standardized by size and weight and tested against 
Streptococcus mutans, Lactobacillus acidophilus, Aggregatibacter 
actinomycetemcomitans, Porphyromonas gingivalis, and 
Haemophilus influenzae. Several reports suggest that the strong 
antibacterial effect against all bacteria tested is due to the 
presence of a volatile active antibacterial compounds [70-73].  
The effects of the extracts of S. persica and derum were examined 
on the proliferation of Balb/C 3T3 of fibroblast and viability of 
carcinogenic bacteria. For this, aqueous extracts of miswak and 
derum were prepared and their effects investigated on the growth 
of Balb/C 3T3 mouse fibroblast by measuring the mitochondrial 
dehydrogenase activity. Also the effect on the viability of various 
cariogenic bacteria was also determined. From the results 
obtained, it has been concluded that miswak and derum have 
adverse effects on the growth of cariogenic microorganisms, with 
derum as more active than miswak [75].  

Antiulcer activity 
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Salvadora persica possessed significant protective action against 
ethanol and stress-induced ulcers. This study was designed to 
confirm the antiulcer activity of S. persica decoction using optical 
microscopy. The elements of gastric mucosa tended to be re-
established normally in tested rats [69]. 

 Anticonvulsant activity 

The effect of S. persica as an anticonvulsant was identified by 
using stem extracts. The stem extracts show the potentiation of 
sodium pentobarbital activity and on generalized tonic-clonic 
seizure produced by pentylentertazol (PTZ) on the rat. The extracts 
of S. persica extended sleeping-time and decreased induction-time 
induced by sodium pentobarbital; in addition it showed protection 
against PTZ-induced convulsion by increasing the latency period 
and diminishing the death rate [59]. 

 Antifertility activity 

Miswak extract did not have much effect on female mouse fertility, 
although it caused a significant decrease in the relative weights of 
the ovary and an increase in the uterine weights. Exposure of male 
mice to miswak resulted in a 72 % reduction in pregnancies in 
untreated females impregnated by test males. The relative weights 
of the testes and preputial glands were significantly increased and 
that of the seminal vesicles was significantly decreased in test 
males. The results indicate that miswak has adverse effects on 
male and female reproduction systems and fertility [80]. 

 Antimycotic activity 

Aqueous extracts of miswak can be used to reduce the growth of 
Candida albicans, the causal agent of opportunistic oral infections 
in humans. Such inhibition lasts for up to 36 hrs at concentrations 
of 15 % and above [72].  

 Analgesic effect 

Miswak shows analgesic effect and results in decoction when 
injected into mice [73]. Miswak has been found to be more effective 
against thermal stimuli than against chemical stimuli and also acts 
as an analgesic [81-84]. 

 Cytotoxicity 

S. persica showed cytotoxic potential on gingival and other 
periodontal structures [85]. No cytotoxic effect has been shown by 
a freshly cut and freshly used miswak. However, the same plant 
used after 24 hrs does contain harmful components. Based on 
these findings it is recommended that the used portion of the 
miswak should be cut after it has been used for one day [86-89].  

Hypolipidemic activity 

The stems of S. persica are widely used as tooth cleaning sticks in 
Arabic countries and decoctions show hypocholesterolemic 
properties. The effects of prolonged administration of a lyophilized 

stem decoction of S. persica were evaluated in diet induced rat 
hypercholesterolemic. The preparation was administered for 15 
and 30 days and cholesterol, HDL, LDL, and triglycerides plasma 
levels were assayed. The results showed that the S. persica 
decoction significantly lowered cholesterol and LDL plasma levels 
in the rats, proving to be more active at 30 days of treatment. It has 
been observed that S. persica decoction is inactive at 18 hrs after 
treatment, whereas at 27 hrs it is able to reduce cholesterol and 
LDL plasma levels; in all the experiments HDL and triglycerides 
were unchanged [90]. The chemical constituents of different plant 
parts of S. persica with their biological activity are shown in Table 
2. 

Release of calcium and chloride into saliva 

Miswak showed immediate and medium-term effect on the 
composition of mixed saliva [91]. They reported that miswak 
produced significant increases in calcium (22-fold) and chloride (6-
fold), and significant decreases in phosphate and pH, saturation of 
saliva with calcium inhibits demineralization and promotes 
demineralization of tooth enamel, whereas high concentration of 
chloride inhibits calculus formation [92]. 

Religious prescriptions 

In addition to strengthening the gums, preventing tooth decay and 
eliminating toothaches, the ‘miswak’ is also said to halt further 
increase in decay that has already set in. Furthermore, it is said to 
create a fragrance in the mouth, eliminate bad breath, improve the 
sense of taste and cause the teeth to glow and shine. In addition, 
benefits not related to the teeth and gums include sharpening 
memory, curing headaches, creating a glow on the face of the one 
who continually uses it, strengthening the eyesight, assisting in 
digestion and clearing the voice. 

Conclusion and future prospects 

S. persica has been a good alternative to the toothbrush in Rural 
India, since it is inexpensive, and readily available. It has many 
medicinal properties, and is a traditional practice so common in 
large percentage of our population. Thus it can be recommended 
as an important and effective tool for oral hygiene. S. persica has 
strong antiulcer, antifungal, anti-parasitic, antiviral and antibacterial 
properties. Although crude extracts from various parts of S. persica 
have been shown to have medicinal applications from time 
immemorial, modern drugs can be developed after extensive 
investigation on modern scientific lines of its bioactivity, mechanism 
of action, pharmacotherapeutics, toxicity and after proper 
standardization and clinical trials. Several therapeutically and 
industrially useful preparations and compounds have also been 
marketed recently, which has generated enough encouragement 
among the scientists in exploring more information about this 
medicinal plant. 
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Table 1. Medicinal uses of different plant parts of S. persica. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Plant part  Medicinal  properties References 

 

Stem bark 

 

Tender twigs are used as toothbrush. It suppresses bacterial growth and the formation of 

plaque. The tooth stick is also said to relieve toothache and gum disease. 

 

[8,13] 

Root bark It is used to treat gonorrhoea, general body pain, back pain, spleen trouble, headaches 

and stomach-aches. Roots are also used for chest diseases while, latex used for treating 

sores. 

[67,68] 

Leaves Leaves are fleshy and make good fodder and increase lactation in cows. Leaves are also 

used for treating cough and asthma, in painful piles, tumors and in scurvy. 

[8,19,44] 

Fruits The fruits are sweet and peppery in taste with pungent smell and eaten when ripe for 

medicinal purposes. The fruit are aphrodisiac, carminative, and emollient, purgative and 

cures urinary and biliary calculi and arthritis. 

[19,39,70,76] 

Seeds Oil from seed is used in rheumatic pain, diabetes, spleen and stomach disorders. [24,76,77] 

Flowers They are useful in gastric problems, constipation, oligospermia and sexual weakness. [67,68]   
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Table 2. Chemical constituents of different plant parts of S. persica with their biological activity. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plant part Chemical constituents Biological activity References 
 
Leaves 

 
Trimethylamine 

 
Diuretic, Analgesic, Anthelmintic, Antibacterial, Antifertility 

 
[19,74,84] 

Stem 
 
 
 

Octacosanol, Triacantanol, β-Sitosterol, 
Glucopyranoside, Trimethylamine 
 
 

Hypocholesterolemic properties, Anticonvulsant, Antibacterial, 
Antimycotic, Analgesic, Antifertility, Antiulcer, Sedeative 

[59,69,80,89] 

Roots 
 
 
 
 

Gammamonoclinic sulphur, Benzyl 
glucosinolate, Salvadourea (a urea derivative), 
m-Anisic acid, Sitosterol, Benzyl isothiocyanate, 
Trimethylamine 

Antiviral, Antibacterial, Antimycotic, Antifungal, Anti-parasitic  
 
 
 

[36,71-73] 

Flowers β-Sitosterol;  Glucopyranoside Stimulant, Laxative, and applied in painful rheumatic conditions [19,43] 

Fruits N1,N4-bis(phenylmethyl)-2(S)-hydroxy-
butanediamine, N-benzyl-2-phenylacetamide 

Deobstruent, Carminative, Diuretic, Emollient, Purgative, Lithontriptic 
and Stomachic properties 

[19,70,92] 
 
  

Seeds 
 
 
 

Lauric acid, Myristic and Palmitic acids Purgative, Diuretic and Tonic [58-60,73]  

Oil Thujones, Camphor, β-Cymene, Limonene, β-
Myrcene, Borneol, Linalool, Bornyl acetate, 
Caryophyllene   

Chronic arthritis, Rheumatic swellings [24,76] 
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Table 3. Summary of work done on organogenesis in S. persica. 

 
 

 

 

 

 

 

 

       

 

 

 

 

 

AC - activated charcoal, Ads - adenine sulphate, MS - Murashige and Skoog’s medium, NOA - 2-naphthoxy acetic acid, Glu - Glutamine 

 

 

Explant Mature/ 

juvenile 

Medium + Plant Growth Regulators References 

  Shoot multiplication Rooting  

 

Nodal segment 

 

M 

 

BAP (4.0 mgl-1) + IAA (5.0 mgl-1) 

 

½ MS + IBA (3.0 mgl-1) 

 

[93] 

Cotyledonary Node J BAP (4.0 mgl-1) + IAA (5.0 mgl-1) + Ads (40 mgl-

1) + Glu (100 mgl-1) + Thiamine HCl (10 mgl-1) 

½ MS + IBA (3.0 mgl-1) [12] 

Shoot tip M BAP (4.0 mgl-1) + Kn (4.0 mgl-1) + AC (0.3 %) BA (4.0 mgl-1) + Kn (4.0 mgl-1) + AC (0.3 %) [45] 

Nodal segment M BA (0.25 mgl-1) + Kn (0.25 mgl-1) + NAA (0.1 

mgl-1) 

IBA (500 mgl-1) + NOA (100 mgl-1) [56] 
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A lot needs to be done however, on various biotechnological 
aspects in this plant. Since, harvesting from the wild, preparation of 
drugs leads to loss of genetic diversity, as well as, habitat 
destruction, for which domestic cultivation can be a viable 
alternative and may overcome the problems which are common in 
herbal extracts such as misidentification, genetic and phenotypic 
variability, extract variability and instability, toxic components and 
contaminants. However, the use of controlled environments via cell 
and tissue culture route can overcome cultivation difficulties and 
could be a means to manipulate phenotypic variation in bioactive 
compounds and toxins as controlled growth systems also make it 
feasible to contemplate manipulation of phenotypic variation in the 
concentration of medicinally important compounds present at 
harvest with the aim to increase potency, reduce toxin levels and 
increase uniformity and predictability of extracts. 
Rapid plant multiplication and improvement though 
biotechnological methods are limited for S. persica. There has 
been a significant progress in the use of tissue culture and genetic 

transformation techniques to alter pathways for the biosynthesis of 
target metabolites in different medicinal plants; however, no 
attempt has been made in S. persica in this regard. Direct 
manipulations of DNA sequences to alter gene expression, as well 
as, pathway modification in this species may also be another area 
that is ripe for expansion, the potential target for trait manipulation 
can be the content of active compounds. 
Knowledge of the genetic relationships among different accessions 
is essential for developing appropriate strategies for breeding, 
germplasm management, and utilization of genetic resources. 
Further molecular marker assisted selection offers a great potential 
to improve both agronomic and medicinal traits, as well as, for the 
recognition of desirable genotypes at an early stage. To date, 
however, there has not been a single report on molecular marker 
based approaches for study of genetic diversity or plant 
improvement in S. persica. 
 
 

 

References  
[1].  Mabberley DJ. Mabberley's Plant-

book, a portable dictionary of plants, 
their classifications and uses. 3rd 
Ed, University Press, Cambridge; 
2008. 

[2]. Stewart RR. An Annotated Catalogue 
of the Vascular plants of West 
Pakistan and Kashmir, Fakhri 
Printing Press, Karachi; 1972. 

[3]. Qureshi S. Salvadoraceae. In: Flora 
of West Pakistan. (Eds): Nasir E, Ali 
SI. ABC Book Corporation, 
University of Karachi, Karachi. 1972; 
29: 1-4. 

[4]. Parveen A, Qaiser M. Pollen flora of 
Pakistan-VI Salvadoraceae, Pak J 
Bot 1996; 28: 151-154. 

[5]. Tahir SS, Rajput MT, Korejo F.  A 
new species of Salvadora 
(Salvadoraceae) from Sindh, 
Pakistan, Pak J Bot 2010; 42: 63-66.  

[6]. Sofrata A, Lingstrom P, Baljoon M, 
Gustafsson A. The effect of miswak 
extract on plaque pH: An in vivo 
study, Caries Res 2007; 41(6): 451-
454.  

[7]. Ezmirly ST, Cheng JC, Wilson SR. 
Saudi Arabian Medicinal plants: 

Salvadora persica, Planta Medica 
1978; 35: 191-192. 

[8]. Almas K. The effect of Salvadora 
persica (Miswak) and chlorahexidine 
gluconate on Human Dentin: A SEM 
Study, J Contemporary Dental 
Practice 2002; 3(3): 27-35.  

[9]. Al-Otaibi M, Al-Harthy M, Soder B, 
Gustafsson A, Angmar-Mansson B. 
Comparative effect of chewing sticks 
and toothbrushing on plaque 
removal and gingival health, Oral 
Health Prev Dent  2003; 1: 301-307. 

[10]. Al-Otaibi M, Al-Harthy M, 
Gustafsson A, Johansson A, 
Cleasson R, Angmar-Mansson B. 
Subgingival Plaque microbiota in 
Saudi Arabians after use of miswak 
chewing stick and toothbrush, J Clin 
Periodontol 2004; 31: 1048-1053. 

[11]. Bhandari MM. Flora of Indian desert, 
MPS Reports, Jodhpur; 1995. 

[12]. Mathur S, Shekhawat GS, Batra A. 
Micropropagation of Salvadora 
persica via cotyledonary nodes, 
Indian J Biotechnol 2002a; 1: 197-
200. 

[13]. Almas K, AI-Lafi TR. The natural 
toothbrush, Med Aromat Planl Ab 
1995; 16(2): 206-210. 

[14]. Jindal SK, Bhansali R, Satyavir R. 
Salvadora tree - A potential source 
of non edible oil, In: Proc of All India 
seminar on rabi oil seed crop 
(Jodhpur, CAZRI); 1996 

[15]. Anonymous. The wealth of India - 
Raw materials (New Delhi, CSIR), 
1972; 9: 193-195. 

[16]. Malik S, Ahmed SS, Haider SI,  
Muzaffer A. Salvadoricine - a new 
indole alkaloid from the leaves of 
Salvadora persica, Tetrahedron Lett  
1987; 28: 163-164. 

[17]. Gururaja GR, Nayak 
AK, Chinchmalatpure AR,  Nath A, 
Babu VP. Growth and Yield 
of Salvadora persica, A facultative 
halophyte grown on saline black soil 
(Vertic Haplustept), Arid Land 
Research and Management  2004; 
18(1): 165-168. 

[18]. Bhatia B, Sharma HL. Fuelwood 
production and wasteland 
reclamation, Botanica 2000; 14: 84-
93. 

[19]. Darmani HT, Nusayr AM, AL-
Hiyasat AS. Effects of extracts of 
miswak and derum on proliferation 
of Balb/C 3T3 fibroblasts and 
viability of carcinogenic bacteria, Int 
Dent Hygiene 2006; 4: 62-66. 



Kumar et al. International Journal of Phytomedicine 4 (3) 292-303 [2012] 

 

PAGE | 301 | 

 
 

 

[20]. Peshwae SR. Studies on tissue 
cultures of Salvadora persica L. 
M.Sc. thesis, Pune University, 
Maharashtra; 1987.  

[21]. Booth FEM, Wickens GE. Non-
timber uses of selected arid zone 
trees and shrubs in Africa. FAO 
Conservation Guide. No. 19. Rome. 
Cholistan. Sociedade & Natureza 
Uberlandia, 1988; 19: 55-64. 

[22]. Maggio A, Reddy MP, Joly RJ. Leaf 
gas exchange and solute 
accumulation in the halophyte  
Salvadora persica grown at 
moderate salinity, Environ Exp Bot 
2000; 44: 31-38. 

[23]. Watson L, Dallwitz MJ. The families 
of flowering plants: description, 
illustrations, identification, and 
information retrieval; 1992. p. 14. 

[24]. Panday BP. A text book of botany 
angiosperm, Chand and company 
Ltd. New Delhi, 2004. 

[25]. Hooker JD. Flora of British India. 
(Vol: III) L. Reeve and Co. Ltd. UK, 
1887. 

[26]. Jafri SM. Flora of Karachi. ABC 
Book Corporation, Karachi; 1966. 

[27]. [Khan MA, Qaiser M. Halophytes of 
Pakistan: characteristics, distribution 
and potential economic usages. In: 
Sabkha Ecosystems, West and 
Central Asia. (Eds): Khan MA et al. 
Springer, Netherlands, 2006; 42: 
129-153. 

[28]. Khafagi I, Zakaria A, Dewedar A, El-
Zahdany K. A voyage in the world of 
plants as mentioned in the Holy 
Quran, Inter J Bot 2006; 2: 242-251.  

[29]. [29]  Iyenger ERR, Patolia JS, 
Chikara J. A useful plant for coastal 
saline soils, Wastelands News 1992; 
32: 50-51. 

[30]. Zodape ST, Indusekhar VK. 
Salvadora persica: A boon to 
wasteland development, J Scient 
Indust Res 1997; 56: 657-661. 

[31]. [31]  Al-Samh DA, Al-Nazhan S. In 
vitro study of the cytotoxicity of the 

miswak ethanolic extract, Saudi 
Dental Journal 1997; 9: 125-30. 

[32]. Hassan S, Al-Yemeni MN, Yahya 
SM, Shah AH. Ethnomedicinal and 
ethnoecological evaluation of 
Salvadora persica L.: A threatened 
medicinal plant in Arabian 
Peninsula, J Med Plant Res 2010; 
4(12): 1209-1215. 

[33]. Abdillahi HS, Stafford GI, Finnie JF, 
Staden JV. Ethnobotany, 
phytochemistry and pharmacology 
of Podocarpus sensus, South Afr J 
Bot 2010; 76 (1): 1-24. 

[34]. Garboui SS, Borg-Karlson AK, 
Palsson K. Tick repellent properties 
of three Libyan plants, J Med 
Entomol  2009; 46(6): 1415-1419. 

[35]. Kamil M, Jayaraj AF, Ahmed F, 
Gunasekhar C, Samuel S, 
Habibullah M, Chan K. 
Pharmacognostic and 
phytochemical studies on Salvadora 
persica, J Pharm Pharmacol  1999; 
227: 51-58.  

[36]. Al-Quran S. Taxonomical and 
pharmacological survey of 
therapeutic plants in Jordan, J Nat 
Prod 2008; 1: 10-26.  

[37]. Jain M, Saxena VK. Chemical 
constituents of the stem of 
Salvadora persica, Acta Ciencia 
Indica 1984; 10: 127.  

[38]. Almas K. The antimicrobial effects of 
extracts of Azadirachta indica 
(Neem) and Salvadora persica 
(Arak) chewing sticks. Indian J Dent 
Res 1999; 10: 23-26.  

[39]. Almas K. The antimicrobial effects of 
seven different types of Asian 
chewing sticks, Odontostomatol 
Trop 2001; 24: 17-20.  

[40]. Al-Otaibi M. The miswak (chewing 
stick) and oral health - Studies on 
oral hygiene practices of urban 
Saudi Arabians, Swed Dent J Suppl  
2004; 167: 2-75.  

[41]. Ezmirly ST, El-Nasr MS. Isolation of 
gluco- tropaeolin from Salvadora 

persica, J Chem Soc Pak 1981; 3: 
9-12. 

[42]. Khalil AT. Benzylamides from 
Salvadora persica, Arch Pharm Res 
2006; 29: 952-956. 

[43]. Khatak M, Khatak S, Siddqui AA, 
Vasudeva N, Aggarwal A, Aggarwal 
P. Salvadora persica, Phcog Rev  
2010; 4: 209-214. 

[44]. Korejo F, Ali SA, Syeda S, Tahir MT, 
Rajput M, Akhter MT. Comparative 
morphology and biochemical studies 
of Salvadora species found in Sindh, 
Pakistan, Pak J Bot  2010; 42(1): 
1451-1463. 

[45]. Mathur S, Shekhawat GS, Batra A. 
An efficient in vitro method for mass 
propagation of Salvadora persica via 
apical meristem, J Plant Biochem 
Biotechnol 2002; 11: 125-127. 

[46]. Mathur S, Shekhawat GS, Batra. A 
Somatic embryogenesis from 
cotyledon explants of Salvodora 
persica, Phytomorphol 2008; 58(1-
2): 57-63. 

[47]. Haberlandt G. Culturversuche mit 
isolierten, Pflanzenzellen 
Sitzungsber Akad Wiss Wien Math 
Nat Cl III Abt 1; 1902. p. 69-91. 

[48]. Nehra NS, Kartha KK. Meristem and 
shoot tip culture: requirement and 
application. In: Vasil IK, Thorpe TA 
(Eds) Plant Cell Tissue Organ Cult, 
Kluwer, Dordrecht; 1994. p. 37-70. 

[49]. Rao PS, Suprasanna P, Ganapathi 
TR. Plant Biotechnology and 
agriculture prospects for 
improvement and increasing plant 
productivity, Sci Cult 1996; 62: 185-
191. 

[50]. Bajaj YPS. Biotechnology of tree 
improvement for rapid propagation 
and biomass energy production. In: 
Bajaj YPS (Ed) Biotechnology in 
Agriculture and Forestry, vol 1. 
Springer-Verlag, Berlin, New York; 
1986. p. 1-23. 

[51]. Karp A. Origin, causes and uses of 
variation in plant tissue cultures. In: 



Kumar et al. International Journal of Phytomedicine 4 (3) 292-303 [2012] 

 

PAGE | 302 | 

 
 

 

Vasil IK, Thorpe TA (Eds) Plant cell 
and tissue culture, Kluwer, 
Dordrecht; 1994. p. 139-150. 

[52]. Roja G, Rao PS. Biotechnological 
investigation in medicinal plants for 
the production of secondary 
metabolites. In: Khan I, Khanum A 
(Eds) Role of Biotechnology in 
medicinal and aromatic plants, 
Ukaaj Publ, Hyderabad, India; 1998. 
p. 95-125. 

[53]. Litz RE, Gray DJ. Organogenesis 
and somatic embryogenesis. In: 
Hammerschlag FA, Litz RE (Eds) 
Biotechnology of perennial fruit 
crops. CAB International, 
Wallingford; 1992. p. 3-34. 

[54]. Rai MK, Asthana P, Jaiswal VS, 
Jaiswal U. Biotechnological 
advances in guava (Psidium 
guajava L.): recent development and 
prospects for future research, Trees 
2010; 24: 1-12. 

[55]. Christianson ML. Causal events in 
morphogenesis. In: Green CE, 
Somers DA, Hackett WP, Biesboer 
DD (Eds) Plant tissue and cell 
culture. A.R. Liss., New York; 1987. 
p. 44-55. 

[56]. Phulwaria M,  Kheta Ram, Gahlot P, 
Shekhawat NS. Micropropagation of 
Salvadora persica-a tree of arid 
horticulture and forestry, New 
Forests 2011; DOI 10.1007/s11056-
011-9254-z. 

[57]. Bein E. Useful trees and shrubs in 
Eritrea, Regional Soil Conservation 
Unit (RSCU), Nairobi, Kenya, 1996. 

[58]. Noumi E, Snoussi M, Hajlaoui H, 
Valentia E, Bakhrouf A. Antifungal 
properties of Salvadora persica and 
Juglans regia L. extracts against 
oral Candida strains, Eur J Clin 
Microbiol Infect Dis  2010; 29 81-88. 

[59]. Monforte MT, Travoto A, Rossito A, 
Foresteieri AM, Aquino DA, Galati 
EM. Anticonvulsant and sedative 
effects of Salvadora persica L. stem 
extract, Phytother Res 2002; 16(14): 
395-397. 

[60]. Ahmad HA, Ghazanfar SA. 
Conservation of medicinal plants on 
the Arabian Peninsula, Two case 
studies, Med Plant Conservation 
IUCN  1991; 3: 15-16.  

[61]. Ghazanfar SA. Saline and alkaline 
vegetation of NE Africa and the 
Arabian Peninsula: An overview. In: 
Biosaline agriculture and salinity 
tolerance in plants. Eds. Ozturk M, 
Waisel Y, Khan MJ, Gork G, 
Springer V. Published by Birkhauser 
Basel; 2007. p. 108-109.  

[62]. Abuzinada AH, Al-Wetaid YI, Al-
Basyouni SZM. The national 
strategy for conservation of 
biodiversity in the kingdom of Saudi 
Arabia, Prepared and issued by: 
The National Commission for 
Wildlife Conservation and 
Development. Conservation of 
Biological Diversity, Riyadh, Saudi 
Arabia, 2005. 

[63]. Sher H, Khan ZD, Khan AU, 
Hussain F. Ethnobotanical study on 
some plants species in village 
Tigdari, District Swat, Yunnanica, J 
Acta Bot  2004; 25: 42-54. 

[64]. Al-Yemeni MN. Ecological studies 
on San dunes vegetation in Al-Kharj 
region, Saudi Arabia. Saudi J Bio 
Sci 2000; 7(1): 64-87. 

[65]. Hines DA, Eckman K. Indigenous 
multipurpose trees for Tanzania: 
uses and economic benefits to the 
people. Cultural survival Canada 
and Development Services 
Foundation of Tanzania, 1993. 

[66]. Alfaran AH, Al-Faraj MM, Hajar AS. 
Wild edible plants in Saudi Arabia, 
Arab Gulf J Scient Res 1992; 10(1): 
91-108. 

[67]. Mahar AQ, Malik AR. A study on the 
medicinal plants of Kotdiji, District 
Khairpur Sindh, Pakistan Scient, 
Sindh J Res  2001; 8: 31-38. 

[68]. Savithramma N, Sulochana CH, 
Rao KN. Ethnobotanical survey of 
plants used to treat asthma in 

Andhra Pradesh, India J 
Ethnopharmacol 2007; 113: 54-61. 

[69]. Sanogo R, Monforte MT, Daquino A, 
Rossitto A, Maur DD, Galati EM. 
Antiulcer activity of Salvadora 
persica L.: structural modifications, 
Phytomedicine 1999; 6(5): 363-366. 

[70]. Al-Mohaya MA, Darwazeh A, Al-
Khudair W. Oral fungal colonization 
and oral candidiasis in renal 
transplant patients: The relationship 
to Miswak use. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2002; 
93: 455-460. 

[71]. Hamza OJ, Bout-van CJ, Matee MI, 
Moshi MJ, Mikx FH, Selemani HO, 
Mbwambo ZH, Vander AJ, Verweij 
PE. Antifungal activity of some 
Tanzanian plants used traditionally 
for the treatment of fungal infections, 
J Ethnopharmacol 2006; 108: 124-
32. 

[72]. Ali H, Konig GM, Khalid SA, Wright 
AD, Kaminsky R. Evaluation of 
selected Sudanese medicinal plants 
for their in vitro activity against 
hemoflagellates, selected bacteria, 
HIV-1-RT and tyrosine kinase 
inhibitory, and for cytotoxicity, J 
Ethnopharmacol  2002; 83(3): 219-
228. 

[73]. Sofrata AH, Claesson RL, Lingstram 
PK, Gustafsson AK. Strong 
antibacterial effect of miswak 
against oral microorganisms 
associated with periodontitis and 
caries, J Periodontol  2008; 79: 
1474-1479. 

[74]. Almas K, Al-Zeid Z. The immediate 
antimicrobial effect of a toothbrush 
and miswak on cariogenic bacteria: 
a clinical study, J Contemp Dent 
Pract 2004; 5: 105-114.  

[75]. Almas K. Miswak (chewing stick) 
and its oral health, Postgrad Dentist 
1993; 3: 214.  

[76]. Duhan A, Chauhan B, Punia D. 
Nutritional value of some non-
conventional plant foods of India. 



Kumar et al. International Journal of Phytomedicine 4 (3) 292-303 [2012] 

 

PAGE | 303 | 

 
 

 

Plant Foods Human Nutrition 1992; 
42: 193-200. 

[77]. Al-Otaibi M, Angmar B. Oral hygiene 
habits and oral health awareness 
among urban Saudi Arabians. Oral 
Health Prev Dent, J Scient Indust 
Res 2004; 56: 657-661. 

[78]. Khan AU. Monitoring structural 
assets of bi-species groves 
according to land use types: a case 
study from arid plains. Environ Monit 
Assess 2009; DOI 10.1007/s10661-
009-1096-1. 

[79]. Darmani H, Al-Hiyasat AS, 
E1betieha AM, Alkofahi A. The 
effect of an extract of Salvadora 
persica (Meswak chewing stick) on 
fertility of male and female mice, 
PhytoMedicine 2003; 10: 63-65.  

[80]. Edi MA, Selim HA. Retrospecitve 
study on the relationship between 
Miswak chewing stick and 
periodontal health, Egyptian Dent J 
1994; 40: 589-592. 

[81]. Mansour Ml, Al-Khateeb TL, Al -
Mazraoo AA. The analgesic effect of 
Miswak, SDJ 1996; 8: 87-91. 

[82]. Almas K, Al -Bagieh N, Akpata ES. 
In vitro antibacterial effect of freshly 

cut-month-old Miswak extracts, 
Biomed Lett 1997; 56: 145-149.  

[83]. Al-Bagieh N, Almas K. In-vitro 
antibacterial effects of aqueous and 
alcohol extracts of Miswak (chewing 
sticks), Cairo Dent J 1997; 13: 221-
224.  

[84]. Mohammad A, Turner JE. In vitro 
evaluation of Saudi Arabian 
toothbrush tree (Salvadora persica), 
Odontostomatol Trop 1983; 3: 145-
148. 

[85]. Baeshen HA, Kjellberg H, Lingstr 
AP, Birkhed D. Uptake and release 
of fluoride from Fluoride-
impregnated chewing sticks in vitro 
and in vivo, Caries Res  2008; 42: 
363-368.  

[86]. Kubota K, Tanaka T, Murata Y, 
Hirasawa M. Effect of tannic acid on 
adherence of Candida to denture 
base, J Dent Res 1988; 67: 183. 

[87]. Norton MR, Addy M. Chewing sticks 
versus tooth brushes in West Africa, 
Clin Preventive Dent 1989; 11: 11-
13. 

[88]. Abo Al-Samh D, Al-Bagieh N. A 
study of antibacterial activity of the 
miswak extract in vitro, Biomed Lett 
1996; 53: 225-238. 

[89]. Galati EM, Monforte MT, Forestieri 
AM, Miceli N, Bader A, Trovato A. 
Salvadora persica hypolipidemic 
activity on experimental 
hypercholesterolemia in rat, 
Phytomed 1999; 6: 181-185.  

[90]. Gazi Ml, Davies TJ, Al-Bagieh N, 
Cox SW. The immediate and 
medium- term effects of Meswak on 
the composition of mixed saliva, J 
Clin Perio-dontol 1992; 19: 113-117. 

[91]. Darout IA, Albandar JM, Skaug N. 
Periodontal status of adult 
Sudanese habitual users of miswak 
chewing sticks or toothbrushes, Acta 
Odontol Scand 2000; 58: 25-30.  

[92]. Almas K. The effects of extracts of 
chewing sticks (Salvadora persica) 
on healthy and periodontally 
involved human dentine: a SEM 
study, Indian J Dent Res 2001; 12: 
12-17. 

[93]. Batra A, Mathur S, Shekhawat GS, 
Paliwal A. Salvadora persica - A 
rare drug plant of arid zone, In Role 
of biotechnology in medicinal and 
aromatic plants, Eds Khan IA, 
Khanum A (Hyderabad, Ukaaz 
Publication) 2001; 4: 81-86. 

 


