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ABSTRACT 

Osteoporosis is a skeletal disease characterized by bone loss and structural deterioration of 

the bone tissue, leading to increased bone fragility and susceptibility to fractures, most 

frequently in the hip, wrist and spine. There is imbalance between bone formation 

(osteoblastic activity) and bone resorption process (osteoclastic activity) due to various 

causes such as deficiency of estrogen hormone as in post menopausal osteoporosis, aging and 

oxidative stress. From ancient times many medicinal herbs have been reported in literature to 

treat osteoporosis. Equisetum arvense (common horsetail) is one such herb which is 

suggested for the treatment of osteoporosis because of its very high silica content in the 

whole plant kingdom. Silica helps in the absorption and use of calcium and also in the 

formation of collagen. Also secondary metabolites such as flavonoids (quercetin, kaempferol, 

luteolin and apigenin) and triterpenoids (oleanolic acid, betulinic acid and ursolic acid) have 

shown protective effect in osteoporotic bone loss. The present review is an attempt to bring 

out the therapeutic properties of E. arvense in preventing and treating osteoporosis. 
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INTRODUCTION 

 

Osteoporosis and current treatments 

Osteoporosis is a skeletal disease characterized by bone loss and structural deterioration of 

the bone tissue, leading to an increase in bone fragility and susceptibility to fractures, most 

frequently in the hip, wrist and spine [1]. Various factors resulting in bone loss are age, 

menopause in women, smoking, alcohol excess, calcium and vitamin D deficiency, low 

weight and muscle mass, anticonvulsants and corticosteroid. Bone loss can also be due to co-

morbid conditions such as rheumatoid arthritis [2]. Osteoporosis is a global problem in both 

men and women which is increasing in significance as the population of the world is growing 

in numbers and ageing. In old women, after menopause ageing results in deficiency of 
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estrogen hormone, resulting in the elevation of bone resorption through osteoclastogenesis 

and is the most common cause of osteoporosis [3]. Worldwide, lifetime risk for osteoporotic 

fractures in women is 30-50% and the same in men is 15-30%.  

Physical exercise, dietary supplements and pharmacotherapy are usually suggested as the 

preventive measures. The approaches for the treatment of osteoporosis involves the 

supplementation of estrogen and estrogen analogues; inhibition of osteoclast proliferation and 

induction of osteoclast apoptosis and drugs that enhance the proliferation and differentiation 

of osteoblast [4]. Irrespective of the above approaches, Calcium and Vitamin D3 supplements 

are used as adjuvant therapy. 

Current therapies available for treating osteoporosis are divided into two types: one is 

antiresorptive agents and the other is anabolic agents. Antiresorptive agents such as 

bisphosphonates, estrogen, SERMs and calcitonin act to reduce bone resorption by inhibiting 

osteoclasts. Teriparatide, a synthetic form of parathyroid hormone, is the only anabolic agent 

available that acts to increase bone formation.  Both antiresorptive and parathyroid hormone 

treatments have serious side effects [5, 6] and do not result in substantial increase in bone 

mass.  To overcome the wide range of side effects produced by the synthetic drugs, there is 

increasing demands for ‘green medicine’ a healthier and safer option with less or no side 

effects [5].  

Therapeutic effects of plant medicines are reported to be due to collective action of numerous 

constituents through multipathways aiming multitargets [4]. Osteoporosis being a 

multifactorial disorder, green medicine is expected to be especially effective. Osteoporosis is 

associated with inflammation and increased oxidative stress and plant based medicines that 

target these associated maladies along with the disease, are expected to bring desirable 

effects. Oxidative stress has been reported to reduce differentiation and survival of 

osteoblasts [7, 8, 9] and antioxidants from plants and fruits are known to reduce the damaging 

effects of reactive oxygen species (ROS) [10]. The secondary metabolites are reported to 

increase osteoblastic activity by increasing the expression of BMP-2, BMP-4, Runx 2 and 

cyclin D1. Some plant compounds also inhibit the expression of IL-6, TNFα, COX-2 and 

PGE2, necessary for the differentiation of osteoclasts [4]. From ancient period, many 

medicinal herbs (Cissus quadrangularis, Onobrychis ebenoids, Carthamus tinctorius, 

Ligustrum lucidum Ait) are being used for the treatment of Osteoporosis [10, 11], but very 

scanty information is available on the use of E. arvense.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Overview of Equisetum arvense 

Equisetum arvense L. (Figure 1), commonly known as horsetail, is a bushy perennial herb. 

The name "horsetail" is often used for the entire group, because of its resemblance to a 

horse’s tail. The scientific name, Equisetum derives from Latin equus ("horse") + seta 

("bristle"). It is the only living genus of the order Equisetales and the class Sphenopsida. It is 

http://en.wikipedia.org/wiki/Scientific_name
http://en.wikipedia.org/wiki/Latin
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a native of northern hemisphere, although it is  widely distributed throughout Canada, USA 

except the southeast, Europe and Asia south to Turkey, Iran, the Himalayas, across China 

(except the southeastern part), Korea and Japan [12].  

  

PLANT DESCRIPTION OF EQUISETUM ARVENSE   

Classification: 

 

       

Morphology: 

The genus Equisetum consists of 30 species of rush like, conspicuously jointed, perennial 

herbs. Many plants in this genus prefer wet sandy soil, though some are semi aquatic and 

others are adapted to wet clay soils. However E. arvense prefer an acid soil.  Horsetail is a 

strange plant with creeping, string like rootstock. Roots are present at the nodes which 

produce numerous hollow stems. The hollow stems are of two types, a fertile stem and a 

sterile stem (vegetative stem). The fertile stem appears in spring, is short lived and is 

brownish to whitish in colour. It is unbranched, thick and succulent, shorter than the 

vegetative stem, with larger sheaths and 10-30 cm tall. At the tip of the fertile stem is a cone 

like structure or strobilus (Figure 2) which contains spores. The strobilus withers away after 

spring.  The sterile or vegetative stem is green, bottlebrush like, with branches at stem and 

contains nodes in whorls of 3 to 4. The sterile stems tend to be much taller and bushier, with 

the jointed segments being around one inch long with a diameter of about 1/20th of an inch. 

Roots may be pallid-brown, red-brown or black. Ground-level or under-ground stems are 

horizontal and usually rhizomatous. Leaves are reduced to small scales fused into sheaths and 

distributed along the stems. Sheaths of fertile stems have 8 - 12 large and pointed teeth 

whereas sheaths of sterile stems are green, with 10 - 12 brownish or blackish teeth [13]. 

 

PHYTOCHEMICAL PROFILE OF E. ARVENSE 
The commonly known phytochemical compounds in E. arvense are alkaloids, phytosterols, 

tannin, triterpenoids and phenolics such as flavonoids, styrylpyrones and phenolic acids [14, 

15]. For medicinal purpose aerial parts, mainly sterile stems are used.  

 

1. Sterile stem are reported to contain silicic acid and silicates (5-8%), potassium 

(1.8%), calcium (1.3%), aluminium, sulphur, magnesium and manganese [13, 16, 

17]. 

2. Styrylpyrones accumulate in rhizomes of sporophytes and gametophytes of E. 

arvense as major constitutive metabolites. In these organs, no flavonoids are 

detected. In green sprouts, styrylpyrone accumulation is only detected as a local 

response to mechanical wounding or microbial attack, and flavonoids are 

accumulated as major polyketide metabolites [18]. Rhizomes also contain 3'- 

Kingdom Plantae – Plant 

Superdivision Pteridophytes 

Division Equisetophyta 

Class Sphenopsida 

Subclass Equisetidae 

Order Equisetales 

Family Eqisetaceae 

Genus  Equisetum 

Species arvense 
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deoxyequisetumpyrone (3, 4-hydroxy-6-(4'-hydroxy-D-styryl)-2-pyrone-3-O- -D-

glucopyranoside) and 4'-Omethylequisetumpyrone (3, 4-hydroxy-6-(3'-hydroxy-4'-

methoxy-Estyryl)-2-pyrone-3-O-D-glucopyranoside). Vegetative stems contain 

equisetumpyrone [18, 19, 20].  

3. It is reported that sterile stems contain 0.3-0.9% of total flavonoids. Various 

flavonoids that are present are kaempferol 3-Osophoroside-7-O-glucoside, 

kaempferol 3-O-(6”-O malonylglucoside)-7-O-glucoside. Kaempferol 3-O-

sophoroside, quercetin3-O-glucoside, apigenin, apigenin 5-O-glucoside, luteolin, 

luteolin 5-O-glucoside, genkwanin 5-O-glucoside and isoquercitrin [16, 21, 22, 23, 

24]. 

4. Sterile stems also contain triterpenoids such as isobauerenol, taraxerol, germanicol, 

ursolic acid, oleanolic acid and betulinic acid [25]. 

5. It is reported that fertile sprouts of E. arvense contain phenolic glycosides such as 

equisetumoside A, equisetumoside B and equisetumoside C [25]. Onitin and onitin-

9-O-glucoside are phenolic petrosins isolated from this plant [24].   

6. Barren sprouts of E. arvense from Asia and North America contain flavone 5-

glucosides and their malonyl esters, whereas European sprouts are free from these 

compounds. Both types of sprouts contain quercetin 3-O-β-D-glucopyranoside and 

its malonyl ester. Quercetin 3-O-sophoroside, genkwanin 4′-O-β-D-

glucopyranoside and protogenkwanin 4′-O-β-D-glucopyranoside are only found in 

European ones [26].  

7. Di-E-caffeoyl-meso-tartaric acid has been isolated from the methanolic extract of 

the barren sprouts of E. arvense as the main hydroxycinnamic acid derivative. It is a 

marker compound for E. arvense [27].  

8. Alkaloids such as nicotine, palustrine and palustrinine are reported from this plant 

[15].  

9. Sterile stems are also rich in phytosterols such as cholesterol, epicholestanol, 24-

methylenecholesterol, isofucosterol (5.9%), campesterol (32.9%) and β-Sitosterol 

(60%) [28, 29, 30].  

 

PHYTOCHEMICALS IN THE TREATMENT OF OSTEOPOROSIS 
The flavonoids and triterpenoids have been studied in vivo and in vitro for their bone 

conserving effects in estrogen deficiency-induced and aging-induced bone loss. Flavonoids 

isoquercetin, kaempferol, luteolin and apigenin are reported to prevent bone loss. The 

triterpenoids oleanolic acid, betulinic acid and ursolic acid are reported to stimulate 

osteoblast cells to increase bone formation. Isoquercetin, a quercetin glycoside, occur 

naturally and shows same therapeutic activity in vivo as that of quercetin 

(http://www.naturalmedicinejournal.com/article_content.asp?edition=1&section=2&article=3

74).   

Quercetin and kaempferol have been reported in vitro to possess anabolic effect on osteoblast 

proliferation, differentiation and mineralisation. Both these flavonols stimulate osteoblast 

differentiation via ERK and ER mediated pathways [31, 32]. Quercetin and kaempferol also 

activate anti- inflammatory mechanism thus inhibiting osteoclast differentiation and function 

[33]. Quercetin is reported to inhibit RANKL - induced activation of nuclear factor kappa B 

and activator protein-1, a mechanism by which it inhibits osteoclast formation [34]. Inhibition 

of ROS generation by quercetin is implicated in its antiosteoclastic function [35]. Induction 

of PI3K, Akt, and CREB by Kaempferol in MC3T3-E1 cell line is reported as the likely 

cause for degeneration of osteoblasts [36]. Luteolin and apigenin are reported to stimulate 

osteoblast proliferation and differentiation [37]. Apigenin is reported to increase alkaline 

phosphatase activity and collagen content in MC3T3-E1 cell line [38]. Apigenin is also 

http://www.naturalmedicinejournal.com/article_content.asp?edition=1&section=2&article=374
http://www.naturalmedicinejournal.com/article_content.asp?edition=1&section=2&article=374
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reported to inhibit osteoblast induced osteoclast function by inhibiting osteoblastic production 

of TNFα and interferon-gamma production [39].  Luteolin has been reported to decrease 

differentiation of both bone marrow mononuclear cells and Raw264.7 cells into osteoclasts 

and inhibits the bone resorptive activity of differentiated osteoclasts [40]. 

Oleanolic acid has been reported to exert an osteoprotective effect in ovariectomy induced 

osteoporotic rats and to stimulate the osteoblastic differentiation of bone mesenchymal stem 

cells in vitro [41]. Betulinic acid stimulates the differentiation and mineralisation of 

osteoblastic MC3T3-E1 cells. Betulinic acid has been shown to have potential to enhance 

osteoblastogenesis through activation of BMP/ Smad/ Runx2 and ß catenin signal pathways 

[42]. Ursolic acid enhances differentiation and mineralization of osteoblasts in vitro and 

induces the expression of osteoblast-specific genes with the activation of MAPK, NF-kB and 

AP1. Ursolic acid is also shown to have bone-forming activity in vivo in a mouse calvarial 

bone formation model [43]. 

 

BIOACTIVITIES OF EQUISETUM ARVENSE AND OSTEOPOROSIS 

Osteoporosis is a most common bone disorder encountered in clinical practice. With 

advancing age and particularly in women after menopause, it is caused by the increased 

activity of osteoclasts ultimately leading to osteoporosis. Age is a chief single predator for 

osteoporosis in women but enhanced oxidative stress is also reported as a major cause. 

Several studies have reported impact of oxidative stress on osteoclast differentiation as a 

cause of increased bone resorption [44, 45]. Furthermore in vitro and in vivo studies have 

suggested important role for oxidative stress in the pathogenesis of osteoporosis [8, 46]. 

Some of the factors involved in inflammation such as C-reactive protein, IL-6, TNF and NO 

also contribute to pathogenesis of osteoporosis [47, 48, 49, 50, 51]. Based on these 

observations secondary metabolites showing antioxidant and anti-inflammatory activity may 

show a reduction in the risk of osteoporosis. From ancient times, E. arvense (Horsetail) has 

been used for the treatment of various diseased conditions. Some of the reported activities are 

as follows: 

 

As an antioxidant and free radical scavenger: Water and ethanolic extract of top 

(strobilus) and body portions of E. arvense (Tsukushi) shows antioxidant activity [52]. The 

scavenging activity of E. arvense extract and its total reducing power has been reported by 

FRAP assay [53].  

 

As an anti- inflammatory agent: Hydro alcoholic extract of horsetail shows anti-

inflammatory effect. It is used for conjunctivitis. Because of its anti-inflammatory action it is 

used for arthritis, chilblains, cystitis, gout, inflammation of the lower urinary tract, renal 

gravel etc. It is also used for benign enlargement of prostate gland. The tea made from 

horsetail is used as a gargle for mouth and gum inflammation [30]. 

 

In Bone related disorders: Costa-Rodriguez assayed the effects of hydro-methanolic extract 

of E. arvense on human osteoclastogenesis in vitro. The hydro-methanolic extract of E. 

arvense has been shown to reduce human osteoclast development and function, both in 

osteoclast precursor cell cultures and in co-cultures of osteoclastic and osteoblastic cells [54]. 

Pereira et al., studied the effect of hydro-methanolic extract on behaviour of human bone 

marrow cells for osteoblastic modulation in vitro. The results showed that hydro-methanolic 

extract of E. arvense promoted osteoblastic response while preventing risk of infection at the 

biomaterial/ bone interface by local delivery system [55]. 
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Equisetum arvense is reported to be useful in the treatment of osteoporosis because of its high 

silica content. However, only one study in 1999 has examined horsetail for osteoporosis [56].  

The study, in spite of reporting improved bone density, has been criticized as poorly designed 

by other scientists (http://umm.edu/health/medical/altmed/herb/horsetail).  

 

EQUISETUM ARVENSE PHYTOCHEMICALS AND TREATMENT OF 

OSTEOPOROSIS 

Equisetum arvense, a perennial herb, is a storehouse of many secondary metabolites (Table 

1). E. arvense contains all the phytochemicals which are reported to be useful in the treatment 

of osteoporosis (refer subheading 4). In addition Equisetum arvense is rich in silica, an 

important mineral required for bone mineralisation. Silica is a trace element which plays an 

important role in our body (http/www.alive.com/articles/view/19800). Recommended daily 

requirement for silica has not yet been established, but according to a recent study at the 

Rayne Institute at St Thomas's Hospital in London, an intake of 10mg/ day was associated 

with significantly increased bone mineral density in pre-menopausal women and men [57]. 

Two main sources of silica are drinking water and plant fibres. Silica in plants is mostly 

found in the form of silicic acid [58] and E. arvense is an excellent source of natural silica. 

  

Bone is a living tissue which is composed mainly of organic and inorganic matter. The 

greater portion of bone is type I collagen. Tissue levels of calcium have no bearing on the 

tissue collagen levels or health. Calcium does not play any role in the production or repair of 

collagen (http/ www.eidon.com/ SILICA vs CALCIUM.pdf). Silica is involved in early stage 

of bone calcification. Alone calcium supplementation cannot reverse osteoporosis [58]. Silica 

is necessary for proper skeleton development. Silica deficiency is a precursor to calcium 

deficiency and thus it leads to loss of tissue elasticity.  

Table 1. List of phytochemicals present in E. arvense 

 
 

Silica helps in the absorption and use of calcium by the body. Many studies have shown a 

positive correlation between silica and bone mineral density. Various experiments conducted 

on chicks and rats fed on silica deficient diet showed skeletal deformities confirming the role 

of silica in proper skeletal development [58]. 

Bone matrix is a two-phase system in which the mineral phase provides the stiffness and the 

collagen fibres provide the ductility and ability to absorb energy (the toughness). Collagen is 

the most abundant protein found in the bone matrix providing flexibility to skeleton and is an 

important component of the connective tissues. Alterations of collagen properties are 

therefore likely to affect the mechanical properties of bone and increase fracture 

http://umm.edu/health/medical/altmed/herb/horsetail
http://www.alive.com/articles/view/19800
http://www.eidon.com/%20SILICA
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susceptibility. A change in collagen properties alters the amount and deposition of minerals. 

In post menopausal osteoporosis it has been reported that at the material level, the volume 

fraction of mineral and the relative amounts of mature and immature collagen crosslinks are 

affected by the tissue turnover rates. This contributes to bone fragility [59]. It has been 

suggested that silicon is involved in bone formation through synthesis and stabilisation of 

collagen, but the underlying mechanism is not yet clear. Silica is required for the proper 

functioning of the enzyme prolylhydroxylase, an enzyme important for formation of collagen 

in bone, cartilage, and connective tissue [57]. Prolyl hydroxylation contributes to collagen 

stability as it induces the formation of hydrogen bonds mediated by bridging water 

molecules. Silica also stimulates chrondroblast (cartilage-forming cells) to deposit proteins 

and other structural materials on the matrix. 

In the light of the above discussion, E. arvense looks to be a candidate plant for the treatment 

of osteoporosis.  

 

PRECAUTIONS WHILE USING EQUISETUM ARVENSE 

Some safety precautions are advised while using Equisetum arvense for the following 

reasons: 

1. Chronic use of this herb causes deficiency of Vitamin B1 due to its thaiminase activity. 

Daily supplement of vitamin B complex is advised. 

2. E. arvense contains some amount of nicotine and is not advised in combination with 

other substances containing nicotine. Pregnant and breastfeeding women are advised to 

avoid horsetail. 

3. E. arvense along with other diuretics has been reported to cause hypokalemia.  

4. Chronic alcohol drinkers are advised to avoid horsetail as it further decreases Vitamin 

B1 level in the body. 

5. E. arvense in combination with lithium containing drugs is reported to cause 

accumulation of lithium in the body. 

A supervision of health expert is thus recommended while using E. arvense [12, 13]. 

 

CONCLUSION 

The objective of this article was to illustrate Equisetum arvense’s potential as a therapeutic 

agent for the treatment of osteoporosis. The traditional uses and therapeutic activity of 

Equisetum arvense has been established through modern testing and evaluation (preclinical 

and clinical) trials in different disease conditions. But its role in the treatment and prevention 

of osteoporosis is yet to be studied. The E. arvense contains highest percentage of silica in the 

whole plant kingdom and has been suggested for the treatment of Osteoporosis. In addition, 

E. arvense contains secondary metabolites such as quercetin, kaempferol, luteolin, apigenin, 

oleanolic acid, betulinic acid and ursolic acid and their role has been well documented to 

show anabolic activity on bone forming osteoblast cells.  Together with flavonoids, 

triterpenoids and silica E. arvense appears to be potential candidate to prevent and treat 

osteoporosis. This review emphasizes the potential of E. arvense as a likely new therapeutic 

drug and provides the basis for future research on its application in the treatment of 

osteoporosis and other bone diseases. 
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