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ABSTRACT 

Silicon dioxide which is also known as silica is naturally seen as chemical compound 

that is an oxide of silicon and the formula is SiO2. It is usually found in nature as sand or 

quartz as well as in the cell walls of diatoms (frustale). The two main applications of silica 

based materials in medicine is for bone repairing and drug delivery systems. It is mainly due to 

the influence of its properties and characteristics of every silica materials which possess the 

functions for both applications. Alsomeso-structured silica is having various medical 

applications such as medical imaging and anti-microbial agents. In this journal various 

applications of silica is explained. 
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INTRODUCTION 

Silicon dioxide or silica is widely 

used in medical fields such as biomaterials 

research, bonerepairing, cell imaging and 

drug delivery systems. These materials 

possess high bio compactability,they can be 

easily surface functionalized, degrade into 

nontoxicsilica acid and it can be further 

processed into various forms such as micro 

and nano particles ,monoliths, membrane 

and micro machined structures [1].Silicon is 

the most abundant element in earth’s crust, 

second only to oxygen. It is commonly 

found in rocks, sand, clays and soils, always 

combined with oxygen and form silicon 

dioxide, or with oxygen and other elements 

as silicates. Silicon’s are commonly found in 

the atmosphere, in many plants, in water and 

even in animals. 

In 1824, a Swedish chemist, Jons 

Jacob Berzelius isolated and described 

silicon as an element. Later in 1811 an 

impure form was obtained. By using 

electrolysis crystalline silicon was produced 

in 1854. Silicon reacts with halogens to form 

halides when it is heated. It also reacts with 

certain metals which gives the product 

silicide. When the temperature increases 

water vapor attacks silicon or by oxygen to 

form a surface layer of silicon dioxide. In 

1999, world production of silicon is around 

640,000 metric tons (except china), with 

Brazil, France, Norway and the United 

States major producers. After that China 

became the largest producer accompanied 

by United States. 

Crystal structure 

 The basic building block of the most 

ideal glass former is tetrahedral coordination 

of silica (SiO2). In almost of the silicates, the 

Si atoms have tetrahedral coordination, in 

which Si atom is surrounded by 4 oxygen 

atoms [2].”Siloxane” is the basic repeating 

unit, which are obtained by equal 

proportions of organic groups attached to an 

inorganic group possess unique property in 

which they can be used as compounds, 

emulsions, fluids, resins and elastomers in 

various applications and different fields [3]. 

Lane and Burns (1996), Rochow (1987) and 
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Noll (1968) put a key milestone in the development of silicone chemistry [4, 5].

 

Fig: 1 Crystal structure of silicone 

Table: 1 Basic properties of silica 

Molecular formula Sio2 

Appearance Transparent Crystals 

Molar Mass 60.08g/mol 

Density 
1600-1725°C,1873-

1998K,2912-3137°F 

Boiling Point 2230°C,2503K,4046°F 

Silica materials for bio medical application 

was first developed from certain 

composition of silica-based glasses, which 

are considered as bioactive. It can be 

assumed that bioactivity is an ability of 

certain materials to conduct a series of 

chemical processes when subjected to a 

physiological environment, were the 

material has definite structure and chemical 

composition. As Silica and porous forms 

Silicon are having large surface area (up to 

1200m2/g) it permits high drug loading. To 

improve the control over drug release 

kinetics it can be incorporated with 

polymers [6]. The basis of silicones initial 

use in medical field is by the properties of 

biocompatibility and bio durability. For 

example consider the hydrophobic (water 

repellent) character of silicon which is 

helpful for blood coagulation prevention in 

mid-1940.The researchers found out from 

their studies in 1946, that the silicon 

treatment “on glassware and needles “gives 

a surface which preserves blood use of 

porous Si d from clotting for many hours 

[7]. It was soon discovered that also silicon 
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coated needles are less painful. For many 

applications evolving long term 

implantation, chemical stability and elastic 

nature are benefited. 

APPLICATIONS 

Silica materials have wide spread 

applications in the field of health care due to 

its unique properties. They are widely used 

biomaterials research, bone repairing, cell 

imaging, catheters, drains, shunts, Aesthetic 

implants, and extracorporeal equipment and 

drug delivery systems. 

2.1. Drug delivery 

Leigh Canham was the first to 

promote the in-vivo use of porous Si and he 

also demonstrated its restorability and 

biocompatibility in 1990’s [9,10].The first 

report of drug delivery from porous Si is 

across a cellular barrier which has been 

performed with insulin and delivered across 

monolayer’s of CaCO (11). Excess of 80% 

of free volume, in porous silica can carry 

cargo such as proteins, enzymes [12, 13], 

drugs [14,15,16,17] or genes. It can also 

carry nano particles, which can be equipped 

by homing devices, sensors and cargoes. 

There are some essential features for a good 

carrier they are, 

1. Biocompatibility and biodegradability of 

the supporting nanoparticles 

2. High loading efficiency 

3. Optimized physiochemical character 

4. Simpleprocedure for surface chemistry 

and performance 

5. Capability for large scale good 

manufacturing 

The major threatening and hazardous 

effect of cancer therapy is the side-effects 

due to their toxicity [18, 19]. The only way 

to reduce the side effects is by encapsuling 

the drug in the delivery system, which itself 

is non-toxic and protects the body from 

toxic drugs and decomposes the drug to the 

target cells, which won’t cause any harm to 

the surrounding cells. Due to the high 

versatile properties of Mesoporous silica 

materials, which contains nano-meter sized 

channel systems, provide high potential as 
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novel-drug delivery systems [20, 21]. As 

silica nano structures can be covalently 

modified, they have high potential for cell-

targeting also. We can also demonstrate the 

potential of surfactant-template mesoprous 

silica materials [22] as delivery systems for 

anticancer drug doxorubicin hydrochloride 

(Fig 2) these are widely used in 

chemotherapy, like treatment for Kaposi’s 

sarcoma, [23] ovarian carcinoma [24] or 

breast cancer [25]. Doxorubicin limits its 

therapeutic application because of its 

toxicity especially to heart and kidneys. 

Through evaporation induced self- assembly 

method Doxorubicin-loaded mesoprous 

samples were synthesized as thin films. 

The delivery system will be loaded 

with high concentrations of Doxorubicin and 

the drug will be present mainly in the form 

of mobile aggregates during medical 

applications.The drug molecules can diffuse 

through out the porous network or by one 

pore to another in a controlled manner 

depending on the defects that is openings in 

the channel walls.This way the drug 

incorporated in the delivery system can 

succesfully be deliverd to the 

surrounding.Thus mesoporous silica 

particles can be used for drug delivery 

systems for immunosuppressive drugs to 

diminish rejection.and thus a wide range of 

different drugs is within the scope.  

 

Fig: 2 Doxorubicin hydrochloride [29] 

(Source: TimoLebold et al., “Nanostructure 

Silica Materials as Drug-Delivery Systems 

for Doxorubicin: Single Molecule and 

Cellular Studies” 2009) 

2.2.Bone Repairing (Orthopedic 

applications) 

The hand and foot joint implants are 

the most significant orthopedic application 

of silicon .Dr Alfred Swanson developed 

Silicone finger  implants in 1968, for foot 

and hand similar other small joints were 

developed.almost four decades later ,silicone 
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remains the most prevalent type of small 

joint implant. The characteristic amorphicity 

of bioglasses is usually a product of the 

structure of the silicate glass,generally 

defined by [SiO2] tetrahedra. Silica glass 

shows a disoderd structure were crystallised 

silica shows uniform arrangement of these 

tetrahedra.due to such disorderd structure of 

these glasses, enhanced by the presence of 

network modifiers, gives rise to the high 

reactivity of these glassesin aqueous 

environment. This high reactivity is 

benificial for their  applictaion in peridontal 

repair and bone augmentaion, since it 

augment the bioactive nature in 

physiological fluids which results in the 

crystallization of the apatite-like  phase 

[26,27]. The Bioactive properties of glasses 

can be predicted but difficult for glass-

ceramics especially in-vivo. Hench [28] 

developed different microstructural 45S5 

compositions: glass, partially crystalline and 

fully crystalline and nearly after 6 weeks in 

vivo all the implants were bonded to the 

bone of rat femur, and provided with enough  

silica inorder to notice the bioactivity. 

Further researches shows that A-W glass 

ceramics also have the abillity to bond to 

living bone by means of calcium phosphate 

rich layer,since there is no presence of silica 

gel layer detected at the implant-bone 

interface.Unique structered organic-

inorganic hybrids of an organic core 

surrounded by flexible arms terminated in 

alkoxysilane groups.By considering the 

mechanical properties of star gels, materials 

with properties to integrate with bones can 

be synthesised. It is a very 

importantmilestone achieved in the material 

science for future and current bio medical 

applications. In the case of large bone 

defects,these materials can be used for bone 

tissue regeneration when star gels are 

obtained as monoliths of different shapes 

inorder to fit into any kind of medium. Bio 

active star gels are able to develop an apatite 

phase on their surface when saturated in 

replicated body fluid though they can be 

obtained as monoliths of any shape and size. 

In mechanical point of view, 

morphologically and structurally are 

homogenous and are far better than 
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conventional bioactive glasses [30]. In 

addition to this ,close related to the fracture 

toughness of the cortical bone, bioactive 

star-gels are much better than those of sol-

gel glasses. 

2.3.Catheters, Drains and Shunts  

The elastomeric properties of 

silicone found many application in 

numerous catheters,shunts and drains. These 

are inbuilted within devices coated or 

fabricated with silicone as well as with 

nonsilicone substartes inorder to prevent 

host reactions. A simple example is that in 

the Silastic Foley, it is a latex catheter 

whose exterior as well as interior had been 

coated with silicone elastomer although 

several all-silicone urology catherers have 

been utilized. During gynecological surgery 

for bladder drainage various components of 

the Cysto-cath suprapubic drainage system 

is used, which is very complicated or 

prevented normal urethral urination. This 

system consists of 1). The catheter, a silicon 

tube is used in which nonwetting surface 

minimize encrustation 2). The body seal 

made of bendable silicone elastomer to 

allow the easy movement of the patient 

movementand that conform easy to body 

contour  3). A pressure-sensitive silicone 

adhesive that is well adhered to skin and 

4.the trocar needle used to prick the bladder 

and overlying tissue [3]. After the vaginal 

surgery obivisously the bladder will be 

inflated and located, in this cases the silastic 

medical adhesives are applied by a bursh for 

cleaning the abdomen over the bottom of the 

body seal componet. Silicone materials have 

excellent properties of adhesion and the 

pressure-sensitive adhesive is a reaction 

product of silicon polymers and their resins 

discrete in a solvent to provide application 

and spreading. This will suit to wet or dry 

skin without causing any irritations or 

discomfort and it is highly permiable to 

oxygen,moisture vapor and even 

carbondioxide, silicon also acts as water 

proof. 

2.4. Cell imaging 

Silica particles are organically 

modified and doped with Nile Red which 

can be synthesized and characterized. 

Because of the hydrophobic nature of 
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flurophores, it become incompatible to 

aqueous biological system. This is the main 

reason that flurophores with high quantum 

efficiency is not have been widely applied to 

the imaging areas yet. More hydrophilic 

groups such as ethylene-oxy or carboxylic 

acid groups were introduced to make 

flurophores morebio compactible. All these 

don’t work out due to various obstacles 

when it is presented to extreme bio-

environment. Overcome this situation 

organically modified silica (ORMOSIL) 

nanoparticles is widely used in the field of 

medicine. Because of the micro sized and 

surface charge, ORMOSIL silica 

nanoparticles can be uptaken by cells via 

“enhanced permeability and retention effect” 

(their surfaces carry positive charge and the 

membranes of the cancer cells generally 

carry negative charge). Based on this 

property, ORMOSIL nanoparticles have 

been utilized for application such as 

photodynamic therapy [31-33]. Because of 

its micro-small size and surface charge, 

ORMOSIL silica nanoparticles can be 

absorbed by cells through the “improved 

permeability and retention effect” (their 

surfaces carry positive charge and the 

membranes of the cancer cells generally 

carry negative charge). This property has 

been utilized for application ORMOSIL 

nanoparticles for Photodynamic therapy 

[34]. When they are excited in DMSO 

solution Nile Red dyes emit red color 

fluorescence, but they are barely water 

soluble and the fluorescence excited in 

aqueous Solution is negligible. Anyway, 

they can emit very strong red fluorescence 

when excited in a water environment while 

Nile Red dyes are encapsulated in 

ORMOSIL nanoparticles. Since most bio-

activities occur in a hydrophilic environment 

this property is very important for bio-

applications. Before and after encapsulation 

the absorption and emission properties of 

Nile Red DyeWere also characterized by 

absorbance spectrophotometer and 

Photoluminescence (PL) spectroscopy and 

nearly no photo bleaching could be 

experimentalafter long time excitation, 

representing nanoparticles acquire stable 

optical properties. ORMOSIL nanoparticles 
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were conjugated with apo-transferrin (Tf) 

and folic acid (FA) [35]. Here the 

ORMOSIL nanoparticle conjugates for in 

vitro targeting HeLa cell lines, which are 

well-known to over-express the transferring-

receptor (TfR) [36] and folic acid receptors 

(FR) [37-40]. The nanoparticles conjugates 

to treat with the COS-7 cell lines, where 

neither folic acid receptors nortransferring 

are known to be over-expressed, and 

approximately no uptake could be observed. 

To confirm above receptor-mediated uptake, 

Fluorescence microscopy imaging technique 

was used .ORMOSIL nanoparticles were 

supplementary co-conjugated with 

polyethylene glycol (PEG, which can 

advance the long in vivo motion of 

nanoparticles [41,42]) and Apo-transferring, 

and the conjugates also showed a 

comparable in vitro targeting of HeLa Cells 

as compare with only apo-transferrin-

conjugated nanoparticles. The PEG-Tf-co 

conjugated ORMOSIL nanoparticles are 

good quality for use in future in vivo living 

thing experiments as PEG can avoid the 

aggregation and progress the long motion of 

nanoparticles besides dropping the non-

specific targeting of nanoparticles 

throughout an in vivo experiment. 

 

Fig: 3 Fluorescence imaging 

 

Fig: 4 Fluorescence imaging pictures of 

HeLacells (Source: Jun Qian., Bio-

molecule-conjugated fluorescent organically 
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modified silica nanoparticles as optical 

probes for cancer cell imaging“2008) 

From a Nikon E200 microscope 

fluorescence imaging of cells was taken. 

When white light approaching from a 

Halogen lamp conceded through a 

diachronic beam splitter) green light 

(510nm-560 nm is obtained, for imaging  it 

was used to excite the cell sample through 

the 40×/0.65 objective lens that also 

collected the fluorescence signal. All the 

fluorescence signals were received by the 

CCD, after transitory all the way through a 

long wavelength-pass optical filter (590 nm 

LP), which was installed on the peak of the 

microscope, and then transferred to a 

software in a PC. 

Figure shows the fluorescence 

imaging of the HeLa cells and COS-7 cell. It 

could be evidently seen from the 

Fluorescence imaging that, the bright red 

fluorescence (which was emitted from Nile 

Red) together with this both types of cells 

quite well and the targeting was very tough 

and standardized. Nevertheless, the uptake 

was all the way through the “enhanced 

permeability and retention effect”, and both 

the cancer (HeLa) cells and non-cancer 

(COS-7) cells could be targeted without 

specifying by the nanoparticles. It is 

hencemostly important to establish a bio-

molecule-conjugated ORMOSIL 

nanoparticle stage to target particularly the 

disease cells (devoid of targeting healthy 

cells) for diagnosis/therapy applications. 

The nanoparticles can be formulated 

as a stable aqueous dispersion because of 

having a uniform and tunable size 

distribution. The nanoparticles have been 

further conjugated with Tf and FA, whose 

receptors are over expressed in HeLa cells 

but not in COS-7 cells because of its stable 

optical properties. Tf and FA conjugated 

nanoparticles show tremendous specific 

targeting of HeLa cells but approximately no 

uptake in COS-7 cells, which verify the 

receptor-mediated uptake of thesebio-

conjugated nanoparticles in HeLa cell lines. 

PEG and Tf have further been co-conjugated 

with nanoparticles, and the conjugates also 

illustrate excellent encouraging uptake in in 
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vitro cell imaging. Certain DNA molecules, 

antibodies [like anti-Her2, whose receptors 

are over-expressed in breast cancer cells 

(SKBr3), or anti-EGFR, whose receptors are 

over-expressed in malignant oral epithelial 

cell lines (HOC 313 clone8 and  HSC 3) and 

drugs (like photo sensitizer for PDT 

application)can also be utilized in our 

system of ORMOSIL nanoparticles. The 

present multifunctional nanoparticles will 

have forthcoming applications in e.g. in vivo 

bio-imaging bio-therapy and bio-sensor 

2.5. Extracorporeal Equipments 

Due to the high hemocompatibility 

and permeability properties silicon tubing 

and membranes found applications in 

numerous extracorporeal machines. Silicon 

has been widely used in kidney dialysis, 

heart bypass machines and blood 

oxygenator. In mechanical heart valve 

application of silicon is due to its blood 

compatibility. The applications of silicon in 

extracorporeal equipment are going on 

today. Several respects [3] 

hemocompatibility testing suggest that 

platinum-cured silicone tubing may be 

superior to PVC. 

2.6. Aesthetic Implants 

For over 40 years Silicones have 

been used extensively in aesthetic and 

reconstructive plastic surgery and still 

continuing. In implanted prosthetics silicone 

elastomer is used in various descriptions. 

These implants are widely used in breast, 

scrotum, nose, calf, cheek, chin and 

buttocks. Some of these devices may also 

utilize a softer –feeling material known as 

silicone gel. The gel is a lightly cross-linked 

silicone elastomer, without any silica 

material, that is swollen with 

polydimethylsiloxanefluid. The gel is 

enclosed in elastomer shell in testicular, chin 

implants and breast. Silicone breast implant 

is the most prominent one of these aesthetic 

devices. Transplanting of lipoma to a breast 

in order to correct the defect resulting from 

the removal of fibro adenoma was reported 

by Czerny in 1895[3].Widely without any 

definite safety apprehension or allegation 

critical of it ,another silicone gel-filled 

implant was sweep up into the evolution of 
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breast implants. These implants are 

recommended to the patients having 

physiological stress related to testicle loss 

due to cancer, traumatic injury or those 

absent at birth. However these materials are 

widely used in aesthetic implants. 

CONCLUSION 

Silica materials can be widely used in 

the medical field due to their excellent 

properties including chemical and thermal 

stability, biocompatibility and bio durability, 

hemocompactibility, low surface tension, 

gas permeability, porous surface. It is widely 

used in medical field such as drug delivery, 

Cell imaging, Bone repairing, Aesthetic 

implants, Extracorporeal equipment .These 

materials has been used since 1824 and still 

continuing. 
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