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Abstract
Our world is under serious threat of environmental degradation, climate change and in association with this the out breaks 
of diseases as pandemics. The devastating impact of the very recent COVID-19, The sharp increase in cases of Cancer, 
Pulmonary failure, Heart health has triggered questions for the sustainable development of pharmaceutical and medical sci-
ences. In the search of inclusive and effective strategies to meet today’s demand, improvised methodologies and alternative 
green chemical, bio-based precursors are being introduced by scientists around the globe. In this extensive review we have 
presented the potentiality and Realtime applications of both synthetic and bio-based surfactants in bio-medical and phar-
maceutical fields. For their excellent unique amphoteric nature and ability to solubilise in both organic and inorganic drugs, 
surfactants are one of the most potential candidates for bio-medicinal fields such as dermatology, drug delivery, anticancer 
treatment, surfactant therapy, vaccine formulation, personal hygiene care and many more. The self-assembly property of sur-
factants is a very powerful function for drug delivery systems that increases the bio-availability of the poorly aqueous soluble 
pharmaceutical products by influencing their solubility. Over the decades many researchers have reported the antimicrobial, 
anti-adhesive, antibiofilm, anti-inflammatory, antioxidant activities of surfactants regarding its utility in medicinal purposes. 
In some reports surfactants are found to have spermicidal and laxative activity too. This comprehensive report is targeted 
to enlighten the versatile applications of Surfactants in drug delivery, vaccine formulation, Cancer Treatment, Therapeutic 
and cosmetic Pharmaceutical Sciences and prevention of pulmonary failure due to COVID-19.
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1  Introduction

The most dangerous global threats against modern science 
are the fighting against climate change, environmental deg-
radation, ecological downfall and in association with all 

these the degradation of human health, epidemics and pan-
demics like most recent COVID-19. Making remedies for 
the sustainable improvement of both human and environ-
ment health are the master tasks for scientists around the 
globe. In connection to this, environmental scientists are 
working on invention, discovery and development of sus-
tainable green methodologies to protect environment from 
further degradation; where as in the field of bio-chemistry 
and pharmaceutical sciences, the challenge is not limited 
only in the identification of diseases and formulation of 
drugs but also characterising the drug’s bio-activity, deliv-
ery and its potential future effect in human health. Inclusive 
strategies are thus required that might play pivotal role for 
the sustainable development of the environment, eradicate 
externalities, associated climate downfalls to inhibit the 
outbreak of epidemics and pandemics. A pure, non-con-
taminated and peaceful environment is the utmost need for 
good health of every living being on planet earth. In this 
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review we are presenting a comprehensive modern-day uti-
lisation of a supreme class of green chemical called ‘sur-
factant’ in bio-chemical and medicinal science. Surfactants 
have all the potentially positive actions towards nature to 
boost sustainable development of the environment health. 
We have published articles in this context where the role of 
surfactants and their bio-congeners the ‘bio-surfactants’ are 
elaborately discussed [1–5]. Specifically in this endeavour, 
we have discussed the role of this super-chemical in drug 
delivery, vaccine formulation, Cancer Treatment, Therapeu-
tic and cosmetic Pharmaceutical Sciences and prevention of 
pulmonary failure due to COVID-19.

Surfactants are amphoteric and solubilise both organic 
and inorganic substances. Surfactants after reaching their 
CMC (Critical Micellar Concentration) produce micelles/
reverse micelles which indeed work as nano-sized supra-
molecules in solubilisation, emulsification of drugs. This 
wonderful quality of surfactants is most useful in the bio-
medical and bio-chemical fields to improve production, puri-
fication and delivery of drugs [7].

In recent years various strategies have been used to tackle 
this challenge where use of various kinds of surfactants 
to increase solubility of drug is one of them. Surfactants 
can act as wetting agent which decreases the surface ten-
sion and allows the liquid to spread easily. Apart from that, 

surfactants can also be used as solubilizers and emulsifiers. 
Surfactants are organic compounds, derived from petroleum, 
sugars, natural fats etc., containing hydrophobic tails and 
hydrophilic heads (amphipathic). Therefore, these two parts 
of a surfactant molecule shows different affinities towards 
polar (generally water) and non-polar (generally oil) solvents 
[8–10].

According to the charge of the head groups, surfactants 
are classified into four different categories. The cationic, 
anionic, zwitterionic and neutral surfactants have their spe-
cific applications in bio-medicinal and pharmaceutical fields. 
The Scheme 1 contains a presentation of different types of 
surfactants and their applications [1].

Excellent unique features and abilities make these sur-
factants a potential candidate for a wide range of applica-
tions in various bio-medicinal fields such as dermatology, 
drug delivery, anticancer treatment, surfactant therapy, 
vaccine formulation, personal hygiene care products and 
many more. They are mainly used as an active compo-
nent of emulsion and act as stabilizer. The self-assembly 
property of surfactants is a very powerful function for 
drug delivery systems [11]. Most of the pharmaceutical 
products show poor aqueous solubility and, in this regard, 
surfactants are inevitable to influence the solubility of 
the products. In medicinal drinks, surfactants are used to 

Scheme 1   Different types of 
Surfactants and their applica-
tion [1]
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solubilize Vitamin E, D, other medicinal materials, and 
other necessary oil ingredients. Surfactants are useful in 
ointments formulations as well as in case of creams, lubri-
cants and gels. They are also used to enhance the extent 
of drug absorption as well as drug penetration. Besides 
that, surfactants are also used to stabilize semisolid for-
mulations [12]. Over the decades many researchers have 
reported the antimicrobial, anti-adhesive, antibiofilm, anti-
inflammatory, antioxidant activities of surfactants regard-
ing its utility in medicinal purposes. In some reports sur-
factants are found to have spermicidal and laxative activity 
too [5, 13].

Enormous researches have been reported over versatile 
applications of surfactants in pharmaceutical world. We 
will discuss the major applications of surfactants in bio-
medical field in details in the coming segments. We also 
have tried to present a future line of the applications of 
surfactants. The Scheme 2 is a schematic representation of 
vivid applications of surfactants in bio-medicinal fields we 
are about to discuss in coming segments [5, 13] (Fig. 1).

2 � Effectivity as Lung Surfactant

2.1 � Use of Lung Surfactant to Prevent Pulmonary 
Failure, the Main Reason Behind COVID‑19 
Mortality

At this day and age, the whole world is suffering due to 
the pandemic outbreak of COVID-19 across the globe. 
SARS-CoV-2 is that notorious virus behind the COVID-19 
infection, severity and even death and miseries of massive 
populations. Owing to some special chemical properties, 
surfactants have tremendous scopes and application in pre-
vention and cure against this global disease, which we are 
going to learn in this segment. However, prior to that, we 
first need to know how the SARS-CoV-2infects the inter-
nal organs of a human body. ACE2 (angiotensin convert-
ing enzyme receptor 2) receptors are one of the important 
receptors in a human body, it is spread all over the internal 
organs viz. lungs, gallbladder, kidney, heart etc. SARS-CoV-
2enters a human body through openings of nose, mouth and 
ears, subsequently they easily attack the ACE2 receptors 

Scheme 2   The vivid application of surfactants in pharma world
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Fig. 1   General structure of 
some very useful surfactants 
extensively used in pharma-
chemistry
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present on the surface of the respiratory tract. The virus then 
binds with the type II alveolar cell, the defender of alveolus 
[14–18]. The type II alveolar cell produces the natural pul-
monary surfactant [19] (Fig. 2).

The lung-surfactants have important role in the lung’s 
health. A lung surface contains mainly an air liquid inter-
phase. At the time of exhalation, the lung tissue collapse as 
the surface tension of the liquid (present on the lung sur-
face) is high. The lung surfactant decreases the surface ten-
sion and retains the lungs healthy. In a COVID-19 infected 
body, the SARS-CoV-2 virus destroys the type II alveolar 
cell which affects the production of pulmonary surfactant 
which leads to severe respiratory failure, the main reason 
behind the mortality due to COVID-19 [21]. Now we will 
focus on how to prevent this severe respiratory failure, we 
can prevent the SARS-COV-2 virus in two different ways-

(I) By using recombinant ACE The addition of recombi-
nant ACE deactivates the SARS-CoV-2 virus by blocking 
their protein receptors and prohibits them from entering the 
lung cells [21].

(II) By using Exogenous Lung surfactant and Surfactant 
associated protein Lung surfactants contains Phospolipids 
and four surfactant proteins (SP) viz, SP-A, SP-B, SP-C and 
SP-D. Among them SP-A and SP-D are hydrophilic and 
SP-C and SP-B are lipophilic. The main function of the lung 
surfactants is basically to reduce the surface tension and to 
prohibit any tissue damage of the lungs. The SARS-CoV-2 
damages the type II alveolar cell and stops the production 

of pulmonary surfactant [20, 21]. To overcome this exer-
tion, surfactant associated proteins (SFTA) is recently used 
which shows similar properties like the “classic SP”.SFTA 
2 shows some properties like SP-A and SP-D and SFTA 3 
shows properties amphiphilic nature, which increases the 
phagocytic activity [20–23].

Another important factor which leads to the pulmonary 
failure is the cytokine storm. Anti- inflammatory surfactant 
like anti-TNF, anti-IL6 are used to overcome this difficulty 
[24].

Recent studies suggested the effectiveness of lung 
surfactants towards increasing blood oxygen saturation, 
reducing pulmonary oedema and perfecting the excessive 
inflammatory reactions observed in the lung autopsies of 
a COVID-19 victim. It is thus quite evident that surfactant 
plays a pivotal role to dispose of the pulmonary failure 
by means of their robust anti-inflammatory and lung pro-
tective efficiency. A number of foreign corporations have 
started trial on different types of synthetic surfactants [20]. 
Wind-tree therapeutics™ are working on a synthetic lung 
surfactant called KL4 (https://​www.​windt​reetx.​com/) on 
severely affected COVID-19 pneumonia patients. A Ger-
man pharma house Lyomark Pharma GmbH is also working 
on another such synthetic lung surfactants (www.​lyoma​rk.​
com). These lung surfactants are generally obtained from 
either bovine (bovactant, Alveofact®) or porcine (poractant 
alfa, Curosurf®) lungs through tissue mincing followed by 
lipid fraction extraction. Both the surfactants are reasonably 

Fig. 2   A schematic presentation 
showing the lung and alveo-
lar morphology. The type-II 
alveolar cells produce the lung 
surfactants. The scheme is 
reprinted with permission from 
ref. no. [20]  Copyright 2020, 
Mirastschijski, Dembinski and 
Maedler

https://www.windtreetx.com/
http://www.lyomark.com
http://www.lyomark.com
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inexpensive, easily available and safer for internal use. These 
exogenous surfactants cover the outer surface of alveoli and 
helps to reduce the cytokine production [20, 24]. To prevent 
tissue damage and lung collapse it helps to restore the pul-
monary barrier, not only that these surfactants also improve 
the breathing process quality and help to recover the patient 
(Fig. 3).

2.2 � Surfactants in the Field of Respiratory Distress 
Therapy

Another important application of the synthetic lung sur-
factants is in the replacement therapy for the treatment of 
respiratory distress in Neonatal. In US about 250,000 babies 
are born every year with neonatal respiratory distress syn-
drome (hyaline membrane disease). Approximately 20% 
of the new-borns are affected with the hyaline membrane 
disease with a fatality of about 5000 new-borns per year. 
This respiratory distress among the new-borns occurs due 
to the substantial deficiency of endogenous lung surfactants 
which indeed leads to the lungs collapse. The combination 
of lung surfactant preparations, supplement oxygen along 
with mechanical ventilation is used to treat this condition. 
These lung surfactant preparations are known as exogenous 
surfactant and they are commonly bio-based extracted sur-
factants [25].

3 � Surfactants in Dermatology

3.1 � Surfactant as Penetration Enhancer 
in Transdermal Drug Delivery System (TDDS)

Human skin is basically a barrier between internal organs 
and the surroundings. It protects our inner organs from the 
harshness of the outer environment. Along with all these 
necessities, this barrier property creates complications for 
the transdermal drug to penetrate inside the skin [26]. To 
eliminate this difficulty various types of surfactants, gener-
ally ionic surfactants are used to increase the permeability of 
skin, termed as penetration enhancer or the absorption pro-
moters. The Stratum corneum, outermost layer of epidermis, 
consists of protein and ordered layers of lipids, possess low 
permeability of skin towards transdermal drug. The polar 
head groups of ionic surfactants interact with ordered lipid 
layers of stratum corneum and disrupt the order, and dena-
turate keratin. Penetration enhancer can also increase skin 
permeability by leaching out some structural components 
from Stratum corneum and thus lowering the resistance of 
consecutive lipid barriers to the diffusion of drugs. In these 
ways surfactant can act as penetration enhancer [27]. In 
recent studies it is found that anionic surfactants have higher 
enhancing ability over cationic or non-ionic surfactants due 
to their versatility of interactions with both epidermal lipids 
and keratins [28]. SLS (sodium laurylsulphate) is an Ani-
onic surfactant which is widely used as penetration enhancer 
[26–28]. There are few specific properties that controls the 
efficiencies of surfactants as the penetration enhancers [29]-

Fig. 3   A hypothetical mechanis-
tic representation of exter-
nally applied lung surfactants 
for pulmonary protection in 
severe COVID-19 associated 
ARDS patients.The scheme is 
reprinted with permission from 
ref. no. [20]. Copyright 2020, 
Mirastschijski, Dembinski and 
Maedler
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i) The CMC of the surfactants The CMC of a surfactant 
is a range of concentration of that particular surfactant 
above which dynamic aggregation of surfactants occur to 
form different morphological assemblies generally termed 
as micelles [1]. An apparently concentration dependent 
biphasic action of surfactants is observed on skin mem-
brane. An increased membrane permeability is observed 
at lower concentration of the surfactant which gradually 
decreases with higher concentrations especially above the 
CMC of the surfactant [30].

ii) The Chain Length of carbon atoms Penetration 
enhancement is greatly affected by the carbon chain in 
the hydrophobic tail of a surfactant. Usually, it has been 
observed that surfactant with carbon chain length 10–14 in 
all types of surfactants is the best suit for the action [31].

iii) Transdermal gradient The chief reason for absorp-
tion in the skin is the “transdermal gradient” triggered 
by the variance in water content amongst the dehydrated 
skin surface (approx 20% water) and the epidermis (close 
to 100%) [32].

iv) Hydrophilicity of the head group of the surfactants 
For polar molecules surfactants with greater extent in 
hydrophilicity of the head is more effective than those with 
lesser hydrophilicity [29, 30].

v) Steric forces: Steric hideous forces are instigated by 
the absorbed molecules with decreased conformational free-
dom and changes due to molecule/solvent interactions in the 
two different surfaces [33] (See Table 1).

Not only the surfactants but there also various other types 
of chemicals e.g. esters, acids, water, hydrocarbons, amides 
etc. that are used as enhancer [32] and Azone is very famous 
among them [34].

3.2 � Surfactant as Cerumen Removals

In the external auditory canal, there are sebaceous glands 
which produce sebum, if the sebum doesn't get cleared, it 
will combine with internal sweat and form a sticky semi-
solid, called cerumen and it holds other foreign bodies like 
fallen hair dust and shredded epithelial cells, which blocks 
our ear canal. Excessive amount of cerumen can cause pain, 
itching and impaired hearing. Previously the combination 
of hydrogen peroxide and light mineral oil was used to sof-
ten the impacted cerumen for its easy removal from ears. 
Recently synthetic surfactants which have cerumenolytic 
activity, are used for removing cerumen. Cerumenex drops 
(tri ethanolamine polypeptide oleate condensate in propyl-
ene glycol solution) and Debrox drops (carbamide peroxide 

Table 1   List of some surfactant containing drugs which shows excellent application in dermatology and treatment

Permeant Surfactant Description References

Ibuprofen Tween 80 Higher skin penetration power [35]
Propranolol, metaproterenol sulfate Lauric acid Enhance percutaneous absorption [36]
Atenolol Polyoxyethylene-2-oleyl ether Best enhancer for the transdermal drug delivery 

of atenolol
[37]

Paclitaxel Cremophor EL Enhances the intracellular penetration for liposo-
mal drugs that improves their efficiency against 
cancer

[38]

Tamoxifen citrate Cremophore EL, Tween 80 Excellent skin penetration power [39]
Piroxicam Tween 80:Span 20 Enhance the penetration power by disturbing stra-

tum corneum layer through different skin models
[40]

Ropinirole Tween 20 Increases the skin permeation from 20 to 35% [41]
Hydrocortisone Span 20: Span 80 Enhance the diffusion through the skin [42]
Adenosine medium-chain glycerides, polysorbate 80 

and propylene glycol
Enhances the skin penetration power of transder-

mal drugs
[43]

Acyclovir Transcutol Increases the penetration through the skin [44]
Lidocaine Cationic surfactants Enhances the permeation through the excised 

human skin
[45]

Progesterone medium-chain mono- and diglycerides Enhancesthe permeability of membrane by 
interacting with membrane proteins and lipids. 
Increases transdermal and topical delivery of 
PGT

[46]

Chloramphenicol 0.5 and 1% Tween 80 Enhances skin penetration [47]
Fluoxetine Labrasol Increases the permeation significantly [48]
Fluconazole Labrasol/EtOH (1:1, w/w) mixture Possessed highest permeation profile amongst all 

other formulations
[49]

Hydrocortisone Acetate 2-(2-ethoxy-ethoxy) ethanol (Trans Cutol) Act as permeation enhancer and solubilizer [50]
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in glycerine) are used as an emulsifier and removing agent 
of cerumen. When these drops came in contact with ceru-
men, it produces oxygen and remove the impacted ear wax 
by disrupting its integrity [51].

4 � Surfactants in Advanced Drug Delivery 
Systems

4.1 � Micro Emulsion

Another interesting system is the micro emulsion, here the 
oil-surfactant -water interface produces different structures 
to reduce oil–water contact [1, 7, 10]. The basic structures 
of micro emulsion are micelles (like oil drops in water) and 
reverse micelles (like water drops in oil).

Micro emulsion also has complex structures like lamellae 
and spherulite where oil and water construct consecutive lay-
ers and surfactant layers usually separates them and forms 
onion like structure [15] (Fig. 4).

Micro emulsion plays a significant role to develop the 
drug delivery system (DDS). It increases the oral bioavail-
ability of poor aqueous soluble drugs [1, 12]. Surfactants, 
lipids and co-surfactants are the major constituents of micro 
emulsion drug delivery system (MDDS) [52]. There are sev-
eral ways of drug administration such as oral, topical, nasals, 
intravenous etc. for MDDS. They are capable of Solubiliz-
ing hydrophobic drugs due to their small, size and globular 
shape [53].

4.2 � Niosomes an Extra‑Ordinary Versatile 
Component in Different Fields of Drug Delivery

Niosomes are typically the aggregation of non-ionic sur-
factants in vesicles shape. These non-ionic surfactant vesi-
cles i.e., Niosomes are extensively used in modern pharma-
ceutical industry due to their unique ability of encapsulating 
both hydrophobic and hydrophilic drugs inside bilayer vesi-
cles (uni-lameller and multi-lameller vesicles). Niosomes are 
much superior over other nano carriers like ‘polymersomes’ 
and ‘liposomes’ because of their excellent in vivo stability 
and low toxicity. Niosomes are proven as ideal carriers of 

various types of drugs such as insulin, siRNA, DNA vac-
cines etc. and for treating deadly diseases like cancer, Alz-
heimer, diabetes, microbial infections etc. Niosomes shows 
their versatility also in the routes of drug administration such 
as transdermal, oral and penetral [52]. Niosomes are also 
attractive towards researchers of pharma science because of 
the facts that these nano-carriers are able to prolong the half-
life of drugs in serum, avoid uptake by reticulo-endothelial 
systems (RESs) and reduce non-specific absorption by opti-
mizing its components or building a multifunctional surface 
and also in the protection of drugs against degradation in 
storage and in vivo circulations [53]. These non-ionic sur-
factant vesicles were first.

Non-ionic surfactant vesicles (Niosomes) were initially 
applied for the more sustainable advancement of cosmetics. 
Contemporary science has inclusive targeted and focused 
research on Niosomes as nanocarriers for drug delivery. 
Doxil® was a kind of liposome first approved by the FDA for 
clinical trials take the attention of scientists on liposomes. 
It was found to have excellent bio-compatibility and very 
less toxicity [54]. Most important fact about the Niosomes 
is that even in comparison to the liposomes Niosomes are 
more advantageous with greater stability, low cost, easy to 
formulate and scaling-up.

It is significant to comprehend the basic structure of 
Niosomes, to conceptualise the ingredients for Niosomes 
formation and their application in drug delivery. These non-
ionic bilayer vesicles consist with a hydrophobic head oppo-
site to aqueous solution and the hydrophilic heads opposite 
to the organic solution [55].

These vesicles can be sub divided into unilamellar and 
bilamellar categories [1, 4, 5]. The multilamellar category 
of vesicles are concentric circles and are constructed with at 
least 2 bilayer vesicles embodied in it (Fig. 5).

Three major fields of application of Niosomes in DDS 
are discussed below.

4.2.1 � Niosomes in the Field of Gene Therapy

In modern pharmaceutical science one of the most inno-
vative treatment is 'Gene Therapy' which includes genetic 
modification by replacing or deactivating defective genes 

Fig. 4   Schematic representation 
of non-ionic surfactant vesicles 
a unilamellar vesicle; b, c mul-
tilamellar vesicles

a b c
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for treatment of various critical diseases. To deliver the gene 
material, various non-viral gene carriers, generally polym-
ersomes (polymers) and liposomes (lipids) were previously 
used. But researchers face some difficulties such as, non-
specific attachment of gene during in vivo gene therapy and 
toxicity while using these non-viral gene carriers [56]. But 
recently, another type of non-viral gene carriers, Niosomes 
attract researchers due to their excellent physicochemi-
cal stability, comparatively smaller size which can easily 
eliminate the difficulties caused by liposomes and polym-
ersomes. It is proven that niosomes can act as good gene 
carriers into the targeted cell by protecting DNA from deg-
radation [57]. Niosomes can also act as non-viral vector in 
DNA vaccine as it provides a simple, highly stable and less 
expensive solution than that of liposomes and polymersomes 
[58]. Niosomes play a vital role in the platform of deliver-
ing RNAs into human stem cells for promoting cell differ-
ential. In this purpose RNAs and niosomes are mixed in a 
proper ratio to form the complex which act as a specific gene 
silencer in human mesenchymal stem cells (hMSCs) [59].

4.2.2 � Niosomes as Protein and Peptide Drug Carriers

Protein and peptide drugs like insulin, bacitracin is used as a 
pivotal therapeutic agent for treating various severe diseases 
e.g. diabetes. But they have some restrictions due to their in-
vivo and ex-vivo instability, poor bioavailability and some 
serious side effects. Niosomes can solve these problems as 
they can act as a good carrier of various protein and peptide 
drugs and exhibit excellent ability in the formulation of pro-
tein subunit vaccine [60]. For decades researchers are trying 
to formulate the non-invasive way of insulin administration, 
but till now they are unable to find that. It was reported that 
niosomes have the ability to stop the easy degradation by 
protecting the loaded insulin and they can be delivered via 
vaginal and parenteral routes [61, 62]. Niosomes are also 

applied in protein subunit vaccine formulation that plays a 
pivotal role to eradicate and prevent various diseases. Nio-
some based vaccine formulations are much more efficient 
and shows fewer side effects than living organism-based 
vaccines [63].

Some experimental results are given below which proves 
that niosomes are promising nano carrier of protein and pep-
tide drugs.

(i)	 Pardakhty’s Experiment [64]

Experiment Preparation of insulin neosomes (containing 
Birj52,apolyoxyethylene alkyl ether surfactant and Birj 92 or 
Span 60 and cholesterol) and the study of pharmacokinetic 
properties in diabetic rats.

Observation The release profile of orally administrated 
insulin neosome was monitored by measuring the SGF 
(simulated gastric fluid) and SIF (simulated intestinal fluid).

Result These niosomes are able to protect the loaded insu-
lin, reduce the blood sugar level as expected, bioavailability 
of Birj 92, Span 60 and Birj 52 are 1.88 ± 0.43, 1.46 ± 0.43 
and 1.12 ± 0.57(%) respectively.

	 (ii)	 H. Yoshida’s Experiment [65]

Experiment Peroral administration of DGAVP (9-desgly-
cinamide 8- arginine vasopressin) loaded in stable niosome, 
formulated using polyoxyethylenealkylethers. The in-vivo 
situation was created using intestinal loop model.

Observation The concentration of entrapped DGAVP in 
the acceptor phase was higher than DGAVP solution and 
DGAVP + empty niosomes after 120 min.

Result These niosomes can control the release profile of 
protein and peptide drugs.

	 (iii)	 Anil Vangala’s Experiment [66]

Experiment Measurement of Zeta-potential and change in 
vesicle size at two different temperatures of dimethyldioc-
tadecylammonium vesicular adjuvant system where some 
non-ionic surfactant like 1-monopalmitoyl glycerol (MP), 
cholesterol (Chol) and trehalose 6,6′–dibehenate (TDB) 
were added and

Observations At 25 °C the size of MP-Chol-DDA and 
MP-Chol-DDA-TDB were changes slightly and the adju-
vant activity of the formulated vaccine was measured against 
three subunit antigens in mice.

Result Antibody responses can be induced by both DDA-
based and MP-based vesicle formulations.

4.2.3 � Niosomes in Chemical Drug Delivery

Niosomes are superior as a nano carrier than liposomes and 
polymersomes. They possess hydrophobic cavity as well as 
hydrophilic shell so, they provide us the luxury of delivering 

Hydrophobic Drug

Hydrophilic Drug

Amphiphilic Drug

Fig. 5   A pictorial demo of how differently charged drugs interact 
with surfactant Niosomes
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two different types of drugs at the same time which helps 
us to achieve highly efficient therapeutic effect. Niosomes 
provide us more biocompatibility, biodegradability and 
low toxicity. They are more efficient than liposomes due 
to their low cost, good in vivo stability and ease of storage. 
Niosomes are used as a drug carrier for treating diabetes, 
cancer, various types of inflammation etc. One of the most 
significant applications of the niosomes is the improvement 
of oral bioavailability of some lifesaving medicines like 
Carvedilol. Carvedilol is widely used for treating coronary 
artery disease and congestive heart failure, but it possesses 
some limitations like short half-life after administration and 
the concentration of it's components significantly decreases 
before it can reach the systemic circulation (first pass metab-
olism). These two limitations are most common in orally 
delivered drugs. Numerous researchers have tried to develop 
some formulations that can improve the oral bioavailability 
of carvedilol, and it was found that Niosomes have the capa-
bility to stop the easy degradation by protecting the loaded 
drug and also controls the releasing of the drug components 
to avoid the first pass metabolism [67]. Carvedilol niosomes, 
prepared by film hydration method, possesses some excel-
lent properties like very small size (around 167 nm) which 
made them an efficient carrier of cancer treating chemical 
drugs (smaller size allows them to penetrate the tumor tis-
sue). They also have the encapsulating rate around 77.7% in 
different kinds of formulations. Experiment shows that they 
are stable at C40S6030T6030and C50S6025T6025 formulation. 
It is also proven that even after 20 h all the components of 

the loaded drug reach the systemic circulation without any 
significant change (almost 100%). The above results justify 
that niosomes are the pivotal tool to develop the bioavailabil-
ity of orally delivered drugs [68, 69]. In chitosan/glyceryl 
monooleate (CH/GMO) and hydrogels niosomes are incor-
porated as pH sensitive formulation to increase the efficiency 
of the drug for treating cancer [70]. Here in the Table 2 a 
list of Niosomes (Used surfactants) and their application in 
medical field is given below-

4.3 � Role of Surfactants for Increasing Dissolution 
Rate of Hard Gelatine Capsule

In an experiment on the dissolution rate of sparingly solu-
ble benzoic acid in different forms such as loose powder, 
in size 00 and size 1 capsule. Benzoic acid powder, tightly 
packed inside the capsule size 1, shows slowest dissolution 
rate during the experiment. Addition of 0.5% of polyol sur-
factant into this formulation helps to improve the dissolution 
rate greatly. Various drugs contain hydrophobic compounds 
according to their requirement, we can eliminate the delete-
rious effect of these hydrophobic compounds on drug release 
by adding 0.1–0.5% surfactant [79].

4.4 � Surfactant in Rectal Suppository Formulation

In Recent years, rectal drug delivery is another centre of 
interest for researchers of medicinal and bio-chemical fields. 
Riegalman and Crowell have shown that the diffusion rate of 

Table 2   list of Niosomes (Used surfactants) and their application in medical field

Surfactant Loaded drug Rate of Encapsulation 
in %

Route of administration Application References

Cationic lipid Tween 80 
squalene

pCMSEGFP Ocular Gene delivery [57]

Pluronic L64 Doxonrubicin 38.73 ± 1.58 cell level Anti-caner [71]
Polyoxyethylene alkyl 

ethers
Insulin Oral Diabetes [72]

Span 60
Tween 60

Ellagic acid 38.73 ± 1.58 Transdermal Antioxidant [73]

Tween61 Tyrosinase Plasmid 
(pMEL34)

150 µg/16 mg of nioso-
mal compositions

Transdermal (in vitro) Treatment of vitiligo [74]

N-Palmitoyl-glucosa-
mine Span 60

Vasoactive Intestinal 
peptide

24.07 ± 0.83 Intravenous administra-
tion

Anti-inflammatory 
Immunomodulatory 
neurological Disorders 
and so on

[75]

Tween 20 Curcumin 74.5 ± 3.2 Anti-inflammatory
Anti-cancer
Antioxidant

[76]

Polysorbate Cationic 
lipid

pUNO1-hBMP-7 
plasmid

Bone regeneration [77]

Monopalmitoyl glycerol H3N2 antigen (Radio-
labellin)

Oral Intramuscular Flu [78]
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drugs to the suppository surface depends on the particle size 
of the suspended drug and the presence of surfactants. Thus, 
surfactants are proven for both increasing and decreasing 
drug absorption rate [80]. Various non-ionic surfactants hav-
ing similar chemical properties to Polyethylene glycols, such 
as sorbitan fatty acid ester (Span, Arlacel), polyoxyethylene 
stearates (Myrj) and polyoxyethylenesorbitan fatty acid eat-
ers (tween) are most commonly used as suppository vehi-
cles [81]. Colonic fluid reduces the surface tension of rectal 
membrane by washing the mucous. Surfactant containing 
suppository vehicles facilitates the movement of drugs 
across rectal membrane barrier by providing additional pore 
for drug absorption [80]. It has also been reported that vari-
ous tweens (polyoxyethylenesorbitan fatty acid esters) are 
designed in such a way that it melts at body temperature and 
form liquid, which dispersed instantly in body fluids [80].

5 � Real time Application of Surfactants 
in Different Type Cancer Treatment

In this 21st century, cancer is one of the major causes of 
mortality worldwide. Modern pharmaceutical science has 
come a long way but till date, researchers are unable to find 
any proper remedy from this deadly public health issue. 
Among all types of cancer, breast cancer is the major cause 
of mortality in women and lung cancer for men [82]. Here 
in the table below we have presented a list of different types 
of reported new cases of cancer and death in 2020 (Table 3).

Currently radiotherapy and chemotherapy are applied for 
treating cancer but the major problem which leads to com-
plications in this treatment is their deleterious side effects 
on healthy cells [83, 84]. In this situation modern medical 
science demands discovery of such a drug, which is efficient 
enough to cure this notorious disease as well as selective 
towards cancer cells only i.e., less harmful towards healthy 
cells [85, 86]. In recent time various target-based sophisti-
cated and sustainable treatment strategies have been invented 
for treating cancers which are selective towards cancers cells 
only, application of both chemical and bio-based surfactants 
has made these producers more bio-compatible and inclu-
sive. A brief discussion is presented below-

5.1 � Surfactants in the Field of Drug‑Resistant Lung 
Cancer Treatment

Depending on treatment and prognostic purposes lung cancer 
is classified as SCLC (small cell lung cancer) and NSCLC 
(non-small cell lung cancer). Best route of drug administration 
for treating lung cancer is inhalation therapy, a stable formula-
tion containing surfactant, hydrophobic API and co-solvent are 
frequently used for this purpose. Various surfactant-based drug 
delivery systems such as nano sized drug carriers, hydrogel, 

novel powder, microspheres, mixed micellar system etc., are 
hugely applied in cancer detection, imaging, diagnosis and 
treatment. The above systems are capable to detect early 
metastasis, able to overcome various biological barriers and 
also have the potential to select the targeted cancer cells, which 
makes them a novel vehicle for treating drug-resistant lung 
cancer [87].

5.2 � Curcumin in Cancer Treatment

Curcumin, a phenolic complex, which has been extracted 
from Curcuma longa plant, exhibit excellent cytotoxic activity 
towards cancer cells including breast cancer, ovarian cancer, 
gastrointestinal cancer, hematologic malignancies, neurologic 
cancer, sarcoma and melanoma. Curcumin exhibit anticancer 
property towards lung cancer NCL-H460 cell through apop-
tosis [88].

Table 3   % of new cases and % of new death of various types of can-
cer in 2020. Source: https://​doi.​org/​10.​3322/​caac.​21660

Cancer type % of new cases % of new death

Female breast 11.7 6.9
Lung 11.4 18.0
Prostate 7.3 3.8
Nonmelanoma of skin 6.2 0.6
Colon 6.0 5.8
Stomach 5.6 7.7
Liver 4.7 8.3
Rectum 3.8 3.4
Thyroid 3.0 0.4
Bladder 3.0 2.1
Non-hodgkin lymphoma 2.8 2.6
Pancreas 2.6 4.7
Leukemia 2.5 3.1
Kidney 2.2 1.8
Lip and oral cavity 2.0 1.8
Ovary 1.6 2.1
Brain, nervous system 1.6 2.5
Gallbladder 0.6 0.9
Testis 0.4 0.1
Salivary gland 0.3 0.2
Anus 0.3 0.2
Vulva 0.2 0.2
Penis 0.2 0.1
Vagina 0.1 0.1

https://doi.org/10.3322/caac.21660
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5.3 � Cytotoxic Effects of CdS QDs, Synthesized 
from Waste and Mature Tea Leaf 
as Bio‑surfactant

In recent years researchers on biomedical ground are trying to 
synthesis nanoparticle by using green technology. Currently 
CdS QDs (cadmium sulphide Quantum Dots), synthesized via 
green route by using waste tea leaves as bio-surfactant, are 
attracted the researchers due to their wide range of applica-
tion in biomedical ground and excellent optical properties.
MT-CdS QDs (matured and wasted tea leaves derived CdS 
quantum dots) exhibit excellent cytotoxic properties towards 
breast cancer cells and their effectiveness is comparable with 
widely used anticancer drug cisplatin. Waste tea leaves pro-
ducing bio-surfactant are not only effective in controlling par-
ticle size of MT-CdS QDs but also enhance their cytotoxicity 
(Scheme 3). This QDs are capable to become an promising 
approach in near future in cancer treatment as they deliver the 
drugs, selectively towards targeted cancer cells and induced 
cell death by arresting cell cycle at S, G2/M phase and also 
destroy the cancer cells by producing ROS(reactive oxygen 
Species) [89].

5.4 � Anticancer Activity of SLP Against Various Types 
of Cancer

SLP synthesized from Wickerhamielladomercqiae exhibit 
excellent cytotoxicity towards cancerous cell. By inducing 
apoptosis sophorolipids (SLP) shows their cytotoxic effects 
towards liver cancer cells of H7402 and human esophageal 
cancer cells of KYSE 450 and KYSE 109 [90]. Diacetylated 
lactonic SLP acts as a better inhibitor on esophageal cancer 
cell lines than monoacetylated lactonic SLP [90]. SLP also 
shows anticancer activity against pancreatic carcinoma cells 
by killing them through necrosis mechanism [91].

6 � Other Applications of Surfactants 
in Personal Care, Health and Hygiene

6.1 � Surfactants in Sexual Health

Nonoxynol-9 or the N-9 is a surfactant of the nonoxynol fam-
ily and belongs to the class of non-ionic surfactants. N-9 has 
established use in cosmetics [92]. Recently it is extensively 

Scheme 3   Schematic presenta-
tion of apoptosis process via 
intrinsic pathway in breast 
cancer cells under green synthe-
sised CdS QDs treatment
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used in contraceptives due to its spermicidal properties. N-9 
attacks the acrosomal membranes of sperm and makes it 
immobilise. Nonxynol-9 is extensively used in most spermici-
dal creams, jellies, film, gel foams and suppositories. It is also 
used as anal and vaginal lubricant with spermicidal activity. 
Many models of condoms are also lubricated with N-9 [93].

In a study in 2004, Nonxynol-9 was proved to be much 
effective as vaginal contraceptives with a failure rate of only 
10–20% [93].

Almost all commercially available diaphragm jelly, cervi-
cal cap and contraceptive sponges contain N-9 as an active 
ingredient [94].

6.2 � Surfactant as Contact Lens Cleansers

Surfactants are also used in contact lens cleaning. Oil, lipids 
and various inorganic compounds are responsible for the view-
ing difficulties of contact lens. Surfactants emulsify these oils, 
lipids and inorganic compounds and help to improve the view-
ing quality of the contact lens. There are mainly two different 
mechanisms for cleaning the contact lens: (I) by mechanical 
cleaning device. (II) by placing few drops of cleansers solution 
on the lens and rubbing gently with thumb and index finger for 
20–30 s. This cleanser contains non-ionic detergent, wetting 
agents, preservatives (to increase the longevity of cleanser) and 
buffers (to maintain the neutrality) [80].

6.3 � Role of Surfactant in Mouthwashes

Mouthwashes are concentrated aqueous solutions that contain 
multiple active ingredients and excipients. Mouthwashes are 
generally used as therapeutic agent and refresher (cosmetic 
agent). Mouthwashes that are used as therapeutic agents can 
reduce plaque, stomatitis, gingivitis and dental caries. Sur-
factants are used in this kind of mouthwashes to remove debris 
with the help of foaming action. According to the studies by 
Chokshi et al. [95], non-ionic surfactants are most effective 
for formulating mouth washes. Surfactants with an HLB vale 
lesser then 10 are best suit for this purpose. Sorbitontriolate, 
sorbiton monolaurate, sorbiton monooleate and sorbitonses-
qioleate are the most commercially applied surfactants in the 
production of aerosol dispersions [80]. Mouthwashes can also 
be used as refresher for reducing bad breath, by using anti-
microbial and flavouring agents. Here surfactants are used to 
solubilise the flavours [81].

7 � Biosurfactants, a Blessing in Bio‑Medical 
Field

In modern surfactant science, interest of scientists’ centre 
around a special type of surfactant, derived from micro-
organisms termed as microbial surfactant. Microbial 

surfactants have some fundamental characteristics like less 
pollutant in nature, nature friendly solvent, less toxic, bio-
degradable and ease of recycling which make them superior 
over the synthetic surfactants [8]. In contemporary pharma-
ceutical science, use of microbial surfactant is increasing 
steadily for betterment of solubility of hydrophobic drugs 
[1, 9]. Modern Pharmaceutical World demands such Drug 
Delivery System which is safer and Benign in nature. Lots 
of researches are performed in this endeavour to accelerate 
the green revolution in biomedical fields. Non-toxicity and 
biodegradability are the main features of these natural occur-
ring surfactants.

Microbial biosurfactants possess some excellent prop-
erties like antiviral, antibacterial, immunoregulator, skin 
compatibility, wettability and low toxicity which make them 
a perfect substitution for the synthetic surfactants and can 
be used as the main ingredient in the formulation of hand 
washes [96, 97]. Glycolipids and lipopeptides are the most 
commonly used microbial surfactants [98–100].

7.1 � Antimicrobial Property (Antiviral, Antibacterial, 
Antifungal)

In recent time, the application of biosurfactant is increas-
ing sharply in biomedical grounds as they exhibit excellent 
antimicrobial (antivirus, antibacterial, antifungal) activities 
due to having the ability to influence the permeability of 
cell membrane. So, as they are very useful in treating vari-
ous diseases as they can show activity against microbes. In 
this regard Rhamnolipid and Sophorolipids are potential 
candidate as they can show antimicrobial property against 
drug-resistant pathogenic bacteria [101]. Polymyxin A and 
Polymyxin B derived from Bacillus polymyxa,[101]. Sur-
factin from Bacillus subtilis are the mostly know BSs with 
antimicrobial activity.

Biosurfactants shows inhibitory properties against not 
only bacteria but also verities of enveloped viruesPumila-
cidin obtained from Bacillus pumilus is prohibitive against 
herpes simplex virus type 1 hence act as antiviral agent 
[102]. A mixture of Surfactin and fengycin derived from 
Bacillus subtilis shows inhibitory action against a number 
of viruses such as Pseudorabies virus, Procine Parvovi-
rus, Newcastle disease virus, Brusal Disease virus [102]. 
Rhamnolipid obtained from Pseudomonas sp. S17 strain has 
been found to have antiviral activity against herpessimplex 
virus [103]. Jin et al. investigated that Rhamnolipid 222B 
shows anti-viral activity against enveloped viruses namely 
bovine corona virus and herpes simplex virus type 1 and the 
obtained results suggests that masks or plastic surface coated 
with Rhamnolipid 222b are able to reduce the spreading of 
SARS-CoV2 from one person to another [104].

Upon acetylation of head group, SL become active against 
HIV and herpes virus and exhibit cytokine -stimulating 
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property [105]. Sophorolipids produced by C. bombicola 
shows virucidal activity against human semen [105]. Lipo-
peptides produced by various microbes, also shows excellent 
antifungal and antiviral activity by stimulating our immune 
system for the production of antibodies [104, 105]. Lipo-
peptide BS extracted from Bacillus cereus strains exhibits 
significant antiviral, antifungal, antibacterial activity as well 
as antioxidant potential by DPPH scavenging ability [106].

A mixture of Rhamnolipids have been extracted from 
Pseudomonas aeruginosa have been extracted by Abalos 
and his co-researchers and among several homologues, 

seven were found to have excellent antimicrobial activity 
against majority of the microbes [107].

Biosurfactant derived from Lactobacillus (Lactobacil-
lus jensenii P6A and Lactobacillus gasseriP65) are found 
to have antimicrobial ability to prevent gastrointestinal and 
urogenital infections caused by microbes such as Escheri-
chia coli and Candida albicans. They also exhibit activity 
against Escherichia coli, Staphylococcus saprophyticus, 
Enterobacter aerogenes [108]. Some other BSs with anti-
microbial property are given in the table below (Table 4):

Table 4   A list of bio-surfactants with anti-inflammatory, anti-fungal and spermicidal properties

Biosurfactant Microorganism Function Target References

Lipopeptide Brevibacilluslaterosporus Antimicrobial activity against 
Gram-positive bacteria

Staphylococcus aureus, 
Lactobacillus plantarum, 
Enterococcus faecalis

[109]

Lipopeptide Bacillus subtilis SPB1 Antimicrobial activity against 
bacteria and phytopathogenic 
fungi

[110]

Lipopeptide Bacillus cereus Antibacterial and antifungal Pseudomonas aeruginosa, 
Escherichia coli, Staphylo-
coccus aureus, Klebsiella 
pneumoniae, Candida 
albicans,

[106]

Glycolipid Staphylococcus saprophyticus 
SBPS 15

Antimicrobial Pseudomonas aeruginosa, 
Escherichia coli, Staphylo-
coccus aureus, Vibrio chol-
era, Klebsiella pneumoniae, 
Candida albicans

[111]

Rhamnolipid Pseudomonas aeruginosa SS14 Antifungal Trichophyton rubrum [112]
Surfactin-Rhamnolipid mixture Bacillus amyloliquefacienc-

sST34, Pseudomonas aerugi-
nosa ST5

Antimicrobial activity Escherichia coli, Staphylococ-
cus aureus, Candida albicans

[113]

Fengycin Bacillus amyloliquefaciencs-
MEP218

Antimicrobial activity Pseudomonas aeruginosa 
PA01

[114]

Glycolipopeptide Lactobacillus pentosus Antimicrobial Escherichia coli, Staphylo-
coccus aureus, Candida 
albicans, Pseudomonas 
aeruginosa, Streptococcus 
pyogenes, Streptococcus 
agalactiae

[115]

Subtilisin B.subtilis Antimicrobial agent – [116]
Aminoacids lipid Bacillus sp Antimicrobial agent – [117]
Cellobiose lipid Ustilagomaydis Antifungal agent – [118]
Peptidelipid B.licheniformis Antimicrobial agent – [119]
Surfactin Bacillus subtilis, Staphylococ-

cus aureus
Anti-inflammatory agent – [120]

Mannosylerythritol lipid(MEL) Pseudomonas antarctica Anti-inflammatory agent – [121]
Mannosylerythritol lipid 

(MEL)
Kurtzmanomycessp, Pseudozy-

masiamensis
Antifungal compound – [121]

Sophorolipids C. bombicola
C. bogoriensis,
C. botistae,C.apicola

Anti-inflammatory Antiviral 
agent, Spermicidal, neuropro-
tective agent, immunomodu-
lator

– [122–124]
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7.2 � Anti‑Inflammatory Action

From various researches it is successfully reported that bio-
surfactants (BSs), produced by yeast and bacteria, shows 
excellent anti-inflammatory action [125]. Inflammation 
occurs due to secretion of arachidonic acid (AA), an inflam-
matory mediator, and cytosolic phospholipase A2 (cPLA2) 
regulates the secretion of AA. BSs can be used as potential 
therapeutic agent for treating inflammatory diseases as BSs 
are capable to inhibit cPLA2 by interaction with macromol-
ecules and cell membranes [126]. In near future Sophorolip-
ids (SLs), produced from C. bombicola, may be a promis-
ing therapy for immunomodulation in chronic inflammatory 
diseases [120] as they lower IgE (immunoglobulin E) level 
[122, 123] and supress expression of inflammatory cytokine 
[124]. BS surfactin, originated from various microbes, have 
extensively used as neuroprotective agent and anti-inflam-
matory agent as they increase anti-inflammatory effect by 
reducing pro-inflammatory cytokines [127, 128].

7.3 � Biosurfactant Used as Antioxidant

Another interesting application of BSs is to act as antioxi-
dant which is very important and essential for the neutraliza-
tion and prohibition of free radical and its formation reaction 
during physiological actions in body. Free radicals are highly 
reactive in nature and cause oxidative stress resulting in a 
number of health problems such as arthritis, hypertension, 
neurological disorder, ischemic diseases and many more 
[129]. BSs renders antioxidant activity by prohibiting the 
free radical chain reaction and also the microbial attachment 
on the surface [130]. Besides of blocking such oxidative 
chain reaction they also capable of hindering the increment 
of reactive oxygen and nitrogen species hence can be highly 
impactful for the therapeutic treatment against cancer, other 
heart related and neurodegenerative diseases [131]. A num-
ber of Lipopeptide BSs have excellent properties such as 
antimicrobial, antiaging, moisturising as well as free radical 
inhibiting activities viz. antioxidant activities. Moreover, its 
potential to heal wound make it suitable ingredient to incor-
porate safely in the products for dermatological treatment 
until they would show minimum cytotoxicity against human 
being [132]. Lipopeptide BSs isolated from Acinetobactor-
junii and Bacillus subtilis SPB1 having high antioxidant 
ability with wound healing property were reported [132, 
133]. Giri et al. reported the antioxidant, antimicrobial as 
well as antiadhesive properties of BSs obtained from Bacil-
lus subtilis VSG4 and Bacillus licheniformis VS16 [134]. 
Another study by Takahashi it was reported that Mannosy-
lerythritol lipids exhibit antioxidant and protective activity 
towards H2O2 induced oxidative stress. [135] Biosurfactants 
obtained from Lactobacillus casei strains confers significant 

antioxidant potential was reported by Merghini et al. and 
Mouafo et al. [136, 137].

7.4 � In MDDS and Nano Particle Formulation

In recent days MDDS have been formulating to be admin-
istered through various paths or routes such as nasal, oral, 
ocular, intravenous and topical [138].

The challenging task in DDS is to produce, safe, effec-
tive, stable and uniform microemulsion system as most 
of the conventional techniques are highly expensive, fre-
quently results hazardous waste and time consuming [139]. 
Glycolipids are recently used as bio-emulsifier and stabi-
lizers for the formulation of uniform, non-toxic, stable and 
biocompatible silver nanoparticle through environmentally 
acceptable reverse microemulsion technique [138–140]. Sev-
eral classes of glycolipids such as rhamnolipids, sophorolip-
ids, trehalose lipids etc. have been reported successfully to 
act as co-surfactant, reverse micelles, shell phase etc. in the 
field of alcohol free microemulsion and different types of 
metal-bounded nanoparticle formulation and stabilization 
[138, 141]. Rhamnolipids are used to synthesize uniform and 
stable microemulsion formulation with nanoparticles such 
as Nickel oxide nanoparticles, silver nanoparticles, polym-
ethyl methacrylate nanoparticles (nPMMA) etc. which pos-
sess anticancer property, antibiotic activities against gram-
positive and negative bacteria and used in biomedical field 
extensively [137–141].

7.5 � Bio‑Based Personal Hygiene Products 
Formulation

In the very present scenario, the whole world is fighting 
against COVID-19 pandemic. With the course of time the 
virus is getting more contagious by modifying itself geneti-
cally. So, besides vaccination we also have to maintain some 
restrictions advised by World Health Organization (WHO) 
[142, 143].

Hand hygiene is the most effective shield to protect our-
selves from various microbial infections and so as it helps 
to prevent COVID-19. Detergents, produced from petro-
chemicals, are the major component of the soaps, and high 
concentration of alcohols are used in sanitizers [144]. Soaps 
kill the microorganisms by disrupting the lipophilic member 
of cell wall where sanitizers kill them by dissolving their 
lipid membrane [145]. But both the synthetic detergents and 
alcohols are not good for our skin health, and frequently 
washing or cleaning hands by using alcohol-based sanitizers 
can cause skin dryness and irritation, they are also hazardous 
to our mother nature [144, 145]. They are generally non-
biodegradable and stay in environment for long period of 
time hampering the ecosystem [145]. Versatile abilities such 
as antiviral, antibacterial, antifungal, skin biocompatibility, 
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biodegradability, low toxicity moreover detergent properties, 
wettability make biosurfactants a potential candidate to be 
used in hand hygiene products [146]. Based on the studies 
and findings Bakkar and his co-researchers hypothesize that 
Rhamnolipid biosurfactants can be a considerable alterna-
tive of other alcohol and detergent based sanitizers and thus 
useful for this pandemic situation [147].

7.6 � Anticancer and Antitumor Activity 
of Biosurfactants

During the last few decades, the number of cancer types and 
its victim is rising continuously over the world. In this regard 
recent studies have revealed the anticancer and antitumor 
activity of Biosurfactants having minimum toxic effects. 
Biosurfactant can inhibit the growth of cancerous cell. Gly-
colipid BS MEL has been found to influence apoptosis and 
prohibit growth of mouse melanoma cells. Also, Surfactin 
is known to induce apoptosis in human breast cancer cells 
[148]. In another study it has been shown that Surfactin is 
able to show anti-cancer activities against breast cancer, 
colon cancer, Ehrlich ascites, leukemia, hapaotma [149]. 
Another study reveals that Trehalose lipid BS produced from 
Nocardia Farcinica BN26 shows antitumor activity against 
human cancer cell lines [150]. In a recent study Karapudi 
and his co-researchers investigated that Glycolipoprotein 
obtained from Acinetobacter indicus M6 exhibits significant 
antitumor activity against lung cancer cell (A549) [151]. 
Besides these there are so many established researches on 
antitumor and anticancer activity of Biosurfactants and 
researchers are trying to explore more promising strategies 
to develop better anticancer treatment.

8 � Plant Based Surfactant: Saponins and its 
Potential Application in Pharmaceutical 
World

Saponins are most widely used plant based biosurfactants 
which are generally glycosides of high molecular weight. 
They are obtained as a secondary metabolite from more than 
500 plant species. Saponins are secreted from various parts 
of plants such as bark, stem, seed, fruit, leaf, root etc. [152]. 
In recent years, interest of the researchers on saponins are 
increasing sharply as they are natural surfactant and also 
exhibit excellent characteristics such as foaming properties, 
flavour enhancer, immune stimulating property, blood cho-
lesterol reducing power, hemolytic action and many other 
interesting properties [153].

The tree Quillaja saponaria has long history of its use in 
biomedical grounds, Chilean people have used the aqueous 
bark extract of this tree as natural shampoo as surfactant 
[154]. Saponins, extracted from the Chilean soap bark tree, 

Quillaja Saponaria have huge application in pharmaceuti-
cal, cosmetics, food and photography industry and they are 
commercially available [153, 154]

Purified Quillaja extract are also used to prepare nucleic 
acid from WBC (white blood cell) [155]. Saponin DS-1 
which is produced from saponin QS-21 are extensively used 
for increase ocular and nasal delivery of insulin [156]. Sapo-
nin DS-1 also enhance the mucosal delivery of antibacterial 
agent aminoglycosides which are used to treat peritonitis 
and pneumonia caused by gram-negative bacteria [157]. A 
mixture of oil rich in omega 3 polyunsaturated fatty acids 
and purified quillaja extract can act as anti-inflammatory 
agent [158].

Other types of saponins, such as saikosaponin, extracted 
from root of the plant Bupleurum marginatum and poly-
phylla saponins extracted from the tree Parispolyphylla have 
virucidal activity against influenza A virus (H1N1) [159, 
160]. Saikosaponin also possess antiviral property at early 
stages of viral infection against coronavirus H-CoV-22E9 
[161].

In India there are almost 22 types of plant species in 
kumaun region of Uttrakhand which are used as natural sur-
factant in shampoos and soaps by local people for cleaning 
and personal hygiene maintenance [162]. So, it may be con-
cluded that natural occurring biosurfactants have potential to 
substitute alcohol-based sanitizer and synthetic surfactants 
[163] (Table 5).

9 � Saponins in Vaccine Formulation

Quillaja extract containing Quil-A (complex mixture of 
four saponins) are separated with the help of RP-HPLC 
[165] and obtained less toxic and most effective saponin 
QS-21, which is a promising adjuvant for human vaccine 
formulation [165]. This QS-21 increase both cell -mediated 
immune responses and antibody and used as an adjuvant in 
subunit vaccines for treatment of serious diseases like HIV-
1, herpes simplex virus, reovirus, plasmodium falciparum 
malaria, melanoma etc. [152, 166]. Recently Novavax com-
pany uses this QS-21 as an adjuvant for COVID -19 Vaccine 
formulation.

10 � Future Prospect and Conclusions

In pharmaceutical world surfactants has enormous appli-
cations among which many are implicated commercially. 
Specifically, in case of personal hygiene care products, 
surfactants have become inevitable because of its excellent 
foaming, cleansing, emulsifying, stabilizing, wetting prop-
erties. In recent days the covid-19 and its post pandemic 
phase demand more consciousness about personal health and 
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hygiene which invokes the growing usage of personal care 
products, detergents, cleaners as well as masks coated with 
antimicrobial agents to reduce the spread of the virus [104]. 
So, the rising demand for surfactant-based products and sur-
factant-based treatments invoke the researchers to explore 
more effective and innovative applications of surfactant.

But in spite of having its powerful utilities, synthetic 
surfactants have many adverse effects such as toxicity, non-
biodegradability resulting in contamination in ecosystem. 
For instance, Benzalkonium chloride a cationic surfactant 
used in various pharmaceutical purposes, has been reported 
to affect intrinsic neurons in the myenteric plexus of the 
small intestine [167]. Besides that, Chemical surfactants 
help the microorganisms to increase their resistance against 
antibiotics [167].

In this context the use of Biosurfactants is an eco-friendly 
and more acceptable approach over conventional chemically 
synthesized surfactants because of its several advantages 
over chemical or synthetic surfactants, such as lower eco-
toxicity, higher chemical stability, higher biodegradability, 
biocompatibility and most importantly it can be produced 
from renewable and sustainable feedstock or sources. More-
over, it obeys twelve principles of “green chemistry” and 
hence entitled as ‘green’ before its name [1].Therefore, quest 
for discovering such eco-surfactant to be used in various 
pharmaceutical applications are also increasing day after day 
replacing the chemical alternatives.

Acknowledgements  The authors acknowledge The University of Burd-
wan and Government General Degree College, Singur for providing 
infrastructural facilities.

Author contributions  Manuscript was written by BD and BK, they 
have equal contributions to this project and thus have equal authorships. 

WB and AB edited the manuscript. MHM and BS have revised the 
manuscript several times.

References

	 1.	 Mondal MH, Malik S, Roy A, Saha R, Saha B (2015) Mod-
ernization of surfactant chemistry in the age of gemini and bio-
surfactants: a review. RSC Adv 112:92707–92718

	 2.	 Mondal MH, Ali MA, Pal A, Saha B (2019) A review on micel-
lar catalyzed oxidation reactions of organic functional groups in 
aqueous medium using various transition metals. Tenside Surf 
Det 56:516–525. https://​doi.​org/​10.​3139/​113.​110654

	 3.	 Pal A, Mondal MH, Adhikari A, Bhattarai A, Saha B (2021) 
Scientific information about sugar-based emulsifiers: a compre-
hensive review. RSC Adv 11:33004–33016

	 4.	 Pal A, Garain A, Chowdhury D, Mondal MH, Saha B (2020) 
A comparative spectral study on the interaction of organic dye 
Congo-red with selective aqueous micellar media of CPC, Rham-
nolipids and Saponin. Tenside Surf Det 57:401–407

	 5.	 Mondal MH, Malik S, Garain A, Mandal S, Saha B (2017) 
Extraction of natural surfactant saponin from soapnut (Sapin-
dus mukorossi) and its utilization in the remediation of hexa-
valent chromium from contaminated water. Tenside Surf Det 
54:519–529

	 6.	 Rodrigues LR (2015) Microbial surfactants: fundamentals and 
applicability in the formulation of nano-sized drug delivery 
vectors. J Colloid Interface Sci 449:304–316. https://​doi.​org/​10.​
1016/j.​jcis.​2015.​01.​022

	 7.	 Barenholz Y (2012) Doxil®–the first FDA-approved nano-drug: 
lessons learned. J Control Release 160:117–134. https://​doi.​org/​
10.​1016/j.​jconr​el.​2012.​03.​020

	 8.	 Kadam RS, Bourne DW, Kompella UB (2012) Nano-advantage 
in enhanced drug delivery with biodegradable nanoparticles: 
contribution of reduced clearance. Drug Metab Dispos Biol Fate 
Chem 40:1380–1388. https://​doi.​org/​10.​1124/​dmd.​112.​044925

	 9.	 Malipeddi VR, Dua K, Pinto TDJA, Kikuchi IS, Kulkarni GT, 
Pant I, Awasthi R (2016) Opportunities and challenges in nano-
structure mediated drug delivery: where do we stand? Curr 
Nanomed 6:78–104

Table 5   A list of saponin based surfactants and their uses in medicinal field

Type of Saponin Extracted From Applications References

Quillaja Saponin Quillaja saponaria Used to prepare nucleic acid from wbc (white blood cell) [156]
A mixture of oil rich in omega 3 polyunsaturated fatty acids and purified 

quillaja extract can act as anti-inflammatory agent
[158]

Saponin DS-1 Saponin QS -21 Enhances ocular and nasal delivery of insulin [156]
[157]Enhances the mucosal delivery of antibacterial agent aminoglycosides 

which are used to treat peritonitis and pneumonia caused by gram-negative 
bacteria

Saiko saponin Root of Bupleurum Marginatum Antiviral Agent
Antiviral property at early stages of viral infection against coronavirus 

H-CoV-22E9

[163]
[161]

Polyphylla Saponin Parispolyphylla Antiviral Agent
Have virucidal activity against influenza A virus (H1N1)

[163]
[159, 160]

Tribulus saponin Tribulus terrestris Immune system booster, antioxidant and anti‐inflammatory agent [164]
Oleanane saponins Calendula Officinalis Antispasmodic Agent, Antiseptic Agent, For Treating Various Skin Dis-

eases, Gastric and Menstrual Discomfort
[164]

Steroidal Saponin Genus Ruscus For Treatment of Hemorrhoids, Chronic Venous Insufficiency, Orthostatic 
Hypotension, Varicose Veins Etc

[164]

https://doi.org/10.3139/113.110654
https://doi.org/10.1016/j.jcis.2015.01.022
https://doi.org/10.1016/j.jcis.2015.01.022
https://doi.org/10.1016/j.jconrel.2012.03.020
https://doi.org/10.1016/j.jconrel.2012.03.020
https://doi.org/10.1124/dmd.112.044925


476	 Chemistry Africa (2022) 5:459–480

1 3

	 10.	 Sadaghiani AS (2020) Conductometry technique to study the 
surfactants in pharmaceutical formulations. J Adv Chem Pharma 
Mat (JACPM) 3:266–268

	 11.	 Sekhon BS (2013) Surfactants: pharmaceutical and medicinal 
aspects. J Pharm Technol Res Manag 1:43–68. https://​doi.​org/​
10.​15415/​jptrm.​2013.​11004

	 12.	 Suhail M, Janakiraman AK, Khan A, Naeem A, Badshah SF 
(2019) Surfactants and their role in pharmaceutical product 
development: an overview. J Pharma Pharm 6:72–82

	 13.	 Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, 
Zhu Y, Li B, Huang CL, Chen HD, Chen J, Luo Y, Guo H, Jiang 
RD, Liu MQ, Chen Y, Shen XR, Wang X, Zheng XS, Shi ZL 
(2020) A pneumonia outbreak associated with a new coronavirus 
of probable bat origin. Nature 579(7798):270–273

	 14.	 Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, 
Erichsen S, Schiergens TS, Herrler G, Wu NH, Nitsche A, Mül-
ler MA, Drosten C, Pöhlmann S (2020) SARS-CoV-2 cell entry 
depends on ACE2 and TMPRSS2 and is blocked by a clinically 
proven protease inhibitor. Cell 181(2):271–280. https://​doi.​org/​
10.​1016/j.​cell.​2020.​02.​052

	 15.	 Mnif I, Ellouze-Chaabouni S, Ghribi D (2013) Optimization 
of inocula conditions for enhanced biosurfactant production 
by Bacillus subtilis SPB1, in submerged culture, using Box-
Behnken design. Probiotics Antimicro Prot 5:92–98. https://​doi.​
org/​10.​1007/​s12602-​012-​9113-z

	 16.	 Hoffmann M, Schroeder S, Kleine-Weber H, Müller MA, Drosten 
C, Pöhlmann S (2020) Nafamostat mesylate blocks activation of 
SARS-CoV-2: NEW TREATMENT OPTION for COVID-19. 
Antimicrob Agents Chemother 64(6):e00754-e820

	 17.	 Maggio R, Corsini GU (2020) Repurposing the mucolytic cough 
suppressant and TMPRSS2 protease inhibitor bromhexine for the 
prevention and management of SARS-CoV-2 infection. Pharma-
col Res 157:104837

	 18.	 Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, Hu Y, 
Tao ZW, Tian JH, Pei YY, Yuan ML, Zhang YL, Dai FH, Liu 
Y, Wang QM, Zheng JJ, Xu L, Holmes EC, Zhang YZ (2020) 
A new coronavirus associated with human respiratory disease 
in China. Nature 579(7798):265–269. https://​doi.​org/​10.​1038/​
s41586-​020-​2008-3

	 19.	 Mirastschijski U, Dembinski R, Maedler K (2020) Lung sur-
factant for pulmonary barrier restoration in patients with 
COVID-19 pneumonia. Front Med 7:254. https://​doi.​org/​10.​
3389/​fmed.​2020.​00254

	 20.	 Fang L, Karakiulakis G, Roth M (2020) Are patients with hyper-
tension and diabetes mellitus at increased risk for COVID-19 
infection? Lancet Respir Med 8:21. https://​doi.​org/​10.​1016/​
S2213-​2600(20)​30116-8

	 21.	 Habtemariam S, Nabavi SF, Ghavami S, Cismaru CA, Berindan-
Neagoe I, Nabavi SM (2020) Possible use of the mucolytic 
drug, bromhexine hydrochloride, as a prophylactic agent against 
SARS-CoV-2 infection based on its action on the Transmem-
brane Serine Protease 2. Pharmacol Res 157:104853. https://​doi.​
org/​10.​1016/j.​phrs.​2020.​104853

	 22.	 Al-Tawfiq JA (2020) Asymptomatic coronavirus infection: 
MERS-CoV and SARS-CoV-2 (COVID-19). Travel Med Infect 
Dis 35:101608. https://​doi.​org/​10.​1016/j.​tmaid.​2020.​101608

	 23.	 Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang X (2020) 
COVID-19 infection: the perspectives on immune responses. 
Cell Death Differ 27:1451–1454. https://​doi.​org/​10.​1038/​
s41418-​020-​0530-3

	 24.	 Logan JW, Moya FR (2009) Animal-derived surfactants for 
the treatment and prevention of neonatal respiratory distress 
syndrome: summary of clinical trials. Ther Clin Risk Manag 
5(1):251–260

	 25.	 Pandey A, Mittal A, Chauhan N, Alam S (2014) Role of sur-
factants as penetration enhancer in transdermal drug delivery 

system. J Mol Pharm Org Process Res 2:113. https://​doi.​org/​10.​
4172/​2329-​9053.​10001​13

	 26.	 Shah S, Bhattarai A, Chatterjee S (2010) Surfactants, its applica-
tions and effects on environment. BIBECHANA 7:61–64. https://​
doi.​org/​10.​3126/​bibec​hana.​v7i0.​4047v

	 27.	 Anurova MN, Demina NB, Bakhrushina EO, (2021) Perme-
ability Enhancers in Transdermal Delivery System Technology 
(Review). Pharm Chem J, 54: 1162. https://​link.​gale.​com/​apps/​
doc/​A6513​59020/​AONE?u=​anon~269f6​4d9&​sid=​googl​eScho​
lar&​xid=​dc001​3ef

	 28.	 Tamang N, Shrestha P, Khadka B, Mondal MH, Saha B, Bhat-
tarai A (2022) A review of biopolymers’ utility as emulsion sta-
bilizers. Polymers 14:127. https://​doi.​org/​10.​3390/​polym​14010​
127

	 29.	 Chowdhury B, Mondal MH, Barman MK, Saha B (2019) A study 
on the synthesis of alkaline copper(III)-periodate (DPC) com-
plex with an overview of its redox behavior in aqueous micellar 
media. Res Chem Intermed 45:789–800. https://​doi.​org/​10.​1007/​
s11164-​018-​3643-2

	 30.	 Mitragotri S (2000) Synergistic effect of enhancers for transder-
mal drug delivery. Pharm Res. 1354–1359

	 31.	 Benson HA (2005) Transdermal drug delivery: penetration 
enhancement techniques. Curr Drug Deliv 2:23–33

	 32.	 Watson MC, Penev ES, Welch PM, Brown FLH (2011) Ther-
mal fluctuations in shape, thickness, and molecular orientation 
in lipid bilayers. J Chem Phys 135:244701. https://​doi.​org/​10.​
1063/1.​36606​73

	 33.	 Zp L, Liu Q, Lu XW (2002) Effects of Azone of different con-
centrations on percutaneous absorption of baicalin in vitro. Di 
Yi Jun Yi Da Xue Xue Bao 11:1003–1004

	 34.	 Abdullah GZ, Abdulkarim MF, Salman IM (2011) In vitro per-
meation and in vivo anti-inflammatory and analgesic properties 
of nanoscaled emulsions containing ibuprofen for topical deliv-
ery. Int J Nanomed 6:387–396

	 35.	 Elyan BM, Sidhom MB, Plakogiannis FM (1996) Evaluation of 
the effect of different fatty acids on the percutaneous absorption 
of metaproterenol sulfate. J Pharm Sci 85:101–105

	 36.	 Shin SC, Choi JS (2005) Enhanced efficacy of triprolidine by 
transdermal application of the EVA matrix system in rabbits and 
rats. Eur J Pharm Biopharm 61:14–19

	 37.	 Nie S, Hsiao WL, Pan W, Yang Z (2011) Thermoreversible Plu-
ronic F127-based hydrogel containing liposomes for the con-
trolled delivery of paclitaxel: in vitro drug release, cell cytotox-
icity, and uptake studies. Int J Nanomed 6:151–166. https://​doi.​
org/​10.​2147/​IJN.​S15057

	 38.	 Pathan IB, Setty CM (2011) Enhancement of transdermal deliv-
ery of tamoxifen citrate using nanoemulsion vehicle. Int J Pharm 
Tech Res 3:287–297

	 39.	 López AF, Llinares F, Cortell C, Herraez M (2000) Comparative 
enhancer effects of SpanŪ20 with TweenŪ20 and AzoneŪ on the 
in vitro percutaneous penetration of compounds with different 
lipophilicities. Int J Pharm 202:133–140

	 40.	 Azeem A, Ahmad FJ, Khar RK, Talegaonkar S (2009) Nanocar-
rier for the transdermal delivery of an antiparkinsonian drug. 
AAPS PharmSciTech 10:1093–1103

	 41.	 Sankar V, Praveen C, Prasanth KG, Srinivas CR, Ruckmann K 
(2009) Formulation and evaluation of a proniosome hydrocor-
tisone gel in comparison with a commercial cream. Pharmazie 
64:731–734

	 42.	 Zar T, Graeber C, Perazella MA (2007) Reviews: recognition, 
treatment, and prevention of propylene glycol toxicity. InSemi-
nars Dial 20:217–219

	 43.	 Shishu R, Kamalpreet S (2009) Development of novel micro-
emulsion-based topical formulations of acyclovir for the treat-
ment of cutaneous herpetic infections. AAPS PharmSciTech 
10:559–565

https://doi.org/10.15415/jptrm.2013.11004
https://doi.org/10.15415/jptrm.2013.11004
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1007/s12602-012-9113-z
https://doi.org/10.1007/s12602-012-9113-z
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.3389/fmed.2020.00254
https://doi.org/10.3389/fmed.2020.00254
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/j.phrs.2020.104853
https://doi.org/10.1016/j.phrs.2020.104853
https://doi.org/10.1016/j.tmaid.2020.101608
https://doi.org/10.1038/s41418-020-0530-3
https://doi.org/10.1038/s41418-020-0530-3
https://doi.org/10.4172/2329-9053.1000113
https://doi.org/10.4172/2329-9053.1000113
https://doi.org/10.3126/bibechana.v7i0.4047v
https://doi.org/10.3126/bibechana.v7i0.4047v
https://link.gale.com/apps/doc/A651359020/AONE?u=anon~269f64d9&sid=googleScholar&xid=dc0013ef
https://link.gale.com/apps/doc/A651359020/AONE?u=anon~269f64d9&sid=googleScholar&xid=dc0013ef
https://link.gale.com/apps/doc/A651359020/AONE?u=anon~269f64d9&sid=googleScholar&xid=dc0013ef
https://doi.org/10.3390/polym14010127
https://doi.org/10.3390/polym14010127
https://doi.org/10.1007/s11164-018-3643-2
https://doi.org/10.1007/s11164-018-3643-2
https://doi.org/10.1063/1.3660673
https://doi.org/10.1063/1.3660673
https://doi.org/10.2147/IJN.S15057
https://doi.org/10.2147/IJN.S15057


477Chemistry Africa (2022) 5:459–480	

1 3

	 44.	 Kushla GP, Zatz JL, Mills OH, Berger RS (1993) Noninvasive 
assessment of anesthetic activity of topical lidocaine formula-
tions. J Pharm Sci 82:1118–1122

	 45.	 Lopes LB, Murphy N, Nornoo A (2009) Enhancement of trans-
dermal delivery of progesterone using medium-chain mono and 
diglycerides as skin penetration enhancers. Pharm Dev Technol 
14:524–529

	 46.	 Augiar AJ, Weiner MA (1969) Percutaneous absorption of chlo-
ramphenicol solution. J Pharm Sci 58:210–215

	 47.	 Parikh DK, Ghosh TK (2005) Feasibility of transdermal delivery 
of fluoxetine. AAPS PharmSciTech 6:144–149

	 48.	 Patel MR, Patel RB, Parikh JR, Solanki AB, Patel BG (2009) 
Effect of formulation components on the in vitro permeation 
of microemulsion drug delivery system of fluconazole. AAPS 
PharmSciTech 10:917–923

	 49.	 Fini A, Bergamante V, Ceschel GC, Ronchi C, De Moraes CA 
(2008) Control of transdermal permeation of hydrocortisone 
acetate from hydrophilic and lipophilic formulations. AAPS 
PharmSciTech 9:762–768

	 50.	 Dimmitt P (2005) Cerumen removal products. J Pediatr Health 
Care 19:332–336

	 51.	 Mahale NB, Thakkar PD, Mali RG, Walunj DR, Chaudhari SR 
(2012) Niosomes: novel sustained release nonionic stable vesicu-
lar systems—an overview. Adv Colloid Interface Sci 183:46–54

	 52.	 Ge X, Wei M, He S, Yuan WE (2019) Advances of non-ionic sur-
factant vesicles (niosomes) and their application in drug delivery. 
Pharmaceutics 11:55

	 53.	 Barenholz YC (2012) Doxil®—the first FDA-approved nano-
drug: lessons learned. J Control Release 160:117–134

	 54.	 Moghassemi S, Hadjizadeh A (2014) Nano-niosomes as 
nanoscale drug delivery systems: an illustrated review. J Control 
Release 185:22–36

	 55.	 Mintzer MA, Simanek EE (2009) Nonviral vectors for gene deliv-
ery. Chem Rev 109:259–302

	 56.	 Puras G, Mashal M, Zárate J, Agirre M, Ojeda E, Grijalvo S, 
Eritja R, Diaz-Tahoces A, Navarrete GM, Avilés-Trigueros M, 
Fernández E (2014) A novel cationic niosome formulation for 
gene delivery to the retina. J Control Release 174:27–36

	 57.	 Vyas SP, Singh RP, Jain S, Mishra V, Mahor S, Singh P, Gupta 
PN, Rawat A, Dubey P (2005) Non-ionic surfactant based vesi-
cles (niosomes) for non-invasive topical genetic immunization 
against hepatitis B. Int J Pharm 296:80–86

	 58.	 Yang C, Gao S, Song P, Dagnæs-Hansen F, Jakobsen M, Kjems 
J (2018) Theranostic niosomes for efficient siRNA/MicroRNA 
delivery and activatable near-infrared fluorescent tracking of 
stem cells. Acs Appl Mater Interfaces 10:19494–19503

	 59.	 Shilpa S, Srinivasan BP, Chauhan M (2011) Niosomes as vesicu-
lar carriers for delivery of proteins and biologicals. Int Int J Drug 
Deliv 3:14

	 60.	 Khaksa G, D’Souza R, Lewis S, Udupa N (2000) Pharmacoki-
netic study of niosome encapsulated insulin. Ind J Exp Bio 
38(9):901–905

	 61.	 Ning M, Guo Y, Pan H, Yu H, Gu Z (2005) Niosomes with sorbi-
tan monoester as a carrier for vaginal delivery of insulin: studies 
in rats. Drug Deliv 12(6):399–407

	 62.	 Vangala AK, Perrie Y (2003) Preparation and characterisation of 
DNA loaded non-ionic surfactant vesicles. J Pharm Pharmacol 
55:101–101

	 63.	 Pardakhty A, Moazeni E, Varshosaz J, Hajhashemi V, Rouhola-
mini Najafabadi A (2011) Pharmacokinetic study of niosome-
loaded insulin in diabetic rats. Daru J Faculty Pharm Tehran Univ 
Med Sci 19(6):404–411

	 64.	 Yoshida H, Lehr CM, Kok W, Junginger HE, Verhoef JC, Bou-
wstra JA (1992) Niosomes for oral delivery of peptide drugs. J 
Control Release 21:145–154

	 65.	 Anil V, Daniel K, Ida R, Else Marie A, Peter A, Yvonne P (2010) 
A comparative study of cationic liposome and niosome-based 
adjuvant systems for protein subunit vaccines: characterisation, 
environmental scanning electron microscopy and immunisation 
studies in mice. J Pharm Pharm 58:787–799

	 66.	 Rentel CO, Bouwstra JA, Naisbett B, Junginger HE (1999) 
Niosomes as a novel peroral vaccine delivery system. Int J Pharm 
186(2):161–167

	 67.	 Taymouri S, Varshosaz J (2016) Effect of different types of sur-
factants on the physical properties and stability of carvedilol 
nano-niosomes. Adv Biomed Res 5:48

	 68.	 Wang J, Sui M, Fan W (2010) Nanoparticles for tumor tar-
geted therapies and their pharmacokinetics. Curr Drug Metab 
11(2):129–141

	 69.	 Salem HF, Kharshoum RM, Abo El-Ela FI, Gamal FA, Abdel-
latif K (2018) Evaluation and optimization of pH-responsive 
niosomes as a carrier for efficient treatment of breast cancer. 
Drug Deliv Transl Res 8(3):633–644

	 70.	 Tavano L, Muzzalupo R, Mauro L, Pellegrino M, Andò S, Picci 
N (2013) Transferrin-conjugated pluronic niosomes as a new 
drug delivery system for anticancer therapy. Langmuir Acs J Surf 
Colloids 29(41):12638–12646

	 71.	 Pardakhty A, Varshosaz J, Rouholamini A (2007) In vitro study 
of polyoxyethylene alkyl ether niosomes for delivery of insulin. 
Int J Pharm 328(2):130–141

	 72.	 Junyaprasert VB, Singhsa P, Jintapattanakit A (2013) Influence 
of chemical penetration enhancers on skin permeability of ellagic 
acid-loaded niosomes. Asian J Pharm Sci 8:110–117

	 73.	 Jiradej M, Narinthorn K, Worapaka M, Friedrich GT, Werner 
RG, Aranya M (2010) Enhancement of transdermal absorption, 
gene expression and stability of tyrosinase plasmid (pMEL34)-
loaded elastic cationic niosomes: potential application in vitiligo 
treatment. J Pharm Sci 99:3533–3541

	 74.	 Dufes C, Gaillard F, Uchegbu IF, Schätzlein AG, Olivier JC, 
Muller JM (2004) Glucose-targeted niosomes deliver vasoactive 
intestinal peptide (VIP) to the brain. Int J Pharm 285(1–2):77–85

	 75.	 Sarthak M, Chiranjib B, Surajit G, Jagannath K, Nilmoni S 
(2013) Modulation of the photophysical properties of cur-
cumin in nonionic surfactant (Tween-20) forming micelles and 
niosomes: a comparative study of different microenvironments. 
J Phys Chem B 117(23):6957–6968

	 76.	 Attia N, Mashal M, Grijalvo S, Eritja R, Zárate J, Puras G, Pedraz 
JL (2018) Stem-cell based gene delivery mediated by cationic 
niosomes for bone regeneration. Nanomed Nanotechnol Biol 
Med 14(2):521–531

	 77.	 Wilkhu J (2013) Non-Ionic Surfactant Technology for the Deliv-
ery and Administration of Sub-Unit Flu Antigens. Ph.D. Thesis, 
Aston University, Birmingham, UK

	 78.	 Pennings FH, Kwee BL, Vromans H (2006) Influence of enzymes 
and surfactants on the disintegration behavior of cross-linked 
hard gelatin capsules during dissolution. Drug Dev Ind Pharm 
32(1):33–37

	 79.	 Lachman L, Lieberman HA, Kanig JL (1991) The Theory and 
practice of industrial pharmacy. Bombay: Varghese Pub. House 
3rd Edition: 568–570

	 80.	 Reshad M, Nesbit M, Petrie A (2009) Chlorhexidine gluco-
nate mouthwashes as a surfactant for addition-reaction silicone 
impressions. Eur J Prosthodont Restor Dent 17(1):2–8

	 81.	 Wu YN, Yang LX, Shi XY, Li IC, Biazik JM, Ratinac KR, Chen 
DH, Thordarson P, Shieh DB, Braet F (2011) The selective 
growth inhibition of oral cancer by iron core-gold shell nanopar-
ticles through mitochondria-mediated autophagy. Biomaterials 
32(20):4565–4573

	 82.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomata-
ram I, Jemal A, Bray F (2021) Global Cancer Statistics 2020: 



478	 Chemistry Africa (2022) 5:459–480

1 3

GLOBOCAN Estimates of Incidence and Mortality World-
wide for 36 Cancers in 185 Countries. CA Cancer J Clin 
71(3):209–249

	 83.	 Chen N, He Y, Su Y, Li X, Huang Q, Wang H, Zhang X, Tai R, 
Fan C (2012) The cytotoxicity of cadmium-based quantum dots. 
Biomaterials 33(5):1238–1244

	 84.	 Ahamed M, Akhtar MJ, Raja M, Ahmad I, Siddiqui MKJ, Alsalhi 
MS, Alrokayan SA (2011) ZnO nanorod-induced apoptosis in 
human alveolar adenocarcinoma cells via p53, survivin and 
bax/bcl-2 pathways: role of oxidative stress. Nanomedicine 
7:904–913

	 85.	 Khan MI, Mohammad A, Patil G, Naqvi SA, Chauhan LK, 
Ahmad I (2012) Induction of ROS, mitochondrial damage and 
autophagy in lung epithelial cancer cells by iron oxide nanopar-
ticles. Biomaterials 33(5):1477–1488

	 86.	 Kaur P, Garg T, Rath G, Murthy RSR, Goyal AK (2016) Sur-
factant-based drug delivery systems for treating drug-resistant 
lung cancer. Drug Deliv 23:717–728

	 87.	 Wu SH, Hang LW, Yang JS, Chen HY, Lin HY, Chiang JH, 
Lu CC, Yang JL, Lai TY, Ko YC, Chung JG (2010) Curcumin 
induces apoptosis in human non-small cell lung cancer NCI-
H460 cells through ER stress and caspase cascade- and mito-
chondria-dependent pathways. Anticancer Res 30(6):2125–2133

	 88.	 Shivaji K, Mani S, Ponmurugan P, Castro CSD, Davies MLD, 
Balasubramanian MG, Pitchaimuthu S (2018) Green synthesis 
derived CdS quantum dots using tea leaf extract: antimicrobial, 
bioimaging and therapeutic applications in lung cancer cell. ACS 
Appl Nano Mater 1:1683–1693. https://​doi.​org/​10.​1021/​acsanm.​
8b001​47

	 89.	 Shao L, Song X, Ma X, Li H, Qu Y (2012) Bioactivities of 
sophorolipid with different structures against human esophageal 
cancer cells. J Surg Res 173(2):286–291

	 90.	 Fu SL, Wallner SR, Bowne WB, Hagler MD, Zenilman ME, 
Gross R, Bluth MH (2008) Sophorolipids and their derivatives 
are lethal against human pancreatic cancer cells. J Surg Res 
148(1):77–82

	 91.	 IUPAC Chemical Nomenclature and Structure Representa-
tion Division (2013). "P-51.4.1". In: Favre HA, Powell WH 
(eds) Nomenclature of Organic Chemistry: IUPAC Recom-
mendations and Preferred Names 2013. IUPAC–RSC. ISBN 
978-0-85404-182-4

	 92.	 Raymond EG, Lien CP, Luoto J (2004) Contraceptive effective-
ness and safety of five nonoxynol-9 spermicides: a randomized 
trial. Obstet Gynecol 103(3):430–439

	 93.	 Siegfried N (2003) Nonoxynol-9 for preventing vaginal acquisi-
tion of HIV infection by women from men. Reproductive Health 
Library. Geneva: World Health Organization. Retrieved 21 Feb 
2010

	 94.	 Chokshi U, Selvam P, Porcar L, da Rocha SR (2009) Basics 
and potential applications of surfactants—a review. Int J Pharm 
369:176–184

	 95.	 Geetha S, Banat IM, Joshi SJ, Agric J (2018) Biosurfactants: 
production and potential applications in microbial enhanced oil 
recovery (MEOR). Biotechnol Sustain Dev 14:23–32. https://​doi.​
org/​10.​1016/j.​bcab.​2018.​01.​010

	 96.	 Jiménez-Peñalver P, Rodríguez A, Daverey A, Font X, Gea T 
(2019) Use of wastes for sophorolipids production as a transi-
tion to circular economy: state of the art and perspectives. Rev 
Environ Sci Biotechnol 18(3):413–435

	 97.	 Fei D, Zhou GW, Yu ZQ, Gang HZ, Liu JF, Yang SZ, Mu BZ 
(2020) Low-toxic and nonirritant biosurfactant surfactin and its 
performances in detergent formulations. J Surfactants Deterg 
23(1):109–118

	 98.	 Helmy Q, Gustiani S, Mustikawati AT, (2020) Application of 
rhamnolipid biosurfactant for biodetergent formulation. IOP 

Conf. Ser.: Mater. Sci. Eng. 823: 012014, https://​doi.​org/​10.​
1088/​17578​99X/​823/1/​012014

	 99.	 Drakontis CE, Amin S (2020) Design of sustainable lip gloss 
formulation with biosurfactants and silica particles. Int J Cosmet 
Sci 42(6):573–580

	100.	 Landman D, Georgescu C, Martin DA, Quale J (2008) Polymyx-
ins revisited. Clin Microbiol Rev 21(3):449–465

	101.	 Huang X, Lu Z, Zhao H, Bie X, Lü F, Yang S (2006) Antiviral 
activity of antimicrobial lipopeptide from Bacillus subtilis fmbj 
against pseudorabies virus, porcine parvovirus, newcastle disease 
virus and infectious bursal disease virus in vitro. Int J Pept Res 
Ther 12(4):373–377

	102.	 Remichkova M, Galabova D, Roeva I, Karpenko E, Shulga A, 
Galabov AS (2008) Anti-herpesvirus activities of Pseudomonas 
sp. S-17 rhamnolipid and its complex with alginate. Zeitschrift 
fur Naturforschung. C, Journal of biosciences, 63(1–2): 75–81. 
https://​doi.​org/​10.​1515/​znc-​2008-1-​214

	103.	 Jin L, Black W, Sawyer T (2021) Application of environment-
friendly rhamnolipids against transmission of enveloped viruses 
like SARS-CoV2. Viruses 13(2):322

	104.	 Shah V, Doncel GF, Seyoum T, Eaton KM, Zalenskaya I, Hagver 
R, Azim A, Gross R (2005) Sophorolipids, microbial glycolipids 
with anti-human immunodeficiency virus and sperm-immobi-
lizing activities antimicrob. Agents Chemother 49:4093–4410. 
https://​doi.​org/​10.​1128/​AAC.​49.​10.​4093-​4100.​2005

	105.	 Basit M, Rasool MH, Naqvi SAR, Waseem M, Aslam B (2018) 
Biosurfactants production potential of native strains of Bacillus 
cereus and their antimicrobial, cytotoxic and antioxidant activi-
ties. Pak J Pharm Sci 31:1

	106.	 Abalos A, Pinazo A, Infante MR, Casals M, Garcia F, Manresa 
A (2001) Physicochemical and antimicrobial properties of new 
rhamnolipids produced by Pseudomonas aeruginosa AT10 from 
soybean oil refinery wastes. Langmuir 17(5):1367–1371

	107.	 Morais IMC, Cordeiro AL, Teixeira GS, Domingues VS, Nardi 
RMD, Monteiro AS, Santos VL (2017) Biological and physico-
chemical properties of biosurfactants produced by Lactobacillus 
jensenii P6A and Lactobacillus gasseri P65. Microb Cell Fact 
16(1):1–15

	108.	 Yang X, Huang E, Yuan C, Zhang L, Yousef AE (2016) Iso-
lation and structural elucidation of brevibacillin, an antimicro-
bial lipopeptide from Brevibacillus laterosporus that combats 
drug-resistant Gram-positive bacteria. Appl Environ Microbiol 
82(9):2763–2772

	109.	 Mnif I, Grau-Campistany A, Coronel-León J, Hammami I, Triki 
MA, Manresa A, Ghribi D (2016) Purification and identification 
of Bacillus subtilis SPB1 lipopeptide biosurfactant exhibiting 
antifungal activity against Rhizoctonia bataticola and Rhizocto-
nia solani. Environ Sci Pollut Res Int 23(7):6690–6699. https://​
doi.​org/​10.​1007/​s11356-​015-​5826-3

	110.	 Mani P, Dineshkumar G, Jayaseelan T, Deepalakshmi K, Ganesh 
Kumar C, Senthil Balan S. (2016) Antimicrobial activities of a 
promising glycolipid biosurfactant from a novel marine Staphy-
lococcus saprophyticus SBPS 15. 3 Biotech 6(2): 1–9.

	111.	 Sen S, Borah SN, Kandimalla R, Bora A, Deka S (2019) Efficacy 
of a rhamnolipid biosurfactant to inhibit Trichophyton rubrum 
in vitro and in a mice model of dermatophytosis. Exp Dermatol 
28(5):601–608

	112.	 Ndlovu T, Rautenbach M, Vosloo JA, Khan S, Khan W (2017) 
Characterisation and antimicrobial activity of biosurfactant 
extracts produced by Bacillus amyloliquefaciens and Pseu-
domonas aeruginosa isolated from a wastewater treatment plant. 
AMB Express 7(1):1–19

	113.	 Medeot DB, Fernandez M, Morales GM, Jofré E (2020) Fengy-
cins from Bacillus amyloliquefaciens MEP218 exhibit antibac-
terial activity by producing alterations on the cell surface of 

https://doi.org/10.1021/acsanm.8b00147
https://doi.org/10.1021/acsanm.8b00147
https://doi.org/10.1016/j.bcab.2018.01.010
https://doi.org/10.1016/j.bcab.2018.01.010
https://doi.org/10.1088/1757899X/823/1/012014
https://doi.org/10.1088/1757899X/823/1/012014
https://doi.org/10.1515/znc-2008-1-214
https://doi.org/10.1128/AAC.49.10.4093-4100.2005
https://doi.org/10.1007/s11356-015-5826-3
https://doi.org/10.1007/s11356-015-5826-3


479Chemistry Africa (2022) 5:459–480	

1 3

the pathogens Xanthomonas axonopodis pv. vesicatoria and 
Pseudomonas aeruginosa PA01. Front Microbiol 10:3107

	114.	 Vecino X, Rodríguez-López L, Ferreira D, Cruz JM, Moldes 
AB, Rodrigues LR (2018) Bioactivity of glycolipopeptide 
cell-bound biosurfactants against skin pathogens. Int J Biol 
Macromol 109:971–979

	115.	 Sutyak KE, Wirawan RE, Aroutcheva AA, Chikindas ML 
(2008) Isolation of the Bacillus subtilis antimicrobial peptide 
subtilosin from the dairy product-derived Bacillus amylolique-
faciens. J Appl Microbiol 104(4):1067–1074

	116.	 Cotter PD, Hill C, Ross RP (2005) Bacteriocins: developing 
innate immunity for food. Nat Rev Microbiol 3(10):777–788

	117.	 Teichmann B, Linne U, Hewald S, Marahiel MA, Bölker M 
(2007) A biosynthetic gene cluster for a secreted cellobiose 
lipid with antifungal activity from Ustilago maydis. Mol 
Microbiol 66:525–533. https://​doi.​org/​10.​1111/j.​1365-​2958.​
2007.​05941.x

	118.	 Begley M, Cotter PD, Hill C, Ross RP (2009) Identification of 
a novel two-peptide lantibiotic, lichenicidin, following rational 
genome mining for LanM proteins. App Environ Microb 
75:5451–5460

	119.	 Morita Y, Tadokoro S, Sasai M, Kitamoto D, Hirashima N. 
(2011) Biosurfactant mannosyl-erythritol lipid inhibits secretion 
of inflammatory mediators from RBL-2H3 cells. Biochimica et 
Biophysica Acta (BBA)-General Subjects. 1810(12): 1302–1308.

	120.	 Kitamoto D, Yanagishita H, Shinbo T, Nakane T, Kamisawa C, 
Nakahara T (1993) Surface active properties and antimicrobial 
activities of mannosylerythritol lipids as biosurfactants produced 
by Candida antarctica. J Biotechnol 29(1–2):91–96

	121.	 Hagler M, Smith-Norowitz TA, Chice S, Wallner SR, Viterbo 
D, Mueller CM, Bluth MH (2007) Sophorolipids decrease IgE 
production in U266 cells by downregulation of BSAP (Pax5), 
TLR-2, STAT3 and IL-6. J Allergy Clin Immunol 119(1):S263

	122.	 Vakil H, Sethi S, Fu S, Stanek A, Wallner S, Gross R (2010) 
Sophorolipids decrease pulmonary inflammation in a mouse 
asthma model. Nature 90:392A-392A

	123.	 Shah V, Badia D, Ratsup P (2007) Sophorolipids having 
enhanced antibacterial activity. Anti microb Agents Chemother 
51:397–400

	124.	 Subramaniam MD, Venkatesan D, Iyer M, Subbarayan S, 
Govindasami V, Roy A, Narayanasamy A, Kamalakannan S, 
Gopalakrishnan AV, Thangarasu R, Kumar NS, Vellingiri B 
(2020) Biosurfactants and anti-inflammatory activity: a potential 
new approach towards COVID-19. Curr Opin Environ Sci Health 
17:72–81. https://​doi.​org/​10.​1016/j.​coesh.​2020.​09.​002

	125.	 Baeva TA, Gein SV, Kuyukina MS, Ivshina IB, Kochina OA, 
Chereshnev VA (2014) Effect of glycolipid Rhodococcus biosur-
factant on secretory activity of neutrophils in vitro. Bul Exp Biol 
Med 157:238–242. https://​doi.​org/​10.​1007/​s10517-​014-​2534-9

	126.	 Zhang Y, Liu L, Liu YZ, Shen XL, Wu TY, Zhang T, Wang 
W, Wang YX, Jiang CL (2015) NLRP3 inflammasome mediates 
chronic mild stress-induced depression in mice via neuroinflam-
mation. Int J Neuropsychopharmacol 18(8):pyv006. https://​doi.​
org/​10.​1093/​ijnp/​pyv006

	127.	 Park SY, Kim JH, Lee SJ, Kim Y (2013) Involvement of PKA and 
HO-1 signaling in anti-inflammatory effects of surfactin in BV-2 
microglial cells. Toxicol Appl Pharmacol 268:68–78. https://​doi.​
org/​10.​1016/j.​taap.​2013.​01.​017 (PMID: 23360889)

	128.	 Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser 
J (2007) Free radicals and antioxidants in normal physiological 
functions and human disease. Int J Biochem Cell Biol 39(1):44–
84. https://​doi.​org/​10.​1016/j.​biocel.​2006.​07.​001

	129.	 Abdollahi S, Tofighi Z, Babaee T, Shamsi M, Rahimzadeh G, 
Rezvanifar H, Saeidi E, Mohajeri AM, Saffari AY, Samadi N 
(2020) Evaluation of anti-oxidant and anti-biofilm activities of 
biogenic surfactants derived from Bacillus amyloliquefaciens 

and Pseudomonas aeruginosa. Iran J Pharm Res 19(2):115–126. 
https://​doi.​org/​10.​22037/​IJPR.​2020.​11010​33

	130.	 Markande AR, Patel D, Varjani S (2021) A review on biosur-
factants: properties, applications and current developments. 
Biores Technol 330:124963. https://​doi.​org/​10.​1016/j.​biort​ech.​
2021.​124963

	131.	 Zouari R, Moalla-Rekik D, Sahnoun Z, Rebai T, Ellouze-
Chaabouni S, Ghribi-Aydi D (2016) Evaluation of dermal wound 
healing and in vitro antioxidant efficiency of Bacillus subtilis 
SPB1 biosurfactant. Biomed Pharmacother 84:878–891

	132.	 Ohadi M, Forootanfar H, Rahimi HR, Jafari E, Shakibaie M, 
Eslaminejad T, Dehghannoudeh G (2017) Antioxidant potential 
and wound healing activity of biosurfactant produced by Acineto-
bacter junii B6. Curr Pharm Biotechnol 18(11):900–908. https://​
doi.​org/​10.​2174/​13892​01018​66617​11221​21350

	133.	 Giri SS, Ryu EC, Sukumaran V, Park SC (2019) Antioxidant, 
antibacterial, and anti-adhesive activities of biosurfactants iso-
lated from Bacillus strains. Microb Pathog 132:66–72. https://​
doi.​org/​10.​1016/j.​micpa​th.​2019.​04.​035

	134.	 Takahashi M, Morita T, Fukuoka T, Imura T, Kitamoto D (2012) 
Glycolipid biosurfactants, mannosylerythritol lipids, show anti-
oxidant and protective effects against H2O2-induced oxidative 
stress in cultured human skin fibroblasts. J Oleo Sci 61:457–464

	135.	 Mouafo HT, Mbawala A, Somashekar D, Tchougang HM, Haro-
hally NV, Ndjouenkeu R (2021) Biological properties and struc-
tural characterization of a novel rhamnolipid like-biosurfactants 
produced by Lactobacillus casei subsp. casei TM1B. Biotechnol 
Appl Biochem 68:585–596

	136.	 Merghni A, Dallel I, Noumi E, Kadmi Y, Hentati H, Tobji S, Ben 
Amor A, Mastouri M (2017) Antioxidant and antiproliferative 
potential of biosurfactants isolated from Lactobacillus casei and 
their anti-biofilm effect in oral Staphylococcus aureus strains. 
Microb Pathog 104:84–89. https://​doi.​org/​10.​1016/j.​micpa​th.​
2017.​01.​017

	137.	 Ohadi M, Shahravan A, Dehghannoudeh N, Eslaminejad T, 
Banat IM, Dehghannoudeh G (2020) Potential use of microbial 
surfactant in microemulsion drug delivery system: a systematic 
review. Drug Des Dev Ther 14:541–550. https://​doi.​org/​10.​2147/​
DDDT.​S2323​25

	138.	 Kiran GS, Selvin J, Manilal A, Sujith S (2011) Biosurfactants 
as green stabilizers for the biological synthesis of nanoparticles. 
Crit Rev Biotechnol 31(4):354–364. https://​doi.​org/​10.​3109/​
07388​551.​2010.​539971

	139.	 Kumar CG, Mamidyala SK, Das B, Sridhar B, Devi GS, Karuna 
MS (2010) Synthesis of biosurfactant-based silver nanoparticles 
with purified rhamnolipids isolated from Pseudomonas aerugi-
nosa BS-161R. J Microbiol Biotechnol 20(7):1061–1068. https://​
doi.​org/​10.​4014/​jmb.​1001.​01018

	140.	 Hazra C, Kundu D, Chatterjee A, Chaudhari A, Mishra S (2014) 
Poly(methyl methacrylate) (core)–biosurfactant (shell) nanopar-
ticles: size controlled sub-100 nm synthesis, characterization, 
antibacterial activity, cytotoxicity and sustained drug release 
behavior. Colloids Surf a Physicochem Eng Asp 449:96–113. 
https://​doi.​org/​10.​1016/j.​colsu​rfa.​2014.​02.​051

	141.	 WHO, Coronavirus Disease (COVID-2019) Situation Reports. 
Situation Report 206, 13 August 2020. 2020, https://​www.​who.​
int/​emerg​encies/​disea​ses/​novel-​coron​avirus-​2019/​situa​tion-​repor​
ts/. Accessed 14 Aug 2020

	142.	 WHO, Coronavirus Disease (COVID-19) Advice for the Pub-
lic, Last updated 4 June 2020. 2020, https://​www.​who.​int/​emerg​
encies/​disea​ses/​novel-​coron​avirus-​2019/​advice-​for-​public. 
Accessed 29 July 2020

	143.	 Pironti C, Motta O, Ricciardi M, Camin F, Cucciniello R, Proto 
A (2020) Characterization and authentication of commercial 
cleaning products formulated with biobased surfactants by stable 
carbon isotope ratio. Talanta 219:121256

https://doi.org/10.1111/j.1365-2958.2007.05941.x
https://doi.org/10.1111/j.1365-2958.2007.05941.x
https://doi.org/10.1016/j.coesh.2020.09.002
https://doi.org/10.1007/s10517-014-2534-9
https://doi.org/10.1093/ijnp/pyv006
https://doi.org/10.1093/ijnp/pyv006
https://doi.org/10.1016/j.taap.2013.01.017
https://doi.org/10.1016/j.taap.2013.01.017
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.22037/IJPR.2020.1101033
https://doi.org/10.1016/j.biortech.2021.124963
https://doi.org/10.1016/j.biortech.2021.124963
https://doi.org/10.2174/1389201018666171122121350
https://doi.org/10.2174/1389201018666171122121350
https://doi.org/10.1016/j.micpath.2019.04.035
https://doi.org/10.1016/j.micpath.2019.04.035
https://doi.org/10.1016/j.micpath.2017.01.017
https://doi.org/10.1016/j.micpath.2017.01.017
https://doi.org/10.2147/DDDT.S232325
https://doi.org/10.2147/DDDT.S232325
https://doi.org/10.3109/07388551.2010.539971
https://doi.org/10.3109/07388551.2010.539971
https://doi.org/10.4014/jmb.1001.01018
https://doi.org/10.4014/jmb.1001.01018
https://doi.org/10.1016/j.colsurfa.2014.02.051
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public


480	 Chemistry Africa (2022) 5:459–480

1 3

	144.	 Golin AP, Choi D, Ghahary A (2020) Hand sanitizers: a review 
of ingredients, mechanisms of action, modes of delivery, and effi-
cacy against coronaviruses. Am J Infect Control 48:1062–1067. 
https://​doi.​org/​10.​1016/j.​ajic.​2020.​06.​182

	145.	 Jahromi R, Mogharab V, Jahromi H, Avazpour A (2020) Syn-
ergistic effects of anionic surfactants on coronavirus (SARS-
CoV-2) virucidal efficiency of sanitizing fluids to fight COVID-
19. Food chem toxicol 145:111702. https://​doi.​org/​10.​1016/j.​fct.​
2020.​111702

	146.	 Bakkar MR, Faraag AHI, Soliman ERS, Fouda MS, Sarguos 
AMM, McLean GR, Hebishy AMS, Elkhouly GE, Raya NR, 
Abo-zeid Y (2021) Rhamnolipids nano-micelles as a potential 
hand sanitizer. Antibiotics 10:751. https://​doi.​org/​10.​3390/​antib​
iotic​s1007​0751

	147.	 Cao XH, Wang AH, Wang CL, Mao DZ, Lu MF, Cui YQ, Jiao 
RZ (2010) Surfactin induces apoptosis in human breast cancer 
MCF-7 cells through a ROS/JNK-mediated mitochondrial/cas-
pase pathway. Chem Biol Interact 183(3):357–362. https://​doi.​
org/​10.​1016/j.​cbi.​2009.​11.​027

	148.	 Wu YS, Ngai SC, Goh BH, Chan KG, Lee LH, Chuah LH (2017) 
Anticancer activities of surfactin and potential application of 
nanotechnology assisted surfactin delivery. Front pharmacol 
8:761. https://​doi.​org/​10.​3389/​fphar.​2017.​00761

	149.	 Christova N, Lang S, Wray V, Kaloyanov K, Konstantinov S, 
Stoineva I (2015) Production, structural elucidation, and in vitro 
antitumor activity of trehalose lipid biosurfactant from Nocardia 
farcinica Strain. J Microbiol Biotechnol 25:439–447. https://​doi.​
org/​10.​4014/​jmb.​1406.​06025

	150.	 Karlapudi AP, Venkateswarulu TC, Srirama K, Kota RK, Mikkili 
I, Kodali VP (2020) Evaluation of anti-cancer, anti-microbial and 
anti-biofilm potential of biosurfactant extracted from an Acine-
tobacter M6 strain. J King Saud Univ-Sci 32:223–227

	151.	 Reichert CL, Salminen H, Weiss J (2019) Quillaja Saponin char-
acteristics and functional properties. Annu Rev Food Sci Technol 
10:43–73. https://​doi.​org/​10.​1146/​annur​ev-​food-​032818-​122010

	152.	 Waller GR, Yamasakl K, eds. (1996) Saponins used in tradi-
tional and modern medicine; Advances in experimental biology. 
Springer, Boston, MA, ISBN: 978-1-4899-1367-8. https://​doi.​
org/​10.​1007/​978-1-​4899-​1367-8

	153.	 Martín RS, Briones R (1999) Industrial uses and sustainable 
supply of Quillaja saponaria (Rosaceae) saponins. Econ Bot 
53:302–311. https://​doi.​org/​10.​1007/​BF028​66642

	154.	 Ryder T, Kacian DL (1993) Preparation of nucleic acid from 
white blood cells. Eur Patent Appl EP 574:267

	155.	 Pillion D, Amsden J, Kensil C (1996) Structure-function relation-
ship among quillaja saponins serving as excipients for nasal and 
ocular delivery of insulin. J Pharm Sci 85:518–524

	156.	 Recchia J, Lurantos MH, Amsden JA, Storey J, Kensil CR (1995) 
A semi synthetic Quillaja saponin as a drug delivery agent for 
aminoglycoside antibiotics. Pharm Res 12:1917–1923

	157.	 Forse R, Armour R, Chavali S, (1995) Enteral formulations for 
treatment of inflammation and infection. U.S. patent 5397778

	158.	 Fang W, Yang YJ, Guo BL, Cen S (2017) Anti-influenza trit-
erpenoid saponins (saikosaponins) from the roots of Bupleu-
rum marginatum var. stenophyllum. Bioorg Med Chem Lett 
27(8):1654–1659. https://​doi.​org/​10.​1016/j.​bmcl.​2017.​03.​015

	159.	 Pu X, Ren J, Ma X, Liu L, Yu S, Li X, Li H (2015) Polyphylla 
saponin I has antiviral activity against influenza A virus. Int J 
Clin Exp Med 8(10):18963–18971

	160.	 Lin LT, Hsu WC, Lin CC (2014) Antiviral natural products and 
herbal medicines. J Tradit Complement Med 4(1):24–35. https://​
doi.​org/​10.​4103/​2225-​4110.​124335

	161.	 Mehta PS, Bhatt KC (2007) Traditional soap and detergent yield-
ing plants of Uttaranchal. Indian J Tradit Know 6:279–284

	162.	 Daverey A, Dutta K (2021) COVID-19: Eco-friendly hand 
hygiene for human and environmental safety. J Environ Chem 
Eng 9:104754. https://​doi.​org/​10.​1016/j.​jece.​2020.​104754

	163.	 Kregiel D, Berlowska J, Witonska I, Antolak H, Proestos C, 
Babic M, Babic L, Zhang B (2017) Saponin-Based, Biological-
Active Surfactants from Plants, Application and Characterization 
of Surfactants. Reza Najjar, Intech Open. https://​doi.​org/​10.​5772/​
68062. https://​www.​intec​hopen.​com/​chapt​ers/​54735

	164.	 Kensil CR, Patel U, Lenniek M, Marciani D (1991) Separation 
and characterization of saponins with adjuvant activity from 
Quillaja saponaria Molina cortex. J Immunol 146:431–437

	165.	 Roner MR, Sprayberry J, Spinks M, Dhanji S (2007) Antiviral 
activity obtained from aqueous extracts of the Chilean soapbark 
tree (Quillaja saponaria Molina). J Gen Virol 88:275–285. 
https://​doi.​org/​10.​1099/​vir.0.​82321-0

	166.	 Fox DA, Epstein ML, Bass P (1983) Surfactants selectively 
ablate enteric neurons of the rat jejunum. J Pharmacol Exp Ther 
227:538–544

	167.	 Marchant R, Banat IM (2012) Microbial biosurfactants: chal-
lenges and opportunities for future exploitation. Trends Biotech-
nol 30(11):558–565. https://​doi.​org/​10.​1016/j.​tibte​ch.​2012.​07.​
003

https://doi.org/10.1016/j.ajic.2020.06.182
https://doi.org/10.1016/j.fct.2020.111702
https://doi.org/10.1016/j.fct.2020.111702
https://doi.org/10.3390/antibiotics10070751
https://doi.org/10.3390/antibiotics10070751
https://doi.org/10.1016/j.cbi.2009.11.027
https://doi.org/10.1016/j.cbi.2009.11.027
https://doi.org/10.3389/fphar.2017.00761
https://doi.org/10.4014/jmb.1406.06025
https://doi.org/10.4014/jmb.1406.06025
https://doi.org/10.1146/annurev-food-032818-122010
https://doi.org/10.1007/978-1-4899-1367-8
https://doi.org/10.1007/978-1-4899-1367-8
https://doi.org/10.1007/BF02866642
https://doi.org/10.1016/j.bmcl.2017.03.015
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.1016/j.jece.2020.104754
https://doi.org/10.5772/68062
https://doi.org/10.5772/68062
https://www.intechopen.com/chapters/54735
https://doi.org/10.1099/vir.0.82321-0
https://doi.org/10.1016/j.tibtech.2012.07.003
https://doi.org/10.1016/j.tibtech.2012.07.003

	Comprehensive Review on Applications of Surfactants in Vaccine Formulation, Therapeutic and Cosmetic Pharmacy and Prevention of Pulmonary Failure due to COVID-19
	Abstract
	1 Introduction
	2 Effectivity as Lung Surfactant
	2.1 Use of Lung Surfactant to Prevent Pulmonary Failure, the Main Reason Behind COVID-19 Mortality
	2.2 Surfactants in the Field of Respiratory Distress Therapy

	3 Surfactants in Dermatology
	3.1 Surfactant as Penetration Enhancer in Transdermal Drug Delivery System (TDDS)
	3.2 Surfactant as Cerumen Removals

	4 Surfactants in Advanced Drug Delivery Systems
	4.1 Micro Emulsion
	4.2 Niosomes an Extra-Ordinary Versatile Component in Different Fields of Drug Delivery
	4.2.1 Niosomes in the Field of Gene Therapy
	4.2.2 Niosomes as Protein and Peptide Drug Carriers
	4.2.3 Niosomes in Chemical Drug Delivery

	4.3 Role of Surfactants for Increasing Dissolution Rate of Hard Gelatine Capsule
	4.4 Surfactant in Rectal Suppository Formulation

	5 Real time Application of Surfactants in Different Type Cancer Treatment
	5.1 Surfactants in the Field of Drug-Resistant Lung Cancer Treatment
	5.2 Curcumin in Cancer Treatment
	5.3 Cytotoxic Effects of CdS QDs, Synthesized from Waste and Mature Tea Leaf as Bio-surfactant
	5.4 Anticancer Activity of SLP Against Various Types of Cancer

	6 Other Applications of Surfactants in Personal Care, Health and Hygiene
	6.1 Surfactants in Sexual Health
	6.2 Surfactant as Contact Lens Cleansers
	6.3 Role of Surfactant in Mouthwashes

	7 Biosurfactants, a Blessing in Bio-Medical Field
	7.1 Antimicrobial Property (Antiviral, Antibacterial, Antifungal)
	7.2 Anti-Inflammatory Action
	7.3 Biosurfactant Used as Antioxidant
	7.4 In MDDS and Nano Particle Formulation
	7.5 Bio-Based Personal Hygiene Products Formulation
	7.6 Anticancer and Antitumor Activity of Biosurfactants

	8 Plant Based Surfactant: Saponins and its Potential Application in Pharmaceutical World
	9 Saponins in Vaccine Formulation
	10 Future Prospect and Conclusions
	Acknowledgements 
	References




