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Abstract

Vesicular drug delivery system is a new era in Novel Drug
delivery system. It can inhibit or neglect various drug related
problems such as dosage problems, drug releasing property at
the affected site, specific targeting property, prolonged release
property and interaction property. Vesicular drug delivery
system makes old drug in a new form and improves its
therapeutic efficacy. Enzymosome is also under the vesicular
drug delivery system. Enzyme is too much vital to stimulate a
precursor for a target specific drug release at the affected area.
There are some problems present for enzyme in the use of
medication purpose such as the activity can be lost due to
G.I.T degradation and enzyme has no any kind of own skin
permeation property. To overcome the above problems,
encapsulation of enzyme in a lipid-based vesicle is so
important to make Enzymosome. Encapsulating the enzyme is
essential for overcoming the alteration property, enhancing the
half-life, increasing the site-specific targeting system and also
helps to maintain the stability property etc. Enzymosome is
established as a useful drug carrier in the medication of tumor
treatment. This review helps to know about vesicular drug
delivery system, its classification, preparation procedure of
Enzymosome, its classification, uses in the medication purpose
especially in targeted tumor therapy.

Keywords: Vesicular drug delivery, Enzymosome, Precursor,
Preparation, Encapsulation, Tumor.

Introduction
In upcoming targeted drug delivery systems, the novel drug

delivery has a special effect on sites of action [1]. There are various
benefits are available of Novel drug delivery system (NDDS) in many
industries like pharmaceutical, food and cosmetics etc [2]. According
to our need, it helps to transfer the active ingredients of drug to the site
of action because NDDS neglects the limitation of conventional drug
delivery system [3]. A newly invented drug delivery system which is
known as NDDS which helps to metamorphose many drugs and it also
helps to conquer many drugs’ related problems and to maintain
extended release of active ingredients from the dosage form with
controlled/regulated action [4]. Many drugs which are facing problems
in bioavailability their vesicular carrier works as a smart vehicle and
this carrier system is also useful in various platforms like genetic

engineering, diagnosis tests, immunology techniques etc [5,6,7].
Vesicular drug delivery has a great role in cost reduction of clinical
treatment and also in the improvement of pharmacodynamics effect of
poorly wetting drugs [8]. In the prevalent chemotherapy, the vesicular
drug delivery system is known as milestone for penetration of drug
and cell permeation [9]. There are various types of organs, tissues;
biological cell membranes are present inside a human body. All of the
biological organs contain nucleic acid and genetic materials for
reproduction and replication. Above all these are coming under the
“SOMES” it’s a Greek word [10]. There are some structural,
physiochemical characteristics’ similarity present in every organ’s
outlined cell membrane for this reason any kind of lipoidal and
protein-peptide drugs can easily reach to the targeted area according to
patient’s need. Vesicle works as a drug carrier system in human body.
It helps to transfer the drug molecules or the active ingredients in to
the specific affected area. Vesicles are bio-compatible for human body
because it is made up off lipid molecules [11]. Vesicle helps to
encapsulate or protect the active ingredients of the dug in the core
from the external environment and helps to maintain sustained or
extended release of drug and to scale down the noxious effects [12].
Vesicular system is very essential to maintain the stability on the
affected area. Vesicular system also has some great advantages in
conventional medicines. Such as, to slash down the dose related
adverse effects, to uphold the salubrious or salutary efficacy for
extended period of time through jurisdiction the release of drug [13,
15]. Vesicles have amphiphilic characters because it can carry both
hydrophilic and lipophilic drugs to the targeted area [14]. Both
hydrophilic and lipophilic characters are present in the vesicular drug
delivery system. So, it is amphiphilic in nature. In case of poorly
soluble drugs, it helps to boost or recuperate the bioaccumulation of
medication and slash down the cost of therapy [14]. A diverse range of
amphiphilic building blocks helps to manufacture the vesicles. The
main aim of vesicular drug delivery is to regulate the reduction of
drug, obstruction of noxious or catastrophic effects and increase the
concentration of drug at specific targeted site. Vesicular drug delivery
system has more advantage than the conventional chemotherapy in the
treatment of intracellular infections because it is effective for
overcoming the various limitations [14].

Advantages

There are many benefits present for the vesicular drug delivery
systems over the conventional drug delivery system like

• It helps to lengthen the time of presence for active ingredients of the
drug in the blood and other organs. It also helpful to cut down the
noxious effects of the drug while delivering to the site of action.

• It is very essential for enhancing the bio-availability of poorly
soluble drugs.

• It helps to slow down the degradation of active ingredients from
dosage form and this mechanism is known as controlled release
systems.

Disadvantages

Beside the benefits vesicular drug delivery system also has some
harmful or prejudice effects. Such as:

• Evasion or Escaping of drug or Dodging of drug can be seen from
dosage form of vesicular drug delivery system in the time of
preparation or manufacturing.

• Problems are also can be seen in the preservation.
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• Problems may be occurred in the in vivo drug transportation
process.

• The major problem is found in the stability of different ingredients
of dosage forms and also limitation is present in their use.

Basic differences between all vesicular drug delivery systems

Liposomes: The name liposome is derived from two Greek words.
One is “LIPO’’ and another one is “SOMA”. Lipo means body and
soma means body. It is basically a unilamellar vesicle which contains
a single phospholipid bilayer sphere that encloses the aqueous
solution, whereas multilamellar liposomes will exhibit multiple
phospholipid bilayers.

Liposome is composed of two main structural parts:

• Phospholipid.
• Cholesterol.

Phospholipids: Phospholipids are the basic molecular building
blocks of liposome. The cell wall of liposome mainly consists of
natural substance lecithin which is a mixture of phospholipid that is
also known as Predominantly Phosphatidylcholine (P.C). Phospholipid
is a lipid which is amphipathic in nature. It consists of two main parts.
Such as:

• Hydrophilic Polar head.
• Hydrophobic Tail.

The active ingredients of drug are encapsulated in the core of
liposome. Liposome can cross or avoid the structural similarity
between the cells and also it helps to reach the drug to the targeted
specific site according to our need for the presence of both hydrophilic
and hydrophobic parts. The hydrophilic active ingredients are present
in the aqueous core section and hydrophobic/lipophilic active
ingredients are present in the lipid bilayers.

Cholesterol: Cholesterol has some advantages, such as:

• It helps to stabilize the membrane.
• It works as a fluidity buffer.
• It inhibits the transformation of Trans to cis conformation.
• Unsaturated chain is responsible for oxidation purpose. So,

antioxidant is very essential to protect the lipids from oxidation.
Lipid exchange is occurred between the liposomes and HDLS, for
this reason destabilization is occurred in the liposomes [18].

Niosomes: The structure and mechanism of action of noisome are
almost as same as liposome but it overcomes the various limitations
like physical stability of fusion, aggregation, sedimentation and
leakage of storage. So, noisome is more useful than the liposome in
delivery of drugs to the specific affected area. There is an issue present
for noisome that is hydrolysis of encapsulated drug [19].

Pharmacosomes: Some interactions are occurred between the drug
bi-layers which cannot influence the entrapment efficacy. The main
benefit of Pharmacosomes is there is no need of extra time for
abolishing or discharging the drug from formulation. The drug does
not take place due to discharge from the dosage form and covalently
linked with each other [20].

Ethosomes: This is also vesicular drug delivery system has a great
role in Transdermal Drug delivery system because ethosome helps in
the drug permeation through the skin and better stability than
liposome. Some benefits are also can be seen in the stability for active
ingredients of drug and encapsulation of raw ingredients [21].

Transferosomes: Transferosomes have susceptibility nature and
procivity nature to the oxidative degradation. There should be a
condition must be present to maintain the strength/balance of
transferosome which is used as a specific drug delivery system. There
is a difference present between the transferosome and liposome.
Transferosome proved it ‘self-more beneficial than the liposome, so it
is more effective in the transdermal drug delivery system. There are
some disadvantages present for the transferosomes such as:

• Sometime oxidative degradation is occurred in the transferosomes.
• Insufficient number of natural phospholipids [22].

Colloidosomes: Colloidosomes are also essential in the vesicular
drug delivery system. There are some advantages/benefits present for
the colloidosomes such as:

• It is biocompatible for our body.
• It is easily passable to the skin.
• It is easily capable to encapsulate the main active ingredients of the

drug in the core
• The mechanical power is high.

But some problems are also present there:

Some unnecessary particles are formed at the time of
manufacturing of colloidosomes and a large number of colloidosomes
are lost during the time of transfer from organic to water medium [23].

Herbosomes: Herbosome is also an important part in vesicular
drug delivery system because it has low adverse effects, biocompatible
and chemical bonds are formed between the phytoconstituent and
phosphatidylcholine molecule [24].

Sphingosomes: Sphingosome has structural similarity like the
liposomes. The main structural component of sphingosome is
sphingolipid. The mechanism of action of sphingsome and liposome is
same but sphingosome is more stable than liposome. There is a issue
present for sphingosome like low drug entrapment capacity [25].

The main advantages of sphingosomes are:

• It is more stable than liposomes and niosomes.
• Sphingolipid has high tumour loading efficacy in cancer therapy.
• Sphingosome has high in vivo circulation time [26].

Cubosomes: Cubosome has better physio-chemical stability than
liposomes and easy manufacturing procedure but viscosity problem
can be seen in the large-scale manufacturing [27].

A Brief Note on Enzymosome
Enzymosome is established as a beneficial drug carrier in the

vesicular drug delivery system. Enzymosome is composed of two
words. One is “Enzyme” and another one is “Somas” which means
body. In enzymosome, enzyme is the main biological active compound
which works as an energizer for a substrate that is encapsulated in a
highly lipid-based cell. So, a newly modified liposome is formed
through this process. The enzymes are attached on the surface of the
lipid molecules in the liposomes. Here the liposomes are prepared for
encapsulating the enzyme and helps to reach the targeted area [28].

We all know that liposome is amphiphilic in nature. There are two
types of parts present in liposome. One is hydrophilic part and other
one is lipophilic part. The hydrophilic active ingredients are present
inside the aqueous section of liposome. The lipophilic drug substances
are present outside the lipid bilayer membrane. Liposome is
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established as a useful drug carrier to reach the drug at the specific
targeted area for its amphiphilic characteristics [29].

There are some advantages [30] present for the liposome Such
as:

• It helps to slash down the volume of distribution.
• It inhibits drug clearance.
• It helps to enhance the drug permeability to the infected tissue

according to our need.
• It also reduces the noxious effects related with biological tissues.
• So, liposomal enzyme proves it self an effective drug carrier system

in Medical sciences. [30]

Enzymes are established itself as a site-specific effective
biological compound. It has some great roles. Such as [31]:

• It has a great role in catalysis reaction.
• It is very beneficial for site-specific pharmacological action.
• It is proved as an activator for prodrug.

Enzyme has low lipid membrane permeability feature. If the outer
surface of the liposome is enveloped by the enzyme then the
deterioration and alcemization/metamorphose are minimized. This
process helps to increase its half-life with the targeted action
according to our need [31]. Enzymosome is worked as a novel drug
carrier in vesicular drug carrier in vesicular drug delivery system. It
helps to release the active ingredients from dosage form to site of
action and boost up the uptake of active ingredients to the systemic
circulation. Enzyme may be attached with the surface of the liposome
through two ways: [32]

• Attaching with lipophilic part.
• Attaching with phospholipid part of liposomal layer.

We can enhance fruitfulness of the drug and slash down the side
effects. It is also essential to send the drug at the particular target site.
There Nano carriers are helpful in different medical sectors like: [33]

• Epilepsy or seizures a neuronal disorder.
• Encapsulate the drug in core and help to pass the drug through BBB

for its lipophilic nature.

Here enzymes are acted as a therapeutic protein which is supplied
through lipophilic enzymosome for increasing response. A vesicular
drug delivery system has a great role in centrally acting drug delivery
systems, target specific drug delivery and it’s also having less toxicity
[34]. Enzymosome is beneficial to exaggerate bio accumulate the
drugs. The minimum amount of drug concentration is available for
biological function to cut down the purchase cost [35]. The structural
integrity and function of enzyme are found when enzyme is
encapsulated in vesicle which is applied during in vivo and in vitro
testing [36]. Upcoming modern developed models of enzymosomes
are widely applicable in biotechnological research and recombinant
protein research etc [37, 38].

Benefits of Liposomes Enzymes Conjugate [39]

• It lowers the hazardous effect of virulent drugs to the sensitive
tissues.

• It helps to encapsulate the drug in the core and increases the
balancing capacity.

• It increases the half-life and reduces the elimination of drug.
• It is biocompatible with body.
• Insusceptible to the fundamental and non-fundamental for

administered doses.

• It has no any kind of noxious effect.
• It is totally mixed with our tissue or biodegradable in human body.
• Electrical properties are altered frequently.

Limitations

Though nanoparticles are very essential in medical sciences but the
production cost of nanoparticles such as (Liposome, Niosome,
Aquasome, Enzymosome, Electrosome etc.) chemical degradation
may be occurred of phospholipids which are present in lipid vesicular
structure. Biocompatibility may be decreased due low soluble
ingredients and shorter half-life. Leakage or accidental release of
active ingredients may be occurred [40, 41, and 42].

Lipid-Based Drug Carriers (Drug carrier which is made up of
lipid)

There are various types of topical dosage forms are available like
oral, parenteral and others. Above all of these are made from lipid/
Triglyceride based drug carrier [43]. Lipid based enzymosome has a
great role in safety and efficacy for the preparation of vaccines
(attractive/interesting) preparations and modified treatment process.
Lipid-based drug carriers are very essential for cost reduction and low
toxicity purpose in various treatment, stability study, ultrasound
treatment and identification of diseases etc [44].

Some advantages/benefits of lipid-based carrier are:

• It has risk but less than others.
• It increases the bioaccumulation and minor concentration.
• It has good characters and also capable of lipophilic excipients.
• Lipid-enzymosome is essential to detect the specific target area and

helps to deliver the technology [45].

There various types of lipid-based carrier systems are available
such as Liposome, Niosome, Aquasome, Mariosome, Phytosome,
Transferosomes and Emulsions. Above all of these under the vesicular
drug delivery system [46, 47]

There are some basic functional categories are present for the
lipid-based drug carriers. Such as:

• Controlled or Modulated drug release.
• Physical and chemical stability maintaining.
• It helps to preserve the drug in the core from the deterioration.
• It is biocompatible with tissue in human body.
• Solid-lipid nanoparticles, lipid drug molecules help to prevent the

cytotoxicity effect by preventing the polymer which used in making
for nanoparticles. [48,49]

There are many scientific works are done on semisolids made
nanoparticles to encapsulate the active ingredients for delivering it
into systemic circulation [50]. Solid lipid nanoparticles, Self-
emulsifying drug delivery systems, Nano emulsions and Pickering
emulsions can be encapsulated or incorporated in the emulsions [51].
Enzyme is hooked up with liposomal compound to form the
Enzymosome. It helps to protect the activity of enzyme and uphold the
structural features of vesicles. Superoxide dismutase (SOD) is an
enzyme that alternatively catalyses the dismutation of the superoxide
radical into either ordinary molecular oxygen or hydrogen peroxide
[52].
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Method of Preparation

Preparation of Enzymosomes of Surface-Exposed
Superoxide

Binding the enzymosome with the lipid molecule or liposome is
called Enzymosome. Formation of enzymosome is very important in
immune-mediated diseases or antibody treatment. This new developed
therapeutic model is known as SOD (Super Oxide Dismutase) [53].
Various enzymes like Cu, Zn-superoxide dismutase are very beneficial
to define an inborn resistance technique. Which helps to cut down /
slash down the malformation/teratogenic effect developed by noxious
free radicals. It starts a process of simultaneous oxidation and
reduction process for harmful superoxide radical anion 02 to 02 and
water. Superoxide dismutase is used as an important alternative
compound for traditional anti-inflammatory therapies. We should
avoid the side effects during the use of anti-inflammatory drugs [54].

At the previous time, the enzyme has shorter half-life and low skin
or tissue permeation capability. So, at this time it was not accepted for
clinical trials. Many researches work and studies were done for
developing or modifying the drug carrier where enzyme should be
incorporated/loaded with increased half-life and higher penetration
capability for clinical trials in various diseases like type 2 DM and
obesity etc [55].

There are some applications available for intracellular SOD
(Superoxide dismutase). Such as

It helps to reach the drug to cell penetrating peptides (CPPs) or
Protein transduction domains (PTDs). Proteins are established/proved
beneficial for biological research and regulating the delivery of these
peptides. New upcoming contemporary/latest development of
incorporating procedure introduced for its captivating/delightful use in
treatment of various medical issues [56].

Blueprint of Immune-Enzymosomes Which Have the
Ameliorated Enzyme Desideratuming Capability and Cell
Attaching Properties

There are some hyper efficient conventional anticancer medicines
present for chemotherapeutic agents who are used in cancer treatment
due to the insufficient difference between normal cell and cancer cell.
There are many scientists established some valid documents for
immune-enzymosomes which can be used as a target drug carrier in
cancer treatment. We know that liposome is amphiphilic in nature. The
hydrophilic and hydrophobic both type of categories are present in
liposome. Liposome can cross or inhibit the structural similarity
between the cell wall and helps to reach the entrapped drug to the
targeted site-specific affected area [57]. When Anthracycline
Glucuronide prodrugs attach on the surface of immune liposomes then
this combined system is very helpful as an essential effective drug in
the cancer treatment of ovary (OVACAR-3). Two important
compounds like enzyme and Beta-glucuronidase are accomplished for
vitalizing the anthracycline glucuronide prodrugs. The functional
activity of immune-enzymosome formulation is increased when Beta-
glucuronidase (GUS) is attached with the ovarian cancer cell [58]. The
mechanism of action of immunoliposome is as same as liposome.
Being an amphiphilic drug carrier immunoliposome can go every
place in human body through neglecting the cellular characteristics or
similarity. It is established as a conventional drug carrier for enclosing

the chemotherapeutic agent inside and target specific drug release
[59].

Least possible resistance activity must be presented in the immune
liposome with the help of non-noxious prodrug, the antibody-enzyme
complex can be injected in human body. Its determinate from blood
and tissues when it makes a complex form with cancerous cell.
Enzyme’s action is very essential for proper targeting purpose. At first
prodromus into active anti-neoplastic drug molecule within the
synchronicity of malignant cell, some essential benefits of immune-
enzymosomes are present in the diagnosis field, such as: [59]

• A large number of streptodomase or enzyme moieties could be
attached in one addressed carrier system.

• Increasing the concentration of enzyme on the outer covering area
of cell surface helps in the transformation of prodromus within the
cell.

• Enzyme (GUS) or Glucuronidase enzyme is privileged for its
superiority over the enzyme which is present in cellular organ.

Some low resistance power is present here, such as:

• Energizing of hydrophilic glucuronide drugs are limited
circumspection.

• They have low permeable power.
• This system also diminishes the resistance problem.

Manufacturing & Construction of Alkaline Enzymosomes
weighted With Bacillus Fastidious

There is same research works were completed by Tan. Q et.al to
find out the auspicious action of novel alkaline enzymosome for
discharging the enzyme, Bacillus fastidious which releases a particular
enzyme uricase and embroider its biological functions, curative use
and posological properties [60]. Urease is a vital enzyme which works
as an active catalyst in oxidation this reaction is very beneficial to
maintain the uric acid level in blood [61].

After performing many researches and studies a documented data is
proved that UBF loaded Alkyl Enzymosome has more advantage than
the Normal UBF to maintain the proper balance of uric acid level in
blood [62, 63].

From the studies, ESUBFs is very essential for supplying and
maintaining the quantity of UBF. Emphatically enhance the AUC,
half-life and catalyst activity as well as its bio-chemical and
pharmacological features [64]. Through this process ESUBFs is made
it ‘self an essential exclusive 2nd choice mixture solution for
inhibitors like gout and hyperuricemia. [65] In vivo uricolytic action
has a great advantage in clinical applications. But some side effects
are still present such as the normal dosage of UBF formulation can
affect. It can be inhibited through conjugation process [66].

In the different work and research studies, Alkaline UBF
enzymosomes were converted into a developed one which is
established for its beneficial performances in bio-chemical, biological
and pharmaceutical sectors and helps in exploit of hyperuricemia
effects that is happened for an enzyme urease that is secreted from
Bacillus Fastidious. Uricase is essential to reduce the uric acid level in
hyperuricemia rat model in experimental work [67].

Uricase enzyme proved it’s self as a very beneficial to increase the
target specific drug delivery system and rapid action of active
ingredients in this sector. Enzymosome has a positive advantage to
keep enzyme protected inside the core and helps to release the active
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ingredients. After completing various research works, we can know
that UBF included novel alkaline enzymosome (ESUBFs) is worked
as a catalyst through in-vitro drug administration at optimum ph.
ESUBFs have larger drug plasma concentration curve (AUC)
comparing with the UBF and it is also known for its longer circulation
half-life [68, 69]. ESUBFs is essential for different types of enzyme
deficit diseases such as Hurler syndrome, Niemannpick disease
(Babies develop liver enlargement, difficulty in feeding and nerve
damage) etc [70].

Functions of CD39 Enzymosomes in Antiplatelet movement

The active essential component of an endothelial cell is an enzyme
which is CD39/NTD Dase-(I) that is arises on the opening side of the
cell. It is capable of consumption for ATP, ADP, AMP and it also has a
great role in diminution of platelet sensitivity to the major agonists.
Enzymosome can keep CD39 compound which is essential for anti-
platelet activity. The function of the CD39 enzyme is totally controlled
according to the domains of transmembrane [71].

A yeast expression system is essential in human body to form
CD39. Here, yeast expression system is a vital model which is
sterilised and reconstructed within a proper lipid vesicle according to
our perfection [72]. At the time of reconstruction of CD39
enzymosome within a lipid membrane, the reaction enhancing activity
can be determined through the dephosphorylation and formation of
ADP & ATP [72]. Formation of ADP and ATP are taken as measuring
parameter. Here platelet aggregometry method is very essential for
describing the collagen and thrombin. ADP has a great role in
prevailing on platelet activation. Which is hindered by lipid vesicles
having CD39, thromboembolism is vital process which is persuaded
by a Murine model of Thromboplastin [72]. This Thromboembolism is
proved as a process to find out the proper biological benefits, useful
activity and pharmacological activity of CD39 enzymosome through
I.V route in limiting platelet consumption and death. The devaluation
of Km value and contemporary increasing of both ADPase and
ATPase impetus efficiency are happened during reconstruction of
human CD39 enzymosome in lipid vesicles [72]. Medication with
CD39 enzymosome and further studies on this topic are very helpful
to stop the devaluation of platelet counts which is functioned by
thromboplastin. During the correction of solubilized counterpart, the
consolidation of enzyme into the lipid bilayer helps to enhance the
functional activity of CD39 enzymosome. For this above process, the
death rate of animal model and platelet consumption can be decreased.
To complete anti-platelet medication, the CD39 enzymosome proved
it’ self as a vital option through thrombus manufacturing process [73].

Layout and Personation of Enzymosomes with Surface
Exposed Superoxide Dismutase

SOD (Cu, Zn Superoxide dismutase) is a legitimate the defence
system which decreases noxious effects of oxygen-derived free
radicals. Here, SOD is first discovered by Mc Cord and Fridovich in
1969 [74]. Its impetus the dismutation of O2 plus H2O2 from toxic
superoxide radical anion which inhibits the biological inflammatory
process under controlled by free radical [75] there are too many
chances of noxious effects, adverse effects and interaction effects may
be present during the treatment of conventional anti-inflammatory
therapies such as non-steroidal anti-inflammatory drug. To avoid these
kinds of side effects, we have to use the SOD enzymosomes as a
standard optimized tool in the treatment of inflammatory pathology.

These kinds of side-effects generally occurred in G.I.T tract of human
body [76].

Through the short half-life time in bloodstream, permeation
property into the cellular organs and target specific activity are poor or
low in case of enzyme. For this above some particular reasons, there
are some researches studies are done to improve the activity of
enzymes such as

A particular covalent attachment of SOD (Cu, Zn superoxide
dismutase) with some catalytic chemical compounds such as
Polyethylene glycol (PEG), Dextran, Albumin, incorporation of
liposomes and application with Ficoll etc [77, 78, 79, 80, 81, 82, 83,
84]. Nakaoka et al. first investigated that when the SOD is attached
with PEG, the distribution behaviour is not changed in various organs
such as spleen, lungs, heart and G.I.T [85]. Turrens et al. first
investigated that when SOD (Cu, Zn superoxide dismutase) is
encapsulated within the liposomal compartment then the half-life and
activity of SOD is increased. There are some problems can be faced
like low incorporation efficiencies due to liposomal preparation [86].
In current situation higher liposomal embodiment productiveness were
found currently [87, 88, 89]. The amount of enzyme release and
quantity from SOD liposomes at the infected site determines the
curative activity of SOD liposomes. The release of enzyme at specific
targeted site is proved more beneficial when SOD is present on the
surface area of liposome not in the core section of it. Formation of
dative bond of palmitic acid with (-NH2) groups of SOD is very
effective in acylation of enzyme. A lipophilic enzyme is formed from
the acylation procedure. This enzyme helps to enhance the penetration
capability through liposomal bilayers. This whole process is
conjectured by research team [90, 91, and 92]. Through placing the
SOD on the upper surface area of liposome is very helpful for
targeting to the specified targeted site.

As beneficial carrier for localization at the infected site, after doing
so many researches, an information is come that is if long circulating
liposomes (LCL) is administered in human body through I.V route, it
goes to the affected area preferentially [93, 94, 95, 96].

As a result, liposomes can easily penetrate the inflammation area.
From this, we can say that LCL is very essential as a targeted drug
delivery carrier for AC-SOD. Through this study, we can give an
importance for a comparison study of physiochemical properties
between SOD and AC-SOD also related to the reciprocal liposomal
formulations. There are 2 types of liposomes such as LCL (Long
Circulating Liposomes) which is coated with PEG and non-PEG
coated liposome having Stearylamine. Some essential characteristics
such as zeta- potential, enzymatic activity, highly exposed enzymatic
activity, highly exposed enzymatic activity and pharmacological
effectiveness should be showed by both liposomes.

Treatment of Tumour by Enzymosomes
Small particles of crude drug are encapsulated in the Nanomedicine

which is administered to the specific affected area through different
powers such as heat, light and other sources. Nanoparticles are
manufactured in laboratories in sufficient amount that is enough for
medication within low-scale of measurement [97]. There are various
types of impetus enzymes are available such as alkaline phosphate,
carboxypeptidase, beta-glucosidase and beta-lactamase. Above all of
these works as dominant of antitumor drugs, this enzyme activity
works as a precursor at the tumour site, in this mechanism liposome
has a great advantage or established as a beneficial carrier because it
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can go any organ of our human body through avoiding the structural
similarity between the cells. It helps to reach the encapsulated enzyme
to the specific affected site (Tumour site) [98]. Today’s modern
pharmaceutical technology, the transmission system of enzyme is
divided into 2 major categories [99]:

• Shipment of genes that conceal prodrug-stimulating enzymes into
specific affected tumor sites such as GDEPT ‘Gene–Directed-
Enzyme-Prodrug-Therapy’ and VDEPT ‘Virus-Directed-Prodrug-
Therapy’.

• Consignment of stimulated enzymes onto tumour tissues (Antibody-
Directed-Enzyme-prodrug-Therapy).

Here antineoplastic drugs and virazole agents are very important for
specific targeting to the infected site by antibody enzyme conjugates,
this whole mechanism is known as prodrug activation Therapy
(ADEPT or Antibody Directed Catalysis) [100].

Lack of precision to the tumour cells restricts the cancer
chemotherapy. A substitute medication of cancer is ADEPT
technology [101]. Enzyme attaches with antibody and increases its
synergistic effect; this enzyme-antibody combination is very essential
and important for proper tumour targeting therapy. A prodrug is
converted into a parent neoplastic drug when a consecutive amount of
prodrug is administered in human body. The discipled prodrug is
proved as a beneficial drug for proper killing to the targeted tumour
cells but also the neighbouring tumour cells also [102].

The enzyme stimulating prodrug medication in tumour treatment
has 2 steps:

• At first, the essential drug catalyst enzymes are selected.
• Non-noxious precursor is known as pristine of exogenous enzyme

which is appeared in tumours and it is applied by parenteral route.
[103]

The counterbalance action of serum enzymes has not any kind of
effect on small noxious species which are made from the prodrug
stimulation and it may have standard slaughtering effect. In 1992
Rowlinson-Busza created the cyanide generation system (Antibody
Guided Enzyme Nitrile Therapy) [104].

Monoclonal Antibodies (Mab), Cytokinase Immune- toxins,
Tumour antigens (Vaccine) and normal antibodies are proved as
beneficial medicated therapy for tumour treatment. Mab-guided
medication is very useful to carry the enzymes to the specific targeted
area to sidestep the amalgamate effects. There are various prodrugs
which are converted into activated new drug through coupling the
antigen/antibody with enzymes [105]. These responsible enzymes are
carboxypeptidase G2, beta- lactamase, beta-galactosidase, Alkaline
Phosphatase, V-amidase, Cytosine Deaminase, Nitroreductase,
Carboxypeptidase and Catalytic antibodies etc. Release of active
ingredients of drug at the affected site is depended upon the function
of the enzymes. At last, antigen-negative cells are escaped from the
tumour medication due to appearance of heterogeneous/conglomerate
substance [105].

The main aim of this article is to upgrade and reformed the
enzymosomes. Long dissemination time in blood is important for
proper targeting to the tumour site to control function of enzyme in its
stimulated form. Here, the main objective of this article is to release of
enzyme from enzymosome at the specific targeted site and release of
active ingredients of drug from liposomal bi-layer at the infected site
[106].

Now days, enzymes are very important for prodrug activation with
antigen/antibody which is shown under this table:

Antibody/
Antigen

Enzyme Prodrug Active drug

MAbs W14A
and SBIO/
chorionic
onadotropin

Carboxypeptida
se G2

Benzoic acid
mustards-
glutamic acid

Benzoic acid
mustards

No antibody in
study

β-Lactamase Vinca-
cephalosporin

Vinca alkaloid

MAb L6
(against a
carbohydrate
antigen on
human
carcinomas)

Penicillin
amidase

Doxorubicin-
phenoxyacetam
ide Melphalan-
phenoxyacetam
ide

Doxorubicin
Melphalan

MAb
BW431/26/
Carcinoembryo
nic Antigen
(CEA)

Alkaline
phosphatase

Etoposide
phosphate

Etoposide

MAb 323/A3
(against a pan-
carcinoma
membrane
glycoprotein)

β-
GIucuronidase

Epirubicin-
glucoronide

Epirubicin

MAb KS1/4/
UCLA-P3
human lung
adenocarcinom
a

Carboxypeptida
se A

Methotrexate-
alanine

Methotrexate

There are various techniques are available for enhancing the
efficacy of carrier mediated delivery of therapeutic proteins. Such as:

• It’s application into polymeric carriers.
• Placing of aqueous space of lipid.
• Incorporation of detergent or lipid-detergent vesicles.
• Incorporation of hydrophobic/lipophilic bilayer vesicles.

Here a technology is come for enhancing the performance of
antibodies through the attachment on the upper surface area of
liposomes. From the different publication sources, we can know that
when the enzymes are attached with the upper surface of Nano-carrier
then it can be used for active targeting. Superoxide–Dismutase (SOD)
is very important for treating Rheumatoid Arthritis and Reperfusion
diseases.

Here the main aim is to improve the blood circulation time,
enhancing the biological properties and increasing the specificity to
the tumour cells. Above these processes are helpful to enhance the
functions of all enzymes in its activated form. Here two main
characters such as specific targeting property and stable capability are
should be present in enzymes. Liposome and noisome are very useful
for their excellent biocompatibility and biodegradable property to
encapsulate the drug inside the lipid vesicles to overcome
immunogenicity properties [107]

Benefits of Enzyme Prodrug Medication Which is Under
Controlled by Antibody

A huge number of precursors can be manufactured from a single
enzyme. These precursors are used as a therapeutic agent for cytotoxic
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drugs. Here, the strength of drugs is not affected through this process.
Noxious effects such as radiation from radioactive materials and
enzyme-antibody convolution do not deteriorate the whole systemic
circulation when they are situated inside it. All the obstacles of
antigenic amalgamate and tumour accessibility is inhibited by the
function of radionuclide [108].

Limitation of Enzyme Prodrug Medication Which Is under
Controlled by Antibody ADEPT has noxious effects on normal cells.
If:

• The precursors are disciple into antineoplastic agent by the enzymes
which is secreted from the body.

• There is a residual quantity of enzyme-antibody complex present in
systemic circulation of human body.

• The cropped antineoplastic agents can go to the system circulation
from tumour site.

• The tumour unambiguous antibody has many benefits like It helps
to convey the enzyme to the normal tissue and cross responsive with
cell surface antigens of normal cells. [109]

Future Prospective Of Enzymosome in Treatment for
Tumour

Enzymosome is proved as a beneficial drug carrier for site-specific
drug delivery system because there is a suitable biocompatible and
small capsule like environment present inside the enzymosome where
the enzyme can present easily and attach with the outer surface area of
lipids. Basically, enzymosome is a lipid constructed drug carrier. The
active ingredients which are encapsulated within enzymosome can
easily reach to the affected site [110]. Enzymosome is proved as a
remarkable vesicular drug delivery system to neglect the noxious

Side effects and biocompatibility problems, it is so flexible with the
drug formulation related

Problems the active ingredients of drug are encapsulated in
enzymosome which can easily Permeable through BBB and helps to
reach the drug to the CNS for the medication of malignant tumour
[111].

There are various precursors, their complex forms and charged
proteins can be transported through enzymosome to the CNS by
enhancing the amount of drug. Drug carrier nucleus has some
limitations such as some damages are occurred due to oxidation
process and stress & strain damages also. It’s main function in proper
selection and site-specific targeting. It also brings newer technologies
to the vesicular drug delivery system [112].

There various modern techniques such as blotinylation, pegylation
are newly come for targeted drug delivery system. Both lipoidal and
non-lipoidal vesicular carriers are used as a biocompatible drug carrier
in sustained drug release and cellular targeting. Not only the
enzymosome, there are more lipid-based drug carriers such as
ethosome, transferosome, pharmacosome, virosome besides non-
lipoidal carriers such as noisome and aquasomes are also enlisted
under vesicular drug delivery system [113].

After doing various research studies, documented evidence is
proved that PEG-SOD enzymosome is widely used for its therapeutic
action. We know that liposome is a very effective drug carrier because
both hydrophilic and lipophilic capabilities are present in it. It can
carry the encapsulated drug to any part of human body by overcoming
the structural similarity between the cells. On the other side, low–

water soluble drug molecules can be incorporated in emulsion.
Enzymosome is defined as a new generation flexible drug carrier for
further use in future. Also, some different strategies are come for
protein drug delivery purpose. The required enzyme is attached at the
hydrophilic area of lipid vesicles and lipophilic compounds are
assembled in hydrophobic portion. When an enzyme is made a
conjugation with a lipid vesicle then it is known as enzymosome. The
basic characteristics of enzymosome are to encapsulate the active
ingredients of drug to maintain its bio-compatibility and overcome the
noxious effects etc. Till now, there many studies are done to achieve
the targets like increasing the site-specific targeting and rate
controlling drug delivery at the affected site. Above all of these
essential characters are present in enzymosome for tumour therapy.
So, enzymosome is established as a novel vesicular drug delivery
system.

Conclusion
There are various drug delivery carriers present under the vesicular

drug delivery system. Enzymosome is important to encapsulate the
active ingredients inside the core safe, to maintain the
biocompatibility, to maintain rate-controlled drug delivery at affected
area and to overcome the noxious effects. Above all of these basic
essential categories must be present in enzymosome to be a novel,
conventional and effective drug carrier. Enzymosome has a great role
in bringing new life to old drugs.

Figure 1: Diagrammatic representation of structure of lipoid
bilayer.

Figure 2: Schematic of three loading methods for preparing
protein/Nano carrier composites.

Figure 3: Specificity of immuno-enzymosomes to target cells.
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Figure 4: Enzyme bound drug targeting tumor cells.

Figure 5: Prodrug converted in to active drug by enzymes.

References
1. Kumar R, Kumar S, Jha SS, Jha AK (2011) Vesicular system-

carrier for drug delivery. Chem Sinica 2:192-202.
2. Kunwarpuriya AS, Doke VV, Changedia S, Khutle NM (2015)

Sphingosome: a novel vesicular drug delivery system. Eur J
Pharm Med Res 2:509-25.

3. Lade S, Burle S, Kosalge S, Kannao S (2014) Lipid-based drug
delivery systems: a comprehensive review. Int J Innov Pharm Sci
Res 2:2465-75.

4. Robinson JR and Lee VHL (1987) In Controlled Drug
Delivery:Fundamental Applications 2(N4):7.

5. Fathima KM, Nitheesh A, Paul A, Nair SC (2016) Sphingosome
vesicular system. Int J Pharm Sci Rev Res 39:208-13.

6. Zishan M, Kushwaha P, Singh K (2017) an overview of:
vesicular drug delivery system. World J Pharm Pharm Sci
6:546-60.

7. Doke V, Kelan D, Khadse D, Khutle N, Chaudhari Y (2015)
Ethosome: a novel vesicular drug delivery. World J Pharm Res
4:1199-210.

8. Touitou E, Godin B, Dayan N, Weiss C (2001) Intracellular
delivery mediated by an ethosomal carrier. Biomaterials
22:3053-9.

9. Bhingare U, Khadabadi SS, Shinde N (2014) Pharmacosomes: a
novel drug delivery system. Int J Pharm Res Allied Sci 1:14-20.

10. Overholtzer M, Brugge JS (2008) the cell biology of cell-in-cell
structures. Nat Rev Mol Cell Biol 9:796-809.

11. Engel H, Rondeau E, Windhab EJ, Walde P (2013) External
surface area determination of lipid vesicles using trinitro-
benzenesulfonate and ultraviolet/visible spectrophotometry. Anal
Biochem 442:262-71.

12. Saurabh Bansal,A (2012) Comparative Review On Vesicular
Drug Delivery System And Stability Issues, IJRPC , 2(3)

13. Gregariadis G (1977) Nature 265:407
14. Post G, Krisch R and koestler T (1983) In Gegoriadis G Eds,

liposomes Tech, CRC press Inc, F1:29.
15. Breimer DD and Speiser R. (1985) Topics in Pharmaceutical

Sciences, Flsevier Science Publishers, New York, USA, 57:291.
16. Allen TM, Ahmed I, Lopes De Menezes DE and Moase EH

(1995) Biochem Soc Trans 23:1073
17. Ballie AJ, Florence AT, Hume LK, Muirhead GT and Rogerson

A (1995) the Prep. And Prop. Of Niosomes Nonionic Surfactant
Vesicles, J.Pharm.Pharmacol. 37:863-868.

18. Khopade AJ, Jain S and Jain NK (2002) Int.J.Pharm 241:145.
19. Braunfalco O, Kortung HC and Maibach HI (1992) Gries Bach

Conference: Liposomes Dermatitis. Springerverlag. Berlin
201:19-23.

20. Vara B, Khopade AJ and Jain NK (1998) Proniosome Based
T.D.D, J.Control Rev 54:149-165.

21. Chanchal D and Swarnlata S. Novel Approaches in Herbal
Cosmetics: J.Cosmet.Dermatol, 2008; 7:89-95.

22. Murray D (2008) Phytosomes- Increase The Absorption of
Herbal Extract 122:212-215.

23. Hunt C and Tsang S (1981) Int J.Pharm 8(2):101.
24. Swarnlata S, Deepankar G, Chanchal Deep K, Shailendra S

(2011) Int J Cur Sci Res. Sphingosomes a novel approach to
vesicular drug delivery 1(2):63-68.

25. Boyd BJ (2003) Character of Drug Release from Cubosomes
Using the Pressure Ultrafiltration Method. Int J.Pharmaceutics
260:239-247.

26. Akbarzadeh A, Sadabady RR, Davaran S (2013) Liposome:
classification, preparation and applications. Nanoscale Res Lett
8:102-11.

27. Sharma S, Mishra L, Grover I, Gupta A Kaur (2010) Liposome:
vesicular system an overview. Int J Pharm Pharm Sci 2:11-7.

28. Zylberberg C, Matosevic S (2016) Pharmaceutical liposomal
drug delivery: a review of new delivery systems and look at the
regulatory landscape. Drug Delivery 23:3319-29.

29. Manish G, Vimukta S (2011) Targeted drug delivery system: a
review. Res J Chem Sci 1:1358.

Citation: Sourav Mohanto (2021) A Review on Enzymosome: Effective Tool for Tumor Targeting. J Pharm Drug Deliv Res 10:10.

Volume 10 • Issue 10 •
JPDDR-21-40085

• Page 8 of 11 •

https://www.sid.ir/en/journal/ViewPaper.aspx?ID=484302
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=484302
https://doi.org/10.46243/jst.2020.v5.i4.pp261-267
https://doi.org/10.46243/jst.2020.v5.i4.pp261-267
https://doi.org/10.46243/jst.2020.v5.i4.pp261-267
https://doi.org/10.20959/wjpps20175-9192
https://doi.org/10.20959/wjpps20175-9192
https://doi.org/10.20959/wjpps20175-9192
https://doi.org/10.1016/s0142-9612(01)00052-7
https://doi.org/10.1016/s0142-9612(01)00052-7
https://doi.org/10.1016/s0142-9612(01)00052-7
https://ijpras.com/storage/models/article/gsVFNMs4i7t0xrs2ijyDZ31LHjRhykUIuOE8MJTY7s9qMBH5HN4qsBVgXZY9/pharmacosomes-a-novel-drug-delivery-system.pdf
https://ijpras.com/storage/models/article/gsVFNMs4i7t0xrs2ijyDZ31LHjRhykUIuOE8MJTY7s9qMBH5HN4qsBVgXZY9/pharmacosomes-a-novel-drug-delivery-system.pdf
https://www.nature.com/articles/nrm2504
https://www.nature.com/articles/nrm2504
https://doi.org/10.1016/j.ab.2013.07.044
https://doi.org/10.1016/j.ab.2013.07.044
https://doi.org/10.1016/j.ab.2013.07.044
https://doi.org/10.1016/j.ab.2013.07.044
https://doi.org/10.1042/bst0231073
https://doi.org/10.1042/bst0231073
https://doi.org/10.1111/j.2042-7158.1985.tb04990.x
https://doi.org/10.1111/j.2042-7158.1985.tb04990.x
https://doi.org/10.1111/j.2042-7158.1985.tb04990.x
https://doi.org/10.1111/j.1473-2165.2008.00369.x
https://doi.org/10.1111/j.1473-2165.2008.00369.x
https://doi.org/10.1016/S0378-5173(03)00262-X
https://doi.org/10.1016/S0378-5173(03)00262-X
https://doi.org/10.1016/S0378-5173(03)00262-X
https://nanoscalereslett.springeropen.com/articles/10.1186/1556-276X-8-102
https://nanoscalereslett.springeropen.com/articles/10.1186/1556-276X-8-102
https://nanoscalereslett.springeropen.com/articles/10.1186/1556-276X-8-102
https://tips.sums.ac.ir/article_42187.html
https://tips.sums.ac.ir/article_42187.html
https://doi.org/10.1080/10717544.2016.1177136
https://doi.org/10.1080/10717544.2016.1177136
https://doi.org/10.1080/10717544.2016.1177136


30. Kamal K, Garg G, Harikumar SL, Aggarwal G (2016) Potential
role of nanotechnology for skin drug delivery. World J Pharm
Pharm Sci 5:428-53.

31. Pardridge WM (2012) Drug transport across the blood-brain
barrier. J Cereb Blood Flow Metab 32:1959-72.

32. Marianecci C, Rinaldi F, Hanieh PN (2017) Drug delivery in
overcoming the blood-brain barrier: role of nasal mucosal
grafting. Drug Des Dev Ther 11:325-35.

33. Salunkhe SS, Bhatia NM, Kawade VS, Bhatia MS (2015)
Development of lipid-based nanoparticulate drug delivery
systems and drug carrier complexes for delivery to brain. J Appl
Pharm Sci 5:110-29.

34. Cui S, Zhi D, Zhao Y (2016) Cationic liposomes with folic acid
as targeting ligand for gene delivery. Bioorg Med Chem Lett
26:4025-9.

35. Gorle S, Sewbalas A, Ariatti M, Singh (2016) Ligand-tagged
cationic liposome facilitates efficient gene delivery to folate
receptors. Curr Sci 3:662-70.

36. Pattni BS, Chupin VV, Torchilin VP (2015) New developments
in liposomal drug delivery. Chem Rev 115:10938-66.

37. Andhale VA, Patil PR, Dhas AU, Chauhan PD, Desai SV (2016)
Liposome: an emerging tool in drug carrier system. Int J Pharm
Technol 8:10982-1011.

38. Popovska O, SimonovskaJ, Kavrakovski Z, Rafailovska V
(2014) an overview: methods for preparation and
characterization of liposomes as drug delivery systems. Int J
Pharmphytopharm Res 3:182-9

39. Saroj S, Baby DA, Sabitha M (2012) Current trends in lipid-
based delivery systems and its applications in drug delivery.
Asian J Pharm Clin Res 5:4-9.

40. Kavitha AN, Deepthi V (2014) Liposomal drug delivery system-
a review. RGUHS J Pharm Sci 4:47-56.

41. Amidon GL, Shah VP (2014) a theoretical basis for a
biopharmaceutical drug classification: the correlation of in vitro
drug product dissolution and in vivo bioavailability. AAPS J
16:894–98.

42. Leelarungrayub J, Manorsoi J, Manorsoi A (2017) Anti-
inflammatory activity of niosomes entrapped wit Plai oil
(Zingiber cassumunar Roxb.) by therapeutic ultrasound in rat
model. Int J Nanomed 12:2469-76.

43. Shrestha H, Bala R, Arora S (2014) Lipid-based drug delivery
systems. J Pharm 10:1-10.

44. Devarajan V, Ravichandran V (2011) Nanoemulsions: as
modified drug delivery tool. Pharmacie Globale 4:1-6.

45. Kumar R, Kumar S, Jha SS, Jha AK (2011) Vesicular system-
carrier for drug delivery. Pharm Sinica 2:192-202.

46. Soni K, Kukereja BK, Kapur M, Kohli K (2015) Lipid
nanoparticles: future of oral drug delivery and their current
trends and regulatory issues. Int J Curr Pharm Rev Res 7:1 18.

47. Kakadia PG, Conway BR (2014) Solid-lipid nanoparticles: a
potential approach for dermal drug delivery. Am J Pharmacol Sci
2:1-7.

48. Trombino S, Mellace S, Cassano R (2016) Solid lipid
nanoparticles for antifungal drugs delivery for topical
applications. Ther Delivery 7:639-47.

49. BadilliU, Turk CTS, Amasya G, Tarimci N (2017) Novel drug
delivery system for dermal uptake of etofenamate: semisolid
SLN dispersion. Curr Drug Delivery 14:386-93.

50. Gaspar MM, Martins MB, Corvo ML, Cruz MEM (2003) Design
and characterization of enzymosomes with surface-exposed
superoxide dismutase. Biochim Biophys Acta 16:211-7.

51. Corvo ML, Marinho HS, Marcelino P (2015)Superoxide
dismutase enzymosomes: carrier capacity optimization, in vivo
behaviour and therapeutic activity. Pharm Res 32:91-102.

52. Sabitha K, Venugopal B, Rafi M, Ramana KV (2014) Role of
antioxidant enzymes in glucose and lipid metabolism in
association with obesity and type 2 diabetes. Am J Med Sci
2:21-4.

53. Kobsa S, Saltzman WM (2008) Bioengineering approaches to
controlled protein delivery. Pediatr Res 63:513-9.

54. Saeed HM, Abdel-Fattah YR, Gohar YM, Elbaz MA (2004)
Purification and characterization of extracellular Pseudomonas
aeruginosaurate oxidase enzyme. Pol J Microbiol 53:45–52.

55. Wu J, Lu S, Zheng Z, Zhu L, Zhan X (2016) Modification with
the polysialic acid-PEG copolymer as a new method for
improving the therapeutic efficacy of proteins. Prep Biochem
Biotechnol 46:788-97.

56. Szczupak A, Aizik D, Morais S (2017) The electrosome: a
surface-displayed enzymatic cascade in a biofuel cell’s anode
and a high-density surface-displayed biocathodic enzyme.
Nanomaterials 7:1-17.

57. Tan QY, Wang N, Yang H, Zhang LK, Liu S, Chen L, et al.
(2010) Characterization, stabilization and activity of uricase
loaded in lipid vesicles. Int J Pharm 384:165–72.

58. Zhao Y, Zhao L, Yang G, Tao J, Bu Y, Liao F (2006)
Characterization of a uricase from Bacillus fastidious A. T. C. C.
26904 and its application to serum uric acid assay by a patented
kinetic uricase method. Biotechnol Appl Biochem 45:75–80.

59. Budai M, Chapela P, Gróf P, Zimmer A, Wales ME, Wild JR, et
al. (2009) Physicochemical characterization of stealth liposomes
encapsulating an organophosphate-hydrolysing enzyme. J
Liposome Res 19:163–8.

60. Zhou Y, Zhang M, He D (2016) Uricase alkaline enzymosomes
with enhanced stabilities and anti-hyperuricemia effects induced
by favourable microenvironmental changes. Sci Rep 7:1-14.

61. Walde P, Ichikawa S (2001) Enzymes inside lipid vesicles:
preparation, reactivity and applications. Biomol Eng
2001;18:143–77.

62. Tan QY, Wang N, Yang H (2010) Preparation and
characterization of lipid vesicles containing uricase. Drug
Delivery 17:28–37.

63. Szczurek P, Mosiichuk N, Woliński J (2017) Oral uricase
eliminates blood uric acid in the hyperuricemic pig model. PLoS
ONE 12:179-95.

64. Grassi D, Ferri L, Desideri (2013) Chronic hyperuricemia, uric
acid deposit and cardiovascular risk. Curr Pharm Des 19:2432–8.

65. Xiong H, Zhou Y, Zhou Q (2015) Nanosomal micro assemblies
for highly efficient and safe delivery of therapeutic enzymes.
ACS Appl Mater Interfaces 7:20255-63.

66. Liu X, Zhang Z, Zhang Y (2016) Artificial metalloenzyme‐based
enzyme replacement therapy for the treatment of hyperuricemia.
Adv Funct Mater 26:7921-8.

67. Marcus AJ, Broekman MJ, Drosopoulos JH (2001) Inhibition of
platelet recruitment by endothelial cell CD39/ecto-ADPase:
significance for occlusive vascular diseases. Ital Heart J
2:824-30.

Citation: Sourav Mohanto (2021) A Review on Enzymosome: Effective Tool for Tumor Targeting. J Pharm Drug Deliv Res 10:10.

Volume 10 • Issue 10 •
JPDDR-21-40085

• Page 9 of 11 •

https://www.wjpps.com/Wjpps_controller/abstract_id/5059
https://www.wjpps.com/Wjpps_controller/abstract_id/5059
https://www.wjpps.com/Wjpps_controller/abstract_id/5059
https://journals.sagepub.com/doi/full/10.1038/jcbfm.2012.126
https://journals.sagepub.com/doi/full/10.1038/jcbfm.2012.126
https://dx.doi.org/10.2147%2FDDDT.S100075
https://dx.doi.org/10.2147%2FDDDT.S100075
https://dx.doi.org/10.2147%2FDDDT.S100075
https://japsonline.com/admin/php/uploads/1520_pdf.pdf
https://japsonline.com/admin/php/uploads/1520_pdf.pdf
https://japsonline.com/admin/php/uploads/1520_pdf.pdf
https://japsonline.com/admin/php/uploads/1520_pdf.pdf
https://doi.org/10.1016/j.bmcl.2016.06.085
https://doi.org/10.1016/j.bmcl.2016.06.085
https://doi.org/10.1016/j.bmcl.2016.06.085
https://pubs.acs.org/doi/full/10.1021/acs.chemrev.5b00046
https://pubs.acs.org/doi/full/10.1021/acs.chemrev.5b00046
https://doi.org/10.1080/10717544.2016.1177136
https://doi.org/10.1080/10717544.2016.1177136
https://doi.org/10.1016/j.ctrv.2016.09.012
https://doi.org/10.1016/j.ctrv.2016.09.012
https://doi.org/10.1016/j.ctrv.2016.09.012
https://doi.org/10.1016/j.ctrv.2016.09.012
https://dx.doi.org/10.2147%2FIJN.S129131
https://dx.doi.org/10.2147%2FIJN.S129131
https://dx.doi.org/10.2147%2FIJN.S129131
https://dx.doi.org/10.2147%2FIJN.S129131
https://downloads.hindawi.com/archive/2014/801820.pdf
https://downloads.hindawi.com/archive/2014/801820.pdf
http://impactfactor.org/PDF/IJCPR/7/IJCPR,Vol7,Issue1,Article1.pdf
http://impactfactor.org/PDF/IJCPR/7/IJCPR,Vol7,Issue1,Article1.pdf
http://impactfactor.org/PDF/IJCPR/7/IJCPR,Vol7,Issue1,Article1.pdf
http://eprints.hud.ac.uk/id/eprint/22093/1/ConwayLipid.pdf
http://eprints.hud.ac.uk/id/eprint/22093/1/ConwayLipid.pdf
http://eprints.hud.ac.uk/id/eprint/22093/1/ConwayLipid.pdf
https://doi.org/10.4155/tde-2016-0040
https://doi.org/10.4155/tde-2016-0040
https://doi.org/10.4155/tde-2016-0040
https://doi.org/10.2174/1567201813666160808110245
https://doi.org/10.2174/1567201813666160808110245
https://doi.org/10.2174/1567201813666160808110245
https://doi.org/10.1016/S0005-2736(02)00702-2
https://doi.org/10.1016/S0005-2736(02)00702-2
https://doi.org/10.1016/S0005-2736(02)00702-2
https://link.springer.com/article/10.1007/s11095-014-1447-7
https://link.springer.com/article/10.1007/s11095-014-1447-7
https://link.springer.com/article/10.1007/s11095-014-1447-7
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.932.3582&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.932.3582&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.932.3582&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.932.3582&rep=rep1&type=pdf
https://www.nature.com/articles/pr2008103
https://www.nature.com/articles/pr2008103
https://www.researchgate.net/profile/Aleksandra-Krolicka-3/publication/8382467_Activities_of_synthetic_peptides_against_human_pathogenic_bacteria/links/09e4150d22bdcc7109000000/Activities-of-synthetic-peptides-against-human-pathogenic-bacteria.pdf
https://www.researchgate.net/profile/Aleksandra-Krolicka-3/publication/8382467_Activities_of_synthetic_peptides_against_human_pathogenic_bacteria/links/09e4150d22bdcc7109000000/Activities-of-synthetic-peptides-against-human-pathogenic-bacteria.pdf
https://www.researchgate.net/profile/Aleksandra-Krolicka-3/publication/8382467_Activities_of_synthetic_peptides_against_human_pathogenic_bacteria/links/09e4150d22bdcc7109000000/Activities-of-synthetic-peptides-against-human-pathogenic-bacteria.pdf
https://doi.org/10.1080/10826068.2015.1135463
https://doi.org/10.1080/10826068.2015.1135463
https://doi.org/10.1080/10826068.2015.1135463
https://doi.org/10.1080/10826068.2015.1135463
https://www.mdpi.com/2079-4991/7/7/153
https://www.mdpi.com/2079-4991/7/7/153
https://www.mdpi.com/2079-4991/7/7/153
https://www.mdpi.com/2079-4991/7/7/153
https://doi.org/10.1016/j.ijpharm.2009.09.036
https://doi.org/10.1016/j.ijpharm.2009.09.036
https://doi.org/10.1016/j.ijpharm.2009.09.036
https://doi.org/10.1042/BA20060028
https://doi.org/10.1042/BA20060028
https://doi.org/10.1042/BA20060028
https://doi.org/10.1042/BA20060028
https://doi.org/10.1080/17482940902724044
https://doi.org/10.1080/17482940902724044
https://doi.org/10.1080/17482940902724044
https://doi.org/10.1080/17482940902724044
https://www.nature.com/articles/srep20136
https://www.nature.com/articles/srep20136
https://www.nature.com/articles/srep20136
https://doi.org/10.1016/S1389-0344(01)00088-0
https://doi.org/10.1016/S1389-0344(01)00088-0
https://doi.org/10.1016/S1389-0344(01)00088-0
https://doi.org/10.3109/10717540903508953
https://doi.org/10.3109/10717540903508953
https://doi.org/10.3109/10717540903508953
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0179195
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0179195
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0179195
https://www.ingentaconnect.com/content/ben/cpd/2013/00000019/00000013/art00011
https://www.ingentaconnect.com/content/ben/cpd/2013/00000019/00000013/art00011
https://doi.org/10.1021/acsami.5b05758
https://doi.org/10.1021/acsami.5b05758
https://doi.org/10.1021/acsami.5b05758
https://doi.org/10.1002/adfm.201602932
https://doi.org/10.1002/adfm.201602932
https://doi.org/10.1002/adfm.201602932
https://www.federcardio.it/pdf/2001/11/20010339.pdf
https://www.federcardio.it/pdf/2001/11/20010339.pdf
https://www.federcardio.it/pdf/2001/11/20010339.pdf
https://www.federcardio.it/pdf/2001/11/20010339.pdf


68. Chaikof EL, Haller CA, Cui1 W, Wen J, Robson SC (2006)
CD39 enzymosomes inhibit platelet activation in vitro and in
vivo. J Surg Res 130:234-5.

69. Nielsen UB, Kirpotin DB, Pickering EM, Drummond DC, Marks
JD (2006) A novel assay for monitoring internalization of
nanocarrier coupled antibodies. BMC Immunol 7:1-15.

70. Powers AD, Palecek SP (2012) Protein analytical for diagnosing,
monitoring, choosing treatment for cancer patients. J Healthcare
Eng 3:503-34.

71. J.M. McCord, I. Fridovich, J. Biol. Chem. 244 (1969) 6049–
6055.

72. G. Jadot, A. Vaille, J. Maldonado, P. Vanelle, Clin.
Pharmacokinet. 28 (1995) 17–

73. Haslock, Aliment. Pharmacol. Ther. 12 (1998) 2127– 2133.
74. R. Nakaoka, Y. Tabata, T. Tamaoka, Y. Ikada, J. Control. Release

46(1997) 253– 261.
75. F.M. Veronese, E. Boccou, O. Schivon, J. Pharm. Pharmacol.

35(1983) 757– 758.
76. K. Mihara, K. Sawai, Y. Takakura, M. Hashida, Biol. Pharm.

Bull. 1 (17) (1994) 296– 301.
77. K. Wong, L.G. Cleland, M.J. Poznansky, Agents Actions 10

(1980) 231–239.
78. R. Igarashi, J. Hoshino, Y. Ochiai, J. Pharmacol. Exp. Ther. 271

(1994) 1672– 1677.
79. M.L. Corvo, M.B. Martins, A.P. Francisco, J.G. Morais, M.E.M.

Cruz, J. Control. Release (1997) 1– 8.
80. J.F. Turrens, J.D. Crapo, B.A. Freeman, J. Clin. Invest. 73 (1984)

87– 95.
81. H. Aoki, M. Fujita, C. Sun, K. Fuji, K. Myajima, Chem. Pharm.

Bull. 45 (1997) 1327– 1331.
82. R. Nakaoka, Y. Tabata, T. Tamaoka, Y. Ikada, J. Control. Release

46 (1997) 253– 261.
83. J.F. Turrens, J.D. Crapo, B.A. Freeman, J. Clin. Invest. 73 (1984)

87– 95.
84. M.L. Corvo, M.B. Martins, A.P. Francisco, J.G. Morais, M.E.M.

Cruz, J. Control. Release 43 (1997) 1– 8.
85. M.L. Corvo, O.C. Boerman, W.J.G. Oyen, L.V. Bloois, M.E.M.

Cruz, D.J.A. Crommelin, G. Storm, Biochim. Biophys. Acta
1419 (1999) 325– 334.

86. M.L. Corvo, Liposomes as delivery system for superoxide
dismutase in experimental arthritis, PhD Thesis, Utrecht
University, 1998.

87. M.B.F. Martins, J.C.S. Jorge, M.E.M. Cruz, Biochimie 72
(1990)671– 675.

88. J.C.S. Jorge, R. Perez-Soler, J.G. Morais, M.E.M. Cruz, Cancer
Chemother. Pharmacol. 34 (1994) 230– 234.

89. M.E.M. Cruz, J.C.S. Jorge, M.B.F., Martins, M.M.
Gaspar,A.C.E. Esteves, R. Perez-Soler, European Patent
Application No. 91310180.4, Publication No. 0485143A1, 1991.

90. M.L. Corvo, O.C. Boerman, W.J.G. Oyen, L.V. Bloois, M.E.M.
Cruz, D.J.A. Crommelin, G. Storm, Biochim. Biophys. Acta
1419 (1999) 325– 334.

91. O.C. Boerman, W.J.G. Oyen, G. Storm, M.L. Corvo, L. van
Bloois,

92. O.C. Boerman, G. Storm, W.J.G. Oyen, L. van Bloois, J.W.M.
van. der Meer, R.F.H.M. Claessens, D.J.A. Crommelin, F.H.M.
Corstens, J. Nucl. Med. 36 (1995) 1639–1644.

93. Bhowmik D, Chiranjib, Chandira RM, Tripathi KK, Kumar KPS
(2010) Nanomedicine- An overview. International Journal of
PharmTech Research 2: 2134-2151.

94. Vyas SP, Khar RK (2012) Immunotherapy of tumour. Targeted &
Controlled Drug Delivery: Novel Carrier Systems. CBS, India.
Pg: 521-523.

95. Deonarain MP, Epenetos AA (1994) Targeting enzymes for
cancer therapy:old enzymes in new roles. Br J Cancer 70:
786-794.

96. Fonseca MJ, Jagtenberg JC, Haisma HJ, Storm G (2003)
Liposome-mediated targeting of enzymes to cancer cells for site-
specific activation of prodrugs: comparison with the
corresponding antibody-enzyme conjugate. Pharm Res 20:
423-428.

97. Vingerhoeds MH, Haisma HJ, van Muijen M, van de Rijt RB,
Crommelin DJ, et al. (1993) A new application for liposomes in
cancer therapy. Immunoliposomesbearing enzymes (immuno-
enzymosomes) for site-specific activation of prodrugs. FEBS
Lett 336: 485-490.

98. Xu G, McLeod HL (2001) Strategies for enzyme/prodrug cancer
therapy. Clin Cancer Res 7: 3314-3324.

99. Kumar R, Kumar S, Jha SS, Jha AK (2011) Vesicular System-
Carrier for Drug Delivery. Pelagia Research Library 2:192-202.

100. Haisma HJ, Boven E, van Muijen M, de Jong J, van der Vijgh
WJ, et al. (1992) A monoclonal antibody-beta-glucuronidase
conjugate as activator of the prodrug epirubicin-glucuronide for
specific treatment of cancer. Br J Cancer 66: 474-478.

101. Kumar R, Kumar S, Jha SS, Jha AK (2011) Vesicular System-
Carrier for Drug Delivery. Pelagia Research Library 2:192-202.

102. Foldvari M, Jaafari MR, Mezei M, Mezei C (1998) Targeting of
liposomes through immunoglobulin superfamily domains: P0
protein as a model. Drug Deliv 5: 183-195.

103. Tan QY, Zhang JQ, Wang N, Yang H, Li X, et al. (2012)
Improved biological properties and hypouricemic effects of
uricase from candida utilis loaded in novel alkaline
enzymosomes. Int J Nanomedicine 7: 3929-3938.

104. Foldvari M, Jaafari MR, Mezei M, Mezei C (1998) Targeting of
liposomes through immunoglobulin superfamily domains: P0
protein as a model. Drug Deliv 5: 183-195.

105. Corvo ML, Jorge JC, van’t Hof R, Cruz ME, Crommelin DJ, et
al. (2002) Superoxide dismutase entrapped in long-circulating
liposomes: formulation design and therapeutic activity in rat
adjuvant arthritis. Biochim Biophys Acta 1564: 227-236.

106. Korting SM, Mehnert W, Korting HC (2017) Lipid nanoparticles
for improved topical application of drugs for skin diseases. Adv
Drug Delivery Rev 59:427-43.

107. Sutariya V, Patel P (2012) Aquasome: a novel carrier for drug
delivery. Int J Pharm Sci Res 3:688-91.

108. Nair SC, Nair AS, Vidhya KM, Saranya TR, Sreelakshmy KR
(2013) Emulsomes: a novel liposomal formulation for sustained
drug delivery. Int Res J Pharm Appl Sci 3:192-6.

109. Shefrin S, Sreelaxmi CS, V Vijayan, Sreeja C. Nair et.al (2017)
Enzymosomes: A Rising Effectual Tool for Targeted Drug
Delivery System, International Journal of Applied
Pharmaceutics,

110. Hundekar YR, Nanjwade BK, Mohamied AS, Idris NF, Srichana
T, et al. (2015) Nanomedicine to Tumor by Enzymosomes. J
Nanotechnol Nanomed Nanobiotechnol 2: 004.

Citation: Sourav Mohanto (2021) A Review on Enzymosome: Effective Tool for Tumor Targeting. J Pharm Drug Deliv Res 10:10.

Volume 10 • Issue 10 •
JPDDR-21-40085

• Page 10 of 11 •

https://doi.org/10.1016/j.jss.2005.11.205
https://doi.org/10.1016/j.jss.2005.11.205
https://doi.org/10.1016/j.jss.2005.11.205
https://link.springer.com/article/10.1186/1471-2172-7-24
https://link.springer.com/article/10.1186/1471-2172-7-24
https://link.springer.com/article/10.1186/1471-2172-7-24
https://doi.org/10.1260/2040-2295.3.4.503
https://doi.org/10.1260/2040-2295.3.4.503
https://doi.org/10.1260/2040-2295.3.4.503
https://doi.org/10.1016/S0021-9258(18)63504-5
https://doi.org/10.1016/S0021-9258(18)63504-5
https://link.springer.com/article/10.2165/00003088-199528010-00003
https://link.springer.com/article/10.2165/00003088-199528010-00003
https://doi.org/10.1016/S0005-2736(02)00702-2

	Contents
	A Review on Enzymosome: Effective Tool for Tumor Targeting
	Abstract
	Introduction
	A Brief Note on Enzymosome
	Method of Preparation
	Preparation of Enzymosomes of Surface-Exposed Superoxide
	Blueprint of Immune-Enzymosomes Which Have the Ameliorated Enzyme Desideratuming Capability and Cell Attaching Properties
	Manufacturing & Construction of Alkaline Enzymosomes weighted With Bacillus Fastidious
	Layout and Personation of Enzymosomes with Surface Exposed Superoxide Dismutase
	Treatment of Tumour by Enzymosomes
	Benefits of Enzyme Prodrug Medication Which is Under Controlled by Antibody
	Future Prospective Of Enzymosome in Treatment for Tumour

	Conclusion
	References




