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Abstract
Surfactants are an extraordinary class of versatile amphiphilic compounds which have a spatially distinctive polar hydrophilic
head and non-polar hydrophobic tail group. Due to its amphiphilic nature and unique feature of decreasing the interfacial
tension, the surfactant is widely used in every walk of life such as individual care products, domestic cleaners, pharmaceuticals, oil recovery, food handling, and nanotechnologies. This review article will focus on the classification of surfactants,
mechanism of action, antimicrobial functions, and especially emphasize the role of surfactants in pharmaceutical product
development. Several, other practical application zones that are demonstrated in terms of foods and gene therapy, biological
systems, health, and personal care products, petroleum and mineral processing are also briefly discussed.

Introduction
Surfactants are surface-active compounds having the ability
to decrease surface and interfacial tension at the interfaces between gases, liquids, and solids, thus enabling them to blend or
diffuse voluntarily like emulsions in water or other liquids. The
massive surfactant demand is currently fulfilled by several petroleum-based chemical surfactants. These compounds are nonbiodegradable and usually toxic to the environment[1].
Surfactant molecules structurally consist of two portions. One portion is hydrophilic in nature and soluble in an
aqueous medium, while the second portion is lipophilic, which
is soluble in oil but insoluble in an aqueous medium. Structurally these two groups are contradictory in directions but their ends
are linked to the same molecule, developing an asymmetric and
polar structure. The structure is commonly expanded to “parent
structure” (Amphiphilic structure)[2]. The molecules of surfactant possess amphiphilic arrangement providing an allurement
for both water and oil as indicated in (Figure 1). Usually, the
hydrophilic group possesses -SO3H, - COOH, and a polyoxyethylene chain; while lipophilic group normally possesses -CF2,
-CF, - Si, and a polyoxypropylene chain. In surfactant molecules, the hydrophilicity and lipophilicity alter with molecular
composition and arrangement. For example, when the lipophilic
group is weaker than the hydrophilic, the surfactant becomes
water-soluble and it becomes oil-soluble surfactant when a lipophilic group is stronger than hydrophilic part. Both water-soluble and oil- soluble yields a significant physio-chemical consideration of surfactant use. It is a significant source for a realistic
surfactant’s choice[3].

The surfactants play an active part in the designing and
manufacturing of industrial and customer products, comprising
cosmetics, detergents, paints, paper products, and pharmaceuticals[4]. Surfactants are employed too as emulsifiers throughout
the conventional recovery of oil from deeply sited wells of oil[5].
The last few decades displayed an enormous curiosity
in work related to the synthesis of surfactants from natural products such as sugar-based surfactants fatty acids[6-8] and sterols[9].
These surfactants are fascinating as they usually are effortlessly
biodegraded[10]. As compared to conventional surfactants, the demand of newly synthesized surfactants having additional properties is increasing at the industrial level. Moreover, a tendency
to employ renewable natural products instead of toxic chemicals
such as petrochemicals is also getting more attention.
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The new period of global industrialization forces to
change the traditional industries to adopt new developing technologies such as biotechnology, which possesses compelling
advantages, and also provide many research opportunities. In
1980, the world market of the biotechnology was US $25 million which immensely grows to approximately US $1.7 billion
in 1992 and is predicted to increase further than the US $500
billion through the century end[11].
Mainly an inordinate contribution of industrial chemicals broadly employed in nearly all zone of modern industry is
established by surfactants. During this period, the surfactant demand increased by approximately 300% within the chemical industry of the US[12]. Recent extensive production surpasses thirty lac tonnes annually (at a predictable price of US $4 billion)
and is predicted to expand over forty lac tonnes through the end
of the century[13,14]. Approximately, 54% of the total surfactants
produced are employed in domestic / washing detergents, while
32% are only designed for industrial applications. Synthetic
surfactants, mostly petroleum-derived, are the most abundant
commercially available surfactants. Though, quick progress in
biotechnology and improved ecological consciousness among
customers, joint with the estimated different rule, has delivered
additional stimulus for thoughtful deliberation of biological surfactants as promising substitutes to current yield[1]. The structure
of a surfactant is shown in (Figure 1).

structural types of surfactants are produced, which cannot simply be produced by chemical processes. These particles may be
tailor-made to garb different functions by altering the substrate’s
growth or growth settings[19]. Biosurfactants are both biodegradable that is a positive biological feature[20-23] and non-toxic or
less toxic as compared to chemical surfactants[24-27]. They ascend
in soil certainly marks them adequate from a societal and biological point of view.
Classification of surfactants
Anionic surfactants: The anionic surfactants are liquefied in
water producing the negatively charged surface-active group,
whose aqueous solution is neutral or alkaline[28]. Based on the
type of anionic surfactants, hydrophilic groups may be classified
into five peptide condensates, namely: phosphate ester, fatty acid
salt type, sulfate salt type, sulfonate, and carboxylic acid salt
type. Anionic surfactants are the initial and most developed, and
the leading class in several forms of surfactants. They may be
broadly employed as foaming agents, antistatic agents, dispersants, detergents, emulsifiers, and stabilizers in the biochemical
features of life[29]. The structure of anionic surfactant is shown
in (Figure 2)[30].

Figure 2: Linear alkyl sulphate (Anionic surfactant)

Figure 1: The structure of surfactant

Synthetic Surfactants and Biosurfactants
Surfactants are amphiphilic molecules having the domain of
both hydrophilic and hydrophobic groups. The hydrophobic
(non-polar) part is commonly a hydrocarbon chain and the polar
part works in various modifications mode[15]. Ethylene, propylene oxide, sorbitan esters, ethoxylates, and copolymers are the
most common non-ionic surfactants. Examples of commercially
available ionic surfactants are sulphates (anionic) or ester sulphonates, quaternary ammonium salts (cationic) and fatty acids.
Those microbial compounds that mostly show higher surface
area and emulsifying activity are classified as biosurfactants.
Biosurfactants are fundamentally different compounds which
are prepared primarily through hydrocarbon-utilizing microorganisms revealing the activity of the surface. Biosurfactants may
be formed using moderately modest and low-cost processes and
substrates[16-18].
By using biological systems, approximately different
Ashok kumar J. et al.

Cationic surfactants: Cationic surfactants are liquefied in water producing positive ions of the surface-active group. They
possess great superficial action in an acidic medium and are expected to show swift and drop action in an alkaline medium.
Based on chain arrangement, cationic surfactants are classified
into open-chain cationic surfactants, heterocyclic group cationic
surfactants and bonded intermediate connection cationic surfactants. Cationic surfactants are extensively employed for corrosion, rust, breaking, mineral flotation, and sterilization[31]. The
generalized form of cationic surfactant is shown in (Figure 3)[32].

Figure 3: Esterquate cationic surfactant

Non-ionic surfactants: Nonionic surfactants are not ionized
into any ions in an aqueous medium, and a high quantity of
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oxygen-containing groups form hydrophilic, accomplishing
suspension through hydrogen bonding with water. Commonly
non-ionic surfactants are existed both in liquid and slurry form,
and their aqueous solubility reduces with temperature elevation.
Non-ionic surfactants possess distinct physicochemical features
from ionic surfactants due to their fundamental properties. Hydrophilic groups are classified into four types like polyhydric alcohols, polyethylene glycol type, glycosidic type, and polyether
type. Non-ionic surfactants are broadly employed in the paper,
textile, food, fiber, plastic, glass, medicines, dyes, pesticides,
and many other productions. As compared to ionic surfactants,
they show excellent performance; produced in higher amounts
after anionic surfactants[33]. The general structure of non-ionic
surfactant is shown in (Figure 4).

Figure 4: Ester of fatty alcohol (Non-ionic surfactant)

Amphoteric surfactants: Amphoteric surfactants possess both
positive and negative ions. According to the anion type, amphoteric surfactants may be classified into lecithin, betaine, imidazoline, and amino acid- type. Amphoteric surfactants have minimal toxicity. It is moderate to the skin and possesses excellent
biodegradability. Amphoteric surfactants have varied uses in the
personal defending tools like shower gel, shampoo, cosmetics,
etc. and also may be employed in industrial softeners and antistatic agents.
Speciality surfactants: Speciality surfactants possess various
distinct features, which are lacking in conventional surfactants.
The most important species is the fluorocarbon surfactant, which
has high thermal stability, high chemical stability, and excellent
surface activity in abundant varieties with a conventional surfactant exceptional part. Therefore, they are generally employed in
the textile, fire protection, mineral processing, paper, pesticides,
leather, and chemical industries. Moreover, Tin (Sn), Thallium
(Ti), and Germanium (Ge) elements are also employed to enhance the molecules of surfactant[34].
Macromolecule surfactants: Commonly such surfactants raise
to polymeric surfactants whose comparative molecular mass is
higher than 10000, holding a surface-active element. Based on
natural sources, they may be classified into natural, modified natural material and composing types[34]. Polymer surfactants may
be applied as a gelling agent, thickener, emulsifier, fluidity-improving agent, antistatic agent, and dispersing agent. It has been
known as a significant participant of the surfactants intimate.
Preparation of surfactants by a Fermentation process
Acylpolyols: Acylpolyols synthesized via fermentation are
generally hydroxy fatty acids attached to disaccharides by ester bonds. They are extracellular compounds produced through
actinomycetes like Mycobacterium, Corynebacterium, and Breibacterium[35]. The acyl polyols are present in higher quantity in
bacterial cell walls.
Glycolipids: Glycolipids are commonly hydroxy fatty acids
associated with sugar through a glycosidic bond. Sophorolipids
www.ommegaonline.org

and rhamnolipids are the clear examples produced through Candida and via Pseudomonas, correspondingly. Rhamnolipids are
smart due to which they may be proficiently formed throughout development on both carbohydrates and hydrocarbon as the
single source of carbon. There has been significant attention in
rhamnolipid’s molecular genetics[36].
A sucrose lipid formed through Serratia marcescens has
recently been quarantined and characterized[37]. The yield was
established to be an excellent emulsifier for an inclusive variety
of hydrocarbons with crude oil. It has been also recommended as
a surfactant to clean the oil tanks.
Acyl peptide: Acyl peptide (lipopeptides) is commonly known
as cyclic compounds established on a short peptide chain and a
hydroxy acid. Bacillus subtilis was used for the production of
the most searched compound known as Surfactin[38,39]. Acyl peptide, as Lichenysin and Surfactin synthesized through Bacillus
licheniformis, are proficient amphiphiles when it decreases the
surface tension, etc. Surfactin is known as one of the rare biosurfactants which have established the commercial application.
It is reprocessed in different ways to employ for pharmacological purposes. The only two biosurfactants which provide some
controlling evidence are rhamnolipids and Surfactin, and their
molecular genetics has also been studied.
Mechanism of Action of Surfactants
Surfactants can show its action in three different ways:
Roll-up procedure: The surfactant drops the oil/solution and
fabric/solution interfacial tensions and boosts the fabric’s stain
in this way.
Emulsification: The surfactant sinks the oil solution interfacial
tension and prepares simple oil emulsification.
Solubilization: By interface with the surfactant micelles in a
solvent (water), a constituent freely liquefies to make a constant
and pure solution.
Surfactants are also widely known as wetting agents
and foam formers. Surfactants are not only employed for making emulsion but also aids in eliminating fabric dirt / stains. Surfactants lower the surface tension of the medium in which it is
melted. The surfactant plays a significant part in the entrapping
oil phase through sinking the interfacial tension among interfaces or two media (such as stain / fabric, water / stain, air / water).
The water lowers the surface tension and marks it simple to buzz
oil that would be the source of washing dirt and lubricate dull
dishes, garments, and other exteriors, and support to retain those
oily dust or grease deferred in the water hence developing emulsions. The hydrophilic head or water-loving rests throughout the
water, and it jerks the oil in the direction of the water.
Role of surfactants: Surfactants play a significant role in the
preparation of different drug delivery systems. For the preparation of compounds which are not entirely soluble in an aqueous
medium, pharmaceutically tolerable surfactants or co-solvents
are classically used to enhance solubility. Polymeric micelles
prepared through surfactants possess a complete set of unique
features that mark them right favorable carriers of the drug for
a wide variety of drugs. The poor solubility in biotic solutions
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exposed through approximately 50% of the drugs quiet rests the
restriction in various routes of administration such as oral, transdermal, and parenteral. Amid the current approaches to overawed such problems, the encapsulation of hydrophobic drugs
into polymeric micelles that consists of surfactants are unique
smartest substitutes. A significant role is played by surfactant
both in pharma and non-pharma field. Comprehensive research
of surfactant inclusion and action in the medical field would disclose a wide variety of its potential in tonic usage. Tapering the
research on each surfactant would assist in the medical science’s
field on the way to an enhanced treatment for numerous complaints.
A surfactant such as pulmonary surfactant ensures
significant implications beyond decreasing surface tension and
modifying mechanical features which cause reduced animation
of work. For example, the epithelium of lung is in continuous
contact with the atmosphere and surfactant protects against infection via improving the pathogens’ elimination, modifying the
inflammatory cell’s response, and raising the biophysical action
of the lung. Hydrophilic proteins that play a minor role in the
synthesis of surfactant has an excellent impact on antimicrobial
activity. Though surfactant is a well-known RDS’ (respiratory
distress syndrome) treatment in preterm infants, around has been
no substantial clinical value for the usage of exogenous the surfactant in adult patients with ARDS (acute respiratory distress
syndrome) so far. Advance studies are vital to be performed to
search the surfactants’ opportunity by way of an immune-modulating therapy or planning small molecules which control the accessibility of surfactant constituents in respiratory disorders[40].
Surfactants also play an essential role in controlling the
the particle size of the polymeric nan- particulate system such as
nanocapsules having penicillin-G in double emulsion synthesis;
categorization and discharge of drug-loaded polybutyl adipate
(PBA) nanocapsules with penicillin-G are discussed here. The
nanocapsules were prepared by exhausting a technique such
as double emulsion solvent evaporation, exhausting span, and
tween as surfactants while dichloromethane as an organic solvent. Penicillin-G loaded nanocapsules with small quantities of
both surfactants tend to possess higher burst discharge. The entrapment of penicillin-G may rise to 60%, and the release of the
burst may also drop beneath 45% under optimum formulation
conditions. In this situation, the point in which the nanocapsules
possess merely 130 nm width will be significant[41]. The forces
acting in micellar foam are shown in (Figure 5)[42].

Figure 5: Structural forces in foam film (micelle)

Antimicrobial Function of Surfactants
Bacteria: Surfactant protein (SP-A and SP-D) are the hydrophilic proteins which play a dynamic role in the protection of
host by stopping the growth of bacteria, simplifying uptake
of bacteria through host cells, and accumulating and opsonizing pathogens[43]. These surfactant proteins may attach to both
gram-positive and gram-negative bacteria. LPS resulting from
K. pneumonia, E. coli, P. aeruginosa and Legionella pneumophAshok kumar J. et al.

ila[44-48] may be interrelated by SP-A and / or SP-B, which subsequently results in adhesion, improving uptake of the pathogen,
and inhibit growth. Furthermore, the surfactant proteins attach
with peptidoglycan, a cell wall component of gram-positive bacteria derived from Staphylococcus aureus[49] and Streptococcus
pneumonia[50,51], as well as Mycobacterium avium, Mycobacterium tuberculosis, and Mycoplasma pneumonia to improve
phagocytic uptake and stop their progress[52].
Fungi: SP-A and SP-D can attach to a multiple of fungi, typically compliant pathogens, to simplify phagocytosis and agglutination the process through host cells. Animal researches establish
that pulmonary collectins (SP-A and SP-D) improve the cell
membrane permeability of H. capsulatum, preventing directly its progress[53]. They also bind to A.fumigatus, Blastomyces
dermatitidis, Coccidioides posadasii, Cryptococcus neoformans
and Pneumocystis jiroveci(carinii)[54-60] which causes in agglutination and increase awareness. Notably, such consequences
seem to be specific to the microbe, by way of inter- relating of
pulmonary collectins to Candida albicans inhibits phagocytosis
through alveolar macrophages whereas quiet stopping the fungi
growth[61,62].
Virus: Pulmonary collectins (SP-A and SP-D) attach to viruses
to expedite the elimination of the pathogen. Viruses are unique
as compared to other numerous microorganisms in a way that
they necessitate arrival into the cells of the host to reproduce.
Because of SP-A and SP-Dexistences in the layer of mucus and
surface of alveoli, they are in a good position to stop epithelial
cells infection via agglutination, viral neutralization, and improved phagocytosis. SP-A and / or SP-D attach to hemagglutinin and neuraminidase of influenza A virus to stop their action[63].
Surprisingly, the pandemic influenza viruses’ hemagglutinin
possesses a poor capability of attaching activity for surfactant
protein D as associated with that of a seasonal influenza strain[64].
Pulmonary collectins also predicament to viruses’ glycoproteins,
such as HIV RSV[65-67] and severe acute respiratory syndrome
coronavirus[68]. Current studies specify that besides pulmonary
collections, the surfactant lipid constituents also constrain the
RSV infection[69].
Application of Surfactants
Surfactants as enhancers for percutaneous immersion: The
molecules’ permeation over the skin may be improved through
the usage of assured adjuvant acknowledged as enhancers. By
disarranging the layer of lipid of the stratum corneum and by
keratin’s denaturation, ionic surfactants improve transdermal
absorption. Enhancers may improve drug permeation as the stratum corneum swell and / or leak few of the structural components, therefore decreasing the diffusional conflict and improving the permeability of the skin.
One of the most excellent and well-organized enhancers of percutaneous absorption is azone. It significantly expands the synthesis of hydrophilic and hydrophobic compounds,
the latter to a small grade. A promising action of azone is its
fluidization of the intercellular lipid lamellar area of the stratum
corneum. Azone is a precise nonpolar molecule that reaches the
bilayers of the lipid and interrupts their structure. In divergence,
dimethyl sulfoxide (DMSO) a powerful dipolar solvent, arrives
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at the aqueous area and interrelates with the lipid polar heads to
procedure a huge solvation shell and increases the hydrophilic
area amid the polar heads. Due to this, lipid fluidity is improved
by both azone and DMSO, therefore decreasing the hurdle of the
lipid barrier to the dugs’ diffusion. The permeability of drugs is
also enhanced by alcohol derivatives of N, N disubstituted amino acids, and hexamethylene lauramine[70].
Surfactants as flocculating mediators: To delay sedimentation
of the floccules, a suspending agent is added regularly. These
mediators are carboxymethyl cellulose, veegum, carbopol 934,
tragacanth, or bentonites that are used both in single and combination state. It can cause incompatibilities, relying on the initial
charge of the particle and the charge passed through the flocculating mediator and the suspending mediator. Through the incorporation of an anionic electrolyte like monobasic potassium
phosphate, flocculating a positively charged particles are completed[71].
Surfactants in mouth washes: The aqueous solutions, mouthwashes are frequently in the strenuous state comprising of one
or more active constituents or excipients. They are employed
via spinning the fluid in the oral cavity. Mainly for two purposes, mouthwashes may be employed such as cosmetic and therapeutic. Cosmetic mouthwashes can be synthesized to decrease
lousy smell by the application of flavoring and / or antimicrobial
agents. While therapeutic mouth rinses may be synthesized to
decrease gingivitis, plaque, stomatitis, and dental caries. Surfactants are employed as they assist in the debris’ exclusion via
delivering foaming action and in the flavors’ solubilization[72].
Surfactants in respiratory distress therapy: To treat premature infants who are suffering from syndrome-like neonatal respiratory distress, which is also known as hyaline membrane
disease, surfactant preparations are employed as a replacement
therapy. In the US, around about 20% of the 250,000 premature
born babies are suffering from such pulmonary disorder annually and accounts for 5000 deaths each year. A considerable shortage in the endogenous lung surfactant is the main contributing
factor to the respiratory distress syndrome’s pathology. To assist
the exchange of gas for either prophylactic or rescue treatment
of neonatal respiratory misery condition, the preparations of
lung, surfactants is employed in mixture with additional oxygen
and motorized ventilation. The exogenous surfactants are either
produced or derived from animals[73].
Surfactants in suppository bases: Numerous nonionic surface-active agents, meticulously associated chemically to the
polyethylene glycols, have been established as suppository vehicles. Several such bases may be employed for preparing both
oil-soluble and water-soluble drugs. Sorbitan fatty acid esters
(Span and Arlacel), polyoxyethylene stearates (Myrj), and the
polyoxyethylene sorbitan fatty acid esters (tween) are most commonly used surfactants in suppository preparation. Carefulness
might be implemented in surfactant usage with drugs. Many
reports are representing enhanced absorption rate of drug, and
other reports displaying communication of such surface-active
agents with drugs and the resultant reduction in treatment action.
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Surfactants in suspension aerosols: The surfactants and aerosol suspensions combination have been the highest prosperous.
These surfactants use their action by coating all of the particles
in suspension and turn at the solid-liquid interface. Agglomeration is condensed; thus, stability decreases if a physical barrier
is provided. Rendering to the examinations approved through
Young, Thiel, and Laursen[74] nonionic surfactants were considered to be the highest useful surfactants as related to other surfactants type. All such surfactants like sorbitan trioleate possessing an HLB less than 10 might be employed for dispersions of
aerosol. Sorbitan sesqioleate, sorbitan monooleate, and sorbitan
monolaurate are other agents that were found to be useful[75].
Surfactants in water-based aerosols: Comparatively, high
water quantities may be used to substitute completely or partly
non- aqueous solvents used in aerosols. These yields are referred
mostly as water-based aerosols and relying on the preparation
they are released either by way of foam or spray. For the formulation of a spray, the preparation must comprise a dispersion
of active constituents and added solvents in an emulsion system
where the external phase is propellant. In such a manner, when
the yield is distributed, the propellant evaporates and separates
the active constituents into small particles. Meanwhile, water
and propellant are immiscible, three-phase aerosol forms (water
phase, propellent phase, and vapor phase).
To synthesize a suitable homogeneous dispersion, surfactants have been applied to a high level. Both low aqueous
soluble surfactants and high soluble surfactants in nonpolar solvents have been found highly beneficial. Long-chain fatty acid
esters of polyhydroxylic compounds containing glycerol, glycols, and sorbitol esters of stearic, oleic, palmitic, and lauric acid
represent this sequence. Generally, surfactant approximately
0.5% to 2.0% is used. The content of propellent fluctuates from
25 to 60%, however, it may be as low as 5%, depending on the
nature of the product.
Surfactants for contact lens cleaning purposes: As cleansers
surfactants act, that emulsifies inorganic compounds, lipids and
stored oils over contact lenses. Surfactant agents are exploited
within an automatic device of washing and also through employing numerous drops of solution on the surface of the lens
and moderately rubbing the lens backward and onward through
thumb and forefinger or through placing the lens in the hand
palm and rubbing gradually through a fingertip (approximately
20 to 30 seconds). The constituents in such cleansers typically
contain a wetting agent, nonionic detergent, preservatives, and
buffers[76].
Surfactants in hard gelatin capsules: Aguiar et al. analyzed
the dissolution of benzoic acid having low solubility presented
as a free powder, and the same powder occupied into size 00
and 1 capsule respectively. The slowest rate of dissolution was
found with the size 1 capsule where mostly the powder is firmly
crammed. They stunned this problematic through the addition
of polyol surfactant approximately 0.5% into the preparation.
This highly enhanced the rate of dissolution that they presented
was because of proliferation in the rate of disaggregation of the
substance. Hydrophobic compounds have to be involved uncertainty in preparations due to necessities of filling machine, their
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harmful effect on the release of the drug may be overwhelmed
through the accumulation of wetting agents, surfactants at 0.10.5% levels[77].
Surfactants as emulsifying agents: The lipophilic protein of
the molecule in a surfactant is commonly secretarial for molecule surface activity. Due to their different ionic charges, both
cationic and anionic agents are likely to counteract each other
if existing in a similar system and are therefore deliberated irreconcilable with each other. O/W emulsions are formed by few
members of such group and others w/o emulsions depending
upon their nature. Anionic emulsifiers contain several monovalent, polyvalent, and organic soaps like triethanolamine oleate
and sulfonate like sodium lauryl sulfate, benzalkonium type of
emulsifier. Nonionic type agents contain derivatives of polyoxyethylene and sorbitan esters. The surfactant’s ionic nature is
a vital assurance for the selection of surfactants suitable for the
formation of an emulsion. At pH range 3 to 10, nonionic surfactants are useful while at pH range 3 to 7, cationic surfactants
show maximum effect, and anionic surfactants necessitate a pH
which is higher than 8[78-80].
Surfactants as cerumen removing solutions: Cerumen is a
permutation of the secretions of sweat and sebaceous glands of
the external auditory canal. A sticky semisolid is formed by the
secretions if permitted to dehydrate that grips ragged the epithelial cells, collapsed hair dust and further external particles that
mark their approach into the ear canal. A casual gathering of cerumen in the ear can result in pain, itching and impaired hearing
and is a restrictive to otologic checkup.
Over the centuries, hydrogen peroxide and light mineral oil have been usually employed mediators to relax obstructed
cerumen for its exclusion. Lately, synthetic surfactant solutions
have been established for their cerumenolytic action in ear wax
elimination. Triethanolamine polypeptide oleate-condensate
is one of these agents which is prepared commercially in propylene glycol, is employed for the cerumen emulsification, thus
assisting its exclusion (Cerumenex drops). Additional commercial yield uses carbamide peroxide in glycerin/propylene glycol
(Debrox drops). On interaction with the cerumen, oxygen is discharged by the carbamide peroxide that interrupts the reliability
of the impacted wax, permitting its removal effortlessly[81].
Surfactant inducing drug absorption: Surfactants affect the
absorption of the drug from the gastrointestinal tract in humans.
The membrane function and reliability can be interrupted hypothetically by the monomers of surfactant. Therefore, this disrupting effect of the membrane would incline to improve the
penetration of drug and immersion through the gastrointestinal
barrier. Drug absorption inhibition can arise as a significance of
a drug being assimilated into surfactant micelles. If this type of
micelles of the surfactant are not fascinated, which seems to be
typically the case, and then solubilization of drug can cause a decrease in free drug absorption in solution in the gastrointestinal
fluids that are accessible for fascination. Drug absorption inhibition in the existence of micellar surfactant concentrations would
be predictable to arise in the case of drugs that are usually solvable in the gastrointestinal fluid, in surfactant absence. Still, in
low soluble drugs condition whose absorption is dissolution rate
Ashok kumar J. et al.

limited, the enhancement in drug overload solubility through
solubilization in micelles of surfactant could cause in the quick
and fast dissolution rate of drug and therefore absorption. High
surfactant quantities above which essential to solubilize the drug
could reduce the absorption of the drug through reducing the
chemical potential of the drug. Release of low soluble drugs
from hard gelatin capsules and tablets can be improved through
the surfactant insertion in their preparations[82,83].
Surfactant in drug absorption from rectal suppositories:
Riegalman and Crowell have presented that the rate at which
the drug distributes to the suppository surface depends on the
size of a particle of the suspended drug, and the existence of
surface-active agents are the reasons which affect the release of
drug from suppositories[84]. Surfactants can both rise and decline
the absorption rate of the drug. For example, the absorption of
sodium iodide is enhanced in surfactants presence and seems to
be proportional to the relative surface tension dropping of the
vehicle. Furthermore, Riegelman and Crowell identified that increase the absorption of sodium iodide might be too accredited
to the peptizing mucus action of the vehicle. The rectal membrane is enclosed through a continuous blanket that can be extra freely splashed via colonic solutions which have decreased
surface tension. The action of cleaning produced through the
surfactant-containing vehicle can form other pore spaces accessible for drug absorption, therefore assisting the drug movement
through the barrier of the rectal membrane. In phenol-type drugs
case, the rate of absorption is reduced in the existence of surfactant, may be due to the creation of complex between a drug and
surfactant.
Surfactants used in transdermal penetration of drugs: The
penetration of drugs over the skin may be affected by surfactants. Sarpotdar and Zatz examined the lidocaine penetration
over the hairless skin of mouse in vitro from vehicles comprising
different combinations of polysorbate 20 and propylene glycol.
The most appropriate and excellent solvent used for lidocaine is
propylene glycol that decreases its segregating into the stratum
corneum, dropping the penetration rate. In this research study,
the effect of the surfactant is influenced by the concentration of
propylene glycol in the vehicle. The flux reduction for 40% w/w
concentration of propylene glycol can be clarified through solubilization of micellar of the lidocaine. It is typically presumed
that the free drug has only the ability to penetrate the skin.
Therefore the micellar solubilization of lidocaine decreases the
vehicle thermodynamic activity and delays its penetration. At a
maximum concentration of propylene glycol (60% and 80%), a
rise in flux was detected, probably due to an interaction formed
between surfactant and propylene glycol[85].
Surfactants in microbiology: Surface active agents such as
quaternary ammonium compounds are those compounds which
have antibacterial activity in themselves. On the cell surface, the
agents are adsorbed and bring about destruction by enhancing
the leakiness or permeability of the cell membrane of the lipid.
By damage of vital resources from the cell, death then occurs.
Both gram-negative and gram- positive organisms are liable to
the action of the cationic quaternary compounds, while grampositive organisms are further condemned effortlessly through
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anionic agents as compared to gram-negative bacteria. As antibacterial agents, nonionic surfactants are slightly active and
productive. They, frequently obstruct the growth of bacteria; apparently through giving a long fatty acids chain in a form which
is digested easily through organism.
Ore floatation: On a liquid medium, the floatation of solid particles mainly relies on the angle of contact that may be altered
through surfactant addition. The demonstration of acquainted
fundamental chemistry comprises forming a float of the needle
on the surface of water via coating it in wax. Continuous accretion of a household detergent drops the needle. The moralities
are the equivalent as the crude mineral ores treatment through
flotation, for that a minor quantity of collector oil is added
throughout the slurring and grinding phenomena. The collector
oil, which is an anionic, cationic, or non-ionic surfactant, turns to
modify the ore particles wettability. Thiophosphates and organic
xanthates and are mostly employed for long-chain fatty acids for
oxide and carbonate ores and sulfide ores. In exercise, a foaming
agent has commonly added also hence when air is passed over
the suspension the ore particles unit to the bubbles of air. After
that the particles of ore float to the surface whereby the process
of skimming, they are recovered. This type of floatation is too
employed as a purification technique for sewage and sludges[86].
Surfactants and detergency: Detergency is the action of the
surfactants, which causes assistances in the elimination of foreign particle from the surfaces of solid via adsorbing at interfaces and decreasing the energy required to effect the exclusion.
Generally, most effective wetting agents are those who quickly
diffuse and adsorb at suitable interfaces. Soap, a surface-active
fatty acid salt comprising a minimum of eight carbon atoms[87]
has been applied as a detergent for an extended time. Generally,
soap has been acquired through the saponification of glyceride
oils and fats with NaOH or KOH, yielding glycerol as a byproduct. The outstanding detergents in nature are soaps; however agonize from their sensitivity to acid pH and the existence
of water hardness (Ca2+ and Mg2+ ions), producing soap foam.
Though the detergent usage designers will recompense for such
shortage, soaps have been fundamentally substituted through the
commercial detergents. The bulk of manufacturing surfactant is
enthusiastic to those constituents which are intermingled into the
preparation of synthetic detergent.
Drag reduction: This sensation is fundamentally related to the
multifold skill. Solutions of drag-reducing additives are typically visco elastic fluids possessing complex rheological features. Determining the features of drag-reduced turbulent flows
demands for exclusively premeditated experimental and arithmetical model procedures and extravagant hypothetical deliberations. Appropriately accepting the mechanism of turbulent drag
reduction needs grasping the turbulence basics and developing
an appropriate connection between turbulence and the rheological properties persuaded through additives. Stimulating the drag
reduction phenomenon applications necessitates the information
from diverse areas like municipal engineering, mechanical engineering, chemical engineering, and so on. Li, F.C., et al. offers a
detailed explanation of the turbulence features and theories, rheological behaviors, special procedures and application issues for
www.ommegaonline.org

drag-reducing flows via surfactant additives assembled on the
state- of-the-art of scientific study outcomes by theoretical evaluates, numerical simulations and recent experimental studies[88].
Gene therapy: The idea of gene therapy is to substitute unreliable or misplaced genes with well DNA carried into the cells
through a carrier, known as a vector, in a transfection process.
Commonly a positive charge is present on vectors that permit
the DNA (negatively-charged) to pass over the hydrophobic
membranes. Though, forecasting how effective a vector will be
has been problematic. Verrall set out to explore how this might
be enhanced. The set examined the interactions produced between DNA and synthetic vectors are known as Gemini surfactants. Gemini surfactants are lipids with two hydrocarbons, each
linked to an ionic group, chemically associated through a spacer.
These doubled-up surfactants have extraordinary transfection
productivities; every molecule of lipid has double the positive
charge of a single surfactant, permitting attaching to DNA at minor concentrations. It was found by Verrall’s group that DNA is
filled firmly through the surfactants and that the surfactant-DNA
complexes form on the arrangement of surfactant. They also indicated that there is a relationship between the efficacy of gemini
surfactant’s transfection and a complex’s arrangement[89].
Surfactants in nanotechnology: Having amphiphilic character
permits self-assemble molecules of surfactant into variations
of nanostructures from spherical/rod likes micelles to lamellar
sheets. It is promising to plan a platform of surfactant proficient
of solubilizing a higher quantity of oil whereas antagonistically
water moistening the covering via using surfactant nanotechnology. By exhausting mixtures of surfactant, it is easy to make
in-situ o/w microemulsions, permitting surfaces to be water
damp. It may permit the removal of contaminated solvents[90].
Analogous processes in biological membranes: Information
on the solubility of antioxidant in reverse interfaces can assist in
informing and recognizing the equivalent procedures in biological membranes. The reverse micelles are made, such as when a
surfactant (Sodium bis (2-ethylhexyl) sulfosuccinate known as
AOT) that can produce the reversed micelles in non-polar solvents[91]. The AOT molecules capability for aggregates outcomes
from the mutual act of spatially disconnected hydrophilic and
hydrophobic moieties of such surfactant. These aggregates are
made as like interior cores filled through the hydrophilic headgroups coated through the hydrocarbon ends that are prolonged
into non-polar solvent bulk. It has been exposed that the unusual
the ability of AOT reversed micelles for a considerable quantity
of water relies on the temperature and adjacent nonpolar medium (solute)[92].
Geometry parameters of micelles: Dynamic Light Scattering
will employ to discover the geometry factors as the hydrodynamic the radius of the micelles as well as the same evidence
about their movement by diffusion coefficient. Dynamic Light
Scattering (DLS) acts through evaluating the intensity of light
disseminated through the sample molecules as a function of
time. Once the light is dispersed through a particle or molecule,
few of the incidents light is disseminated. The quantity of scattered light would be persistent in case if the molecule were in a
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stationary position. Though, meanwhile, all solution molecules
diffuse with Brownian motion in relative to the indicator, there
will be intervention (constructive or destructive) that results in
a modification in light intensity. By calculating the time scale
of intensity of the light variabilities, DLS may deliver data concerning the size distribution, average size, and polydispersity of
molecules and particles in solution.
Conclusion
Surfactants are surface-active compounds possess the capability of decreasing surface and interfacial tension at the interfaces between gases, liquids, and solids and show a vital role in
the establishment and development of different pharmaceutical
products by acting as dispersants, detergents, foaming agents,
wetting agents and emulsifiers. They have many applications,
such as eliminating dust from clothes, skin, and household objects mainly in kitchens and bathrooms, they are added. They
are highly applied at the industry level. Cationic surfactants
are extensively employed for breaking, corrosion, rust, mineral
floatation and sterilization. The usage of non-ionic surfactants
is extensively employed in the dyes, textile, pesticides, paper,
fiber, food, glass, plastic, medicines, and other industries. Similarly, amphoteric surfactants have diverse uses in the individual
protecting tools like cosmetics, shower gel, shampoo, etc. and
may also be applied in antistatic agents and industrial softeners.
Besides this, surfactants also perform antimicrobial functions as
they stop the nourishment of various pathogenic microbes such
like bacteria, fungi, algae, and virus, etc. and make the pharmaceutical preparations free of harmful microbes.

References
1.

2.
3.
4.
5.
6.

7.

8.

Banat, I.M., Makkar, R.S., Cameotra, S.S. Potential commercial applications of microbial surfactants. (2000) Applied microbiol biotechnol 53(5): 495-508.
Pubmed| Crossref| Others
Porter, M.R. Handbook of Surfactants. (2013).
Pubmed| Crossref| Others
Falbe, J. Surfactants in Consumer Products. (2012).
Pubmed| Crossref| Others
Piispanen, P. Synthesis and characterization of surfactants
based on natural products. (2002).
Pubmed| Crossref| Others
Shah, D.O. Surface phenomena in enhanced oil recovery.
(1981).
Pubmed| Crossref| Others
Rico-Lattes, I., Lattes, A. Synthesis of new sugar-based surfactants having biological applications: key role of
their self-association. (1997) Colloids and Surfaces A:
Physicochemical and Engineering Aspects 123: 37-48.
Pubmed| Crossref| Others
Balzer, D. Cloud point phenomena in the phase behavior
of alkyl polyglucosides in water. (1993) Langmuir 9(12):
3375-3384.
Pubmed| Crossref| Others
Folmer, B.M., Holmberg, K., Klingskog, E.G., et al. Fatty
amide ethoxylates: Synthesis and self‐assembly. (2001) J
Surfactants Detergents 4(2): 175-183.

Ashok kumar J. et al.

9.

10.

11.

12.
13.
14.

15.

16.
17.

18.

19.
20.

21.

22.

23.

Pubmed| Crossref| Others
Folmer, B.M., Svensson, M., Holmberg, K., et al. The physicochemical behavior of phytosterol ethoxylates. (1999)
Journal colloid interface sci 213(1): 112-120.
Pubmed| Crossref| Others
Gamia, M., Ribosa, I., Campos, E., et al. Ecological properties of alkylglucosides. (1997) Chemosphere 35(3): 545556.
Pubmed| Crossref| Others
Muller, A., Russell, G., Lucase, P. European Biotech’97. A
new economy The Fourth Annual Ernst and Young Report
on the European Biotechnology Industry Oxford Business
Publishing, Oxford. (1997).
Pubmed| Crossref| Others
Greek, B.F. Detergent industry ponders products for new
decade. (1990) Chemical & Engineering 68(5): 37.
Pubmed| Crossref| Others
Greek, B. Sales of detergents growing despite recession.
(1991) Chemical & Engineering News 69(4): 25.
Pubmed| Crossref| Others
Sarney, D.B., Vulfson, E.N. Application of enzymes to the
synthesis of surfactants. (1995) Trends Biotechnol 13(5):
164-172.
Pubmed| Crossref| Others
Georgiou, G., Lin, S. C., Sharma, M.M. Surface–active compounds from microorganisms. (1992) Bio/technology 10(1): 60.
Pubmed| Crossref| Others
Kosaric, N. Biosurfactants in industry. (1992) Pure and Applied Chemistry 64(11): 1731.
Pubmed| Crossref| Others
Lang,
S.,
Wullbrandt,
D.
Rhamnose
lipids–
biosynthesis, microbial production and application
potential. (1999) Appl Microbiol Biotechnol 51(1): 22-32.
Pubmed| Crossref| Others
Makkar, R.S., Cameotra, S.S. Biosurfactant production by
microorganisms on unconventional carbon sources. (1999)
J Surfactants Detergents 2(2): 237-241.
Pubmed| Crossref| Others
Fiechter, A. Biosurfactants: moving towards industrial application. (1992) Trends in biotechnology 10: 208-217.
Pubmed| Crossref| Others
Zajic, J., Guignard, H., Gerson, D. Emulsifying and surface
active agents from Corynebacterium hydrocarboclastus.
(1977) Biotechnol bioengineering 19(9): 1285-1301.
Pubmed| Crossref| Others
Shoham, Y., Rosenberg, M., Rosenberg, E. Bacterial degradation of emulsan. (1983) Applied environmental microbial
46(3): 573-579.
Pubmed| Crossref| Others
Oberbremer, A., Müller-Hurtig, R., Wagner, F. Effect of the
addition of microbial surfactants on hydrocarbon degradation in a soil population in a stirred reactor. (1990) Applied
Microbiol biotechnology 32(4): 485-489.
Pubmed| Crossref| Others
Kesting, W., Tummuscheit, M., Schacht, H., et al. Ecological washing of textiles with microbial surfactants. (1996)
Interfaces, Surfactants Colloids Eng 125-130.
Pubmed| Crossref| Others
page no: 79

Citation: Ashok kumar J. et al. Surfactants and their Role in Pharmaceutical Product Development: An overview (2019) J pharma pharmaceutics
6(2): 72-82.

24. Poremba, K., Gunkel, W., Lang, S., et al. Marine biosurfactants, III. Toxicity testing with marine microorganisms and
comparison with synthetic surfactants. (1991) Zeitschrift
für Naturforschung C 46(3-4): 210-216.
Pubmed| Crossref| Others
25. Poremba, K., Gunkel, W., Lang, S., et al. Toxicity testing
of synthetic and biogenic surfactants on marine microorganisms. (1991) Environmental Toxicol Water Qual 6(2):
157-163.
Pubmed| Crossref| Others
26. Van Dyke, M., Lee, H., Trevors, J. T. Applications of microbial surfactants. (1991) Biotechnol Adv 9: 241-252.
Pubmed| Crossref| Others
27. Flasz, A., Rocha, C., Mosquera, B., et al. A comparative
study of the toxicity of a synthetic surfactant and one produced by Pseudomonas aeruginosa ATCC 55925. (1998)
Med sci res 26(3): 181-185.
Pubmed| Crossref| Others
28. Schmitt, T.M. Analysis of surfactants. (2001) CRC Press.
Pubmed| Crossref| Others
29. Remington, J.P., Gennaro, A.R., Remington: the science and
practice of pharmacy. (1995) Easton, PA: Mack Publishing.
Pubmed| Crossref| Others
30. Helenius, A., McCaslin, D., Fries, E., et al. Properties of
detergents. (1979) Methods in enzymology 56: 734-749.
Pubmed| Crossref| Others
31. Kiran, K., Asad, M. Wound healing activity of Sesamum
indicum L seed and oil in rats. (2008) Indian J Exp Biol
46(11): 777-782.
Pubmed| Crossref| Others
32. Mishra, M., Muthuprasanna, P., Prabha, K.S., et al. Basics
and potential applications of surfactants-a review. (2009).
Pubmed| Crossref| Others
33. Zhang, W., Dai, X., Zhao, Y., et al. Comparison of the different types of surfactants for the effect on activity and
structure of soybean peroxidase. (2009) Langmuir.; 25(4):
2363-2368.
Pubmed| Crossref| Others
34. Yuan, C., Xu, Z., Fan, M., et al. Study on characteristics and
harm of surfactants. (2014) J Chemical Pharma Res 6(7):
2233-2237.
Pubmed| Crossref| Others
35. Haferburg, D., Hommel, R., Claus, R., et al. Extracellular
microbial lipids as biosurfactants. (1986) Bioproducts: 5393.
Pubmed| Crossref| Others
36. Sullivan, E.R. Molecular genetics of biosurfactant production. (1998) Current opinion in biotechnology 9(3): 263269.
Pubmed| Crossref| Others
37. Pruthi, V., Cameotra, S.S. Novel sucrose lipid produced by
Serratia marcescens and its application in enhanced oil recovery. (2000) J Surfactants Detergents 3(4): 533-537.
Pubmed| Crossref| Others
38. Kumar, P., Sharma, R., Gajbhiye, A. Characterization of
Biosurfactant from Bacillus Isolates as Antifungal Agent.
(2015) Indo Global J Pharmaceutical Sci (2): 117-123.
Pubmed| Crossref| Others
39. Sen, R., Swaminathan, T. Application of response-surwww.ommegaonline.org

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

face methodology to evaluate the optimum environmental
conditions for the enhanced production of surfactin. (1997)
Applied Microbiology Biotechnol 47(4): 358-363.
Pubmed| Crossref| Others
Han, S., Mallampalli, R.K. The role of surfactant in lung
disease and host defense against pulmonary infections.
(2015) Ann Am Thorac Soc 12(5): 765-774.
Pubmed| Crossref| Others
Morsy, S.M. Role of surfactants in nanotechnology and
their applications. (2014) Int J Curr Microbiol App Sci 3(5):
237-260.
Pubmed| Crossref| Others
Prud’homme, R.K. Foams: Theory: Measurements: Applications. (1995) Taylor & Francis.
Pubmed| Crossref| Others
Nayak, A., Dodagatta-Marri, E., Tsolaki, A.G., et al.
An insight into the diverse roles of surfactant proteins, SP-A and SP-D in innate and adaptive immunity.
(2012) Front immunol 3: 131.
Pubmed| Crossref| Others
Wu, H., Kuzmenko, A., Wan, S., et al. Surfactant proteins A
and D inhibit the growth of Gram-negative bacteria by increasing membrane permeability. (2003) Journal clin invest
111(10): 1589-1602.
Pubmed| Crossref| Others
Kabha, K., Schmegner, .J, Keisari, Y., et al. SP-Aenhances phagocytosis of Klebsiella by interaction with capsular
polysaccharides and alveolar macrophages. (1997) Am J
Physiol 272(2): L344-L352.
Pubmed| Crossref| Others
Kuan, S.F., Rust, K., Crouch, E. Interactions of surfactant
protein D with bacterial lipopolysaccharides. Surfactant
protein D is an Escherichia coli-binding protein in bronchoalveolar lavage. (1992) J clinical invest 90(1): 97-106.
Pubmed| Crossref| Others
Restrepo, C.I., Dong, Q., Savov, J., et al. Surfactant protein D stimulates phagocytosis of Pseudomonas aeruginosa
by alveolar macrophages. (1999) Am J Respir cell and mol
Biol 21(5): 576-585.
Pubmed| Crossref| Others
Sawada, K., Ariki, S., Kojima, T., et al. Pulmonary collectins protect macrophages against pore-forming activity
of Legionella pneumophila and suppress its intracellular
growth. (2010) J Biological Chem 285(11): 8434-8443.
Pubmed| Crossref| Others
McNeely, T.B., Coonrod, J.D. Comparison of the opsonic
activity of human surfactant protein A for Staphylococcus
aureus and Streptococcus pneumoniae with rabbit and human macrophages. (1993) J Infectious Dis 167(1): 91-97.
Pubmed| Crossref| Others
LeVine, A.M., Bruno, M.D., Huelsman, K.M., et al. Surfactant protein A-deficient mice are susceptible to group B
streptococcal infection. (1997) J Immunol 158(9): 43364340.
Pubmed| Crossref| Others
LeVine, A.M., Kurak, K.E., Wright, J.R., et al. Surfactant protein-A binds group B streptococcus enhancing
phagocytosis and clearance from lungs of surfactant protein-A–deficient mice. (1999) Am J Respir Cell Mol Biol
page no: 80

Short title
Surfactants role in pharmaceutical product development

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

20(2): 279-286.
Pubmed| Crossref| Others
Waters, P., Vaid, M., Kishore, U., et al. Lung surfactant proteins A and D as pattern recognition proteins. (2009) Target
pattern recognition innate immunity: 74-97.
Pubmed| Crossref| Others
McCormack, F.X., Gibbons, R., Ward, S.R., et al. Macrophage- independent fungicidal action of the pulmonary collectins. (2003) J Biol Chem 278(38): 36250-36256.
Pubmed| Crossref| Others
Madan, T., Eggleton, P., Kishore, U., et al. Binding of pulmonary surfactant proteins A and D to Aspergillus fumigatus conidia enhances phagocytosis and killing by human
neutrophils and alveolar macrophages. (1997) Infect Immun 65(8): 3171-3179.
Pubmed| Crossref| Others
Lekkala, M., LeVine, A.M., Linke, M.J., et al. Effect of
lung surfactant collectins on bronchoalveolar macrophage
interaction with Blastomyces dermatitidis: inhibition of tumor necrosis factor alpha production by surfactant protein
D. (2006) Infect Imm 74(8): 4549-4556.
Pubmed| Crossref| Others
Awasthi, S., Magee, D.M., Coalson, J.J. Coccidioides posadasii infection alters the expression of pulmonary surfactant
proteins (SP)-A and SP-D. (2004) Respir Res 5(1): 28.
Pubmed| Crossref| Others
Schelenz, S., Malhotra, R., Sim, R., et al.
Binding
of host collectins to the pathogenic yeast Cryptococcus neoformans: human surfactant protein D acts as an agglutinin
for acapsular yeast cells. (1995) Infect Immun 63(9): 33603366.
Pubmed| Crossref| Others
Walenkamp, A., Verheul, A., Scharringa, J., et al. Pulmonary surfactant protein A binds to Cryptococcus neoformans
of without promoting phagocytosis. (1999) Eur J clin invest
29(1): 83-92.
Pubmed| Crossref| Others
Yong, S.J., Vuk-Pavlovic, Z., Standing, J.E., et al. Surfactant protein D- mediated aggregation of Pneumocystis carinii impairs phagocytosis by alveolar macrophages. (2003)
Infect immune 71(4): 1662-1671.
Pubmed| Crossref| Others
Zimmerman, P., Voelker, D., McCormack, F., et al. 120kD surface glycoprotein of Pneumocystis carinii is a ligand
for surfactant protein A. (1992) J clinical investigation
89(1): 143-149.
Pubmed| Crossref| Others
Van Rozendaal, B.A., Van Spriel, A.B., et al. Role of pulmonary surfactant protein D in innate defense against Candida
albicans. (2000) J infectious dis 182(3): 917-922.
Pubmed| Crossref| Others
Rosseau, S., Guenther, A., Seeger, W., et al. Phagocytosis
of viable Candida albicans by alveolar macrophages: lack
of opsonin function of surfactant protein A. (1997) J Infect
Dis 175(2): 421-428.
Pubmed| Crossref| Others
Hartshorn, K.L., Sastry, K.N., Chang, D., et al. Enhanced anti-influenzaactivity of a surfactant protein D and
serum conglutinin fusion protein. (2000) Am J Physiol

Ashok kumar J. et al.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

Lung Cell Mol Physiol 278(1): L90-L98.
Pubmed| Crossref| Others
Qi, L., Kash, J.C., Dugan, V.G., et al. The ability of pandemic influenza virus hemagglutinins to induce lower respiratory pathology is associated with decreased surfactant protein
D binding. (2011) Virology 412(2): 426-434.
Pubmed| Crossref| Others
Meschi, J., Crouch, E.C., Skolnik, P., et al. Surfactant protein D binds to human immunodeficiency virus (HIV) envelope protein gp120 and inhibits HIV replication. (2005) J
Gen virol 86(11): 3097-3107.
Pubmed| Crossref| Others
Pandit, H., Gopal, S., Sonawani, A., et al. Surfactant protein
D inhibits HIV-1 infection of target cells via interference
with gp120-CD4 interaction and modulates pro-inflammatory cytokine production. (2014) PLoS One 9(7): e102395.
Pubmed| Crossref| Others
Hickling, T.P., Bright, H., Wing, K., et al. A recombinant trimeric surfactant protein D carbohydrate recognition domain
inhibits respiratory syncytial virus infection in vitro and in
vivo. (1999) Eur J immunol 29(11): 3478-3484.
Pubmed| Crossref| Others
Leth-Larsen, R., Zhong, F., Chow, V.T., et al. The SARS
coronavirus spike glycoprotein is selectively recognized
by lung surfactant protein D and activates macrophages.
(2007) Immunobiology 212(3): 201-211.
Pubmed| Crossref| Others
Numata, M., Kandasamy, P., Nagashima, Y., et al. Phosphatidylinositol inhibits respiratory syncytial virus infection.
(2015) J lipid Res 56(3): 578-587.
Pubmed| Crossref| Others
Choi, E. C., Choi, W.S., et al. The variation of surface contact angles according to the diameter of carbon nanotubes.
(2009) J nanoscience nanotechnol 9(6): 3805-3809.
Pubmed| Crossref| Others
Qiu, Y., Chen, Y., Zhang, G.G., et al. Developing Solid Oral
Dosage Forms. (2009) Pharmaceutical Theory and Practice:
978.
Pubmed| Crossref| Others
Reshad, M., Nesbit, M., Petrie, A., et al. Chlorhexidine
gluconate mouthwashes as a surfactant for addition-reaction silicone impressions. (2009) European J prosthodontics
restorative dentistry 17(1): 2-8.
Pubmed| Crossref| Others
Logan, J.W., Moya, F.R. Animal-derived surfactants for the
treatment and prevention of neonatal respiratory distress
syndrome: summary of clinical trials. (2009) Ther clin Risk
Manag 5(1): 251-260.
Pubmed| Crossref| Others
Chokshi, U., Selvam, P., Porcar, L., et al. Reverse aqueous
emulsions and microemulsions in HFA227 propellant stabilized by non-ionic ethoxylated amphiphiles. (2009) Int J
pharm 369(1-2): 176-184.
Pubmed| Crossref| Others
Banker, G.S. The theory and practice of industrial pharmacy. (1970) J Pharmaceutical Sci 59(10): 1531.
Pubmed| Crossref| Others
Shah, S.K., Bhattarai, A., Chatterjee, S.K. Applications of
surfactants in modern science and technology. (2013).
page no: 81

Citation: Ashok kumar J. et al. Surfactants and their Role in Pharmaceutical Product Development: An overview (2019) J pharma pharmaceutics
6(2): 72-82.

Pubmed| Crossref| Others
77. Pennings, F., Kwee, B., Vromans, H. Influence of enzymes
and surfactants on the disintegration behavior of crosslinked hard gelatin capsules during dissolution. (2006) Drug
Dev ind pharm 32(1): 33-37.
Pubmed| Crossref| Others
78. Schramm, L. Petroleum Emulsion. Schramm, LL,” Emulsions Fundamentals and Applications in the Petroleum Industry. (1992) American Chemical Society.
Pubmed| Crossref| Others
79. Garti, N., Bisperink, C. Double emulsions: progress and
applications. (1998) Current opinion in colloid & interface
science 3(6): 657-667.
Pubmed| Crossref| Others
80. Becher, P., Hamor, W.A. Emulsions: theory and practice.
(1957) Reinhold New York.
Pubmed| Crossref| Others
81. Dimmitt, P. Cerumen removal products. (2005) J Pediatric
Health Care 19(5): 332-336.
Pubmed| Crossref| Others
82. Rosen, M. Surface and interfacial phenomena 2nd edn.
(1989) Wiely New York 151.
Pubmed| Crossref| Others
83. Gelderblom, H., Verweij, J., Nooter, K., et al. the drawbacks
and advantages of vehicle selection for drug formulation.
(2001) Eur J cancer 37(13): 1590-1598.
Pubmed| Crossref| Others
84. Kakemi, K., Arita, T., Muranishi, S. Absorption and excretion of drugs. XXV. On the mechanism of rectal absorption
of sulfonamides. (1965) Chem Pharma Bull 13(7): 861-869.
Pubmed| Crossref| Others
85. Martin, A.N., Sinko, P.J., Singh, Y. Martin’s Physical Pharmacy and Pharmaceutical Sciences. (2011) Physical Chemical Biopharma Principles Pharmaceutical Sci Lippincott
Williams & Wilkins.
Pubmed| Crossref| Others
86. Leja, J. Surface chemistry of froth flotation. (2012) Springer
Science & Business Media.
Pubmed| Crossref| Others
87. Schramm, L.L. Dictionary of colloid and interface science.
(2001) Sur Colloid Chem.
Pubmed| Crossref| Others
88. Li, F.C., Yu, B., Wei, J.J., et al. Turbulent drag reduction by
surfactant additives. (2012) John Wiley & Sons
Pubmed| Crossref| Others
89. Wang, C., Li, X., Wettig, S.D., et al. Investigation of complexes formed by interaction of cationic gemini surfactants
with deoxyribonucleic acid. (2007) Physical Chem Chem
Phys 9(13): 1616-1628.
Pubmed| Crossref| Others
90. Zanten R, Deen L, Ezzat D. Successful field applications of
surfactant nanotechnology to displace oil-based drilling fluids for completion operations. (2011) American Association
Drilling engin11: 1-6.
Pubmed| Crossref| Others
91. Luisi, P.L., Magid, L., Fendler, J.H. Solubilization of enzymes and nucleic acids in hydrocarbon micellar solution.
(1986) Critical Reviews in Biochemistry 20(4): 409-474.
Pubmed| Crossref| Others
www.ommegaonline.org

92. Menger, F., Saito, G. Adsorption, displacement, ionization in water pools. (1978) J American Chemical Society
100(14): 4376-4379.
Pubmed| Crossref| Others

Submit your manuscript to Ommega Publishers and
we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in all major indexing services
• Maximum visibility for your research

Submit your manuscript at
https://www.ommegaonline.org/submit-manuscript

page no: 82

