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ABSTRACT

Carbimazole is an oral, imidazole derivative used in the treatment of hyperthyroidism and
Grave’s disease. It is a carbethoxy derivative or prodrug of methimazole used for anti-
thyroid action which gets converted to methimazole after absorption. It belongs to BCS class
Il indicative of poor solubility. Carbimazole is available in market as conventional solid
dosage form that makes it easier to administer and are economic but the drawback that
arises is repetitive or frequent dosing that leads to lesser patient compliance. To overcome
this barrier a novel formulation technique is discussed in this review which involves the
formulation of nanospheres. Nanospheres are colloidal particles of 10-200nm that are
spherical, polymer matrix type nano ranged devices which consist of drug molecules present
in dispersed phase in polymer matrix. They are devised in order to tailor (control or sustain)
the drug release profile, reduce the dosing frequency and deliver the drug at targeted or
affected site. They have the ability to protect the drug from chemical and enzymatic
degradation. This review article focuses on nanospheres, drug release mechanism,
preparation and characterization methods in context of Carbimazole for treatment of
hyperthyroidism and Grave’s disease. Various research articles from 2010 to 2022 were
reviewed for research conducted in nanospheres.

Keywords: Anti-thyroid agent, Hyperthyroidism, Grave's disease, BCS Class I,
Carbimazole, Nanospheres, sustained release.

INTRODUCTION

Carbimazole is an oral, imidazole derivative used in the treatment of hyperthyroidism and
Grave’s disease. It is a carbethoxy derivative or prodrug of methimazole used for anti-thyroid
action. The drug inhibits the iodination of tyrosine in thyroglobulin (1). The IUPAC name of
Carbimazole is ethyl 3-methyl-2-sulfanylideneimidazole-1-carboxylate and has molecular
formulae C7H10N20>S with molecular weight 186.232 g/mol. It is pink in colour, with
odourless or faint odour. It has good solubility in water, organic solvents such as ethanol,
DMSO, dimethyl formamide, chloroform, acetone and methanol. Carbimazole works by
getting converted first into methimazole after absorption. The drug decreases the uptake and
concentration of inorganic iodine by thyroid gland (2). It reduces the formation of di-
iodotyrosine and thyroxine. Methimazole inhibits the enzyme coupling (thyroid peroxidase)
and prevents the iodination of tyrosine residues on thyroglobulin. This reduces the production
of thyroid hormone T3 and T4 and thereby works as anti-thyroid agent (3).

Carbimazole is marketed in India under several brands but in conventional form as solid

dosage forms only. The conventional tablet form makes it easier to administer and are
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economic but the drawback that arises is repetitive or frequent dosing that leads to lesser
patient compliance. Hence, to avoid the drawbacks associated with the conventional form a
novel nanotechnology approach preferably nanospherical approach should be considered for
the sustained or controlled release of Carbimazole that would reduce the frequency of dosing
and improve patient compliance.

Nanotechnology is the foremost approach used in pharmaceutical industry since the
beginning of 21 century for its several advantages. The nanotechnology is the blend of
science, engineering, and technology used in the production of nanoscale material. In
pharmaceutical industries, the nanotechnological approach is used for its nano-range,
controlled or sustained release drug delivery, improved therapeutic efficacy, improved
bioavailability, drug delivery at targeted or affected site, accurate dose with lesser or no
adverse/ side effects at other sites of body, restrain hypersensitivity reaction, improved
solubility of lipophilic drugs, improved stability and higher drug permeability (4). The nano
approach has been used in formulation of medications for different route of administration
and treatment of many acute and chronic diseases. The nanotechnology has numerous
platforms that include liposomes, polymeric nanoparticles (nanocapsules and nanospheres),
nanosponges, nanoparticles, dendrimers, micelles and nanoconjugates (5-8).

Nanospheres

Nanospheres are colloidal particles of 10-200nm that are spherical, polymer matrix type nano
ranged devices which consist of drug molecules present in dispersed phase in polymer matrix
(9). Nanospheres are amorphous or crystalline in nature and the drug molecules are dispersed
in solid skeleton formed by polymer matrix (10). The Nanospheres are devised in order to
tailor (control or sustain) the drug release profile, reduce the dosing frequency and deliver the
drug at targeted or affected site (11-13). They have the ability to protect the drug from
chemical and enzymatic degradation. The nanospheres are prepared by using either
biodegradable (albumin, modified starch, gelatin) or non-biodegradable polymers (polylactic
acid) and hence they are classified as Biodegradable nanospheres or Non-biodegradable
nanospheres (14).

Characteristics of Nanospheres

Non toxic

Non immunogenic

Biocompatible

Economical

Scalable manufacturing process

VOLUME 22 : ISSUE 03 (Mar) - 2023 Page No:64



YMER || ISSN : 0044-0477 http://lymerdigital.com

Appropriate for small as well as large molecules such as proteins, nucleic acids and peptides
)

Advantages of Nanospheres (6, 7, 15)

Higher barrier permeability: The nano-range of particles allows the permeability of the
formulation through smallest capillary vessels in the body and also improves the penetration
through cells and tissues to reach targeted site.

Delayed clearance time: The small size of the particles helps in the movement of the drug
molecules in bloodstream for prolonged time that allows the delay in clearance time of the
drug.

Tailored drug release profile: Nanospheres are devised in order to either control or sustain
the drug release.

Targeted drug delivery: Nanospheres allows the delivery of the drug at targeted or affected
site in the body.

Administration through different routes: The nanospheres can be administered through
almost all routes of drug delivery such as oral, parenteral, topical, nasal etc.

Reduction in dosing frequency: The targeted delivery of drug helps in reduction of dosing
frequency as accurate amount of drug reaches at the site of action.

Improved patient compliance: Reduced dose frequency leads to improved patient
compliance.

Higher therapeutic efficacy and bioavailability: The targeted drug delivery improves the
therapeutic efficacy of the drug and thereby enhances the drug bioavailability.

Reduced toxicity or adverse effects: The adverse effects or toxicity at the other organ sites
can be reduced due to targeted drug delivery.

Higher stability and reduced drug leakage: The nanospheres are physically stable and the
possibility of drug leakage is lowest.

Drug release phenomenon from nanospheres (9, 16)

The drug release mechanism from nanospheres is governed by dissolution, diffusion, erosion,
desorption and combination of erosion-diffusion.

Dissolution controlled release: In this, the dissolution of drug or absorption of drug from
gastro-intestinal tract is the rate limiting step.

Diffusion controlled release: In this, the movement of drug solution from higher
concentration to lower concentration (diffusion) is rate limiting stage in gastro intestinal

stage. The diffusion controlled release form is categorised into matrix and reservoir type.
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Erosion controlled release: The physical dissolution of the polymer or degradation of
hydrophobic polymer layer via enzymatic degradation leads to formation of pores on the
walls of the nanospheres. This degradation is known as erosion. The drug release from the
nanospheres is either through surface or bulk. The drug release through surface erosion is
achieved when the polymer surface erodes and the internal regions remain unaltered. On the
otherhand, the drug release through bulk erosion is achieved when the water or solvent enters
or diffuse the whole polymer matrix.

Desorption controlled release: The drug release occurs through the previously adsorbed drug
on the surface of the polymer matrix.

Polymers used in nanospheres preparation

Both natural and synthetic polymers are used in preparation of nanospheres. The polymers
should be ideally non-toxic, biocompatible, safe and should be compatible with other
ingredients.

Natural polymers: Chitosan, starch, alginate, gelatin and albumin.

Synthetic polymers: Polylactic acid (PLA), Polylactico glycolic acid (PLGA),
Polycaprolactone (PCL) (17, 18)

Preparation techniques for nanospheres (19-21)

Coalescence method: This method involves the coalescence of two emulsions formed
separately. Firstly, a w/o emulsion is produced by adding drug and polymer using liquid
paraffin and then, another emulsion is formed using sodium hydroxide and polymer. Both of
these emulsions are then stirred at high speed for the collision of emulsion droplets and
coalescence and precipitation of emulsion droplets to form solid nanoparticles. These
nanoparticles are then washed and centrifuged for the separation of nanoparticles.
Desolvation technique: In this method of nanospheres preparation a polymeric solution
(natural polymer) is prepared using PEG as solvent. In the same way drug solution is
prepared by using ethanol as solvent. This drug solution is then added dropwise to polymeric
solution under constant stirring. Thereafter, cross linking agent is added and stirred for 12
hours. In the end, the prepared nanospheres are separated from the suspension by
centrifugation and further dried by lyophilisation (22, 23).

Emulsion cross linking technique: This method involves the formation of w/o emulsion by
emulsifying aqueous solution of polymer in oil phase. A suitable cross linking agent such as
glutaraldehyde is added to above emulsion to harden the emulsion droplets and form
nanoparticles. These nanoparticles are then separated out by filtration and rinsed continuously

with n-hexane and dried.
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Emulsion Polymerization method: In this method, the monomer and drug molecules are
dissolved in the agueous medium containing emulsifying agent and stabiliser. This mixture is
vigorously stirred in order to obtain a solution. It allows the polymerization of the drug
molecules and the solution is then centrifuged in order to obtain stable, purified and high
molecular mass nanospheres. Generally, the polymeric compounds such as
polymethylmethacrylate and polyethylcyanoacrylate are used for emulsion polymerization
method (24, 25).

Homogenization method: This method involves the formation of nanospheres using either
hot homogenization or cold homogenization technique. In hot homogenization method, a pre-
emulsion is formed by adding aqueous solution of drug in melted lipid and surfactant. The
mixture is homogenized at elevated pressure and temperature to produce o/w nanoemulsion.
This nanoemulsion is then cooled at room temperature for the re-crystallization of lipids and
formation of nanospheres. In cold homogenization method, the aqueous drug solution is
added to lipid melt at 5-7°C. This solution is then transferred to liquid nitrogen for the
process of solidification. These solidified drug-lipid particles are then milled to 50-100nm
and dispersed in freezed solution of emulsifier. The particles are then homogenised at room
temperature to produce nanospheres (26).

lonic gelation method: In this method, the polycationic polymer is mixed with drug solution
and added to polyanionic polymer solution. On mixing or stirring the solutions, a
complexation reaction occurs between oppositely charged molecules. This leads to the
conversion of polymer from liquid to gel state and precipitation leads to formation of
spherical nanospheres. The solution was then filtered and centrifuged to separate dried
nanospheres (27-30).

Salting out method: In this method, the organic phase is prepared by dissolving drug and
polymer in water miscible organic solvent. This solution is then emulsified in aqueous
solution of salting-out agents such as magnesium chloride, magnesium acetate and sodium
chloride etc. The mixture is then stirred to form o/w emulsion which on further vigorous
stirring forms polymeric nanospheres. Afterwards, the salting out agent and solvent is
removed by either filtration or centrifugation (31, 32).

Solvent diffusion or displacement method/ Nanoprecipitation method: In this method, the
polymer is dissolved in organic water soluble solvent and added to aqueous phase containing
drug and stabilizer (33-41). Adding organic solvent to aqueous phase leads to diffusion of

solvent immediately and precipitation of polymer occurs leading to formation of polymeric
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nanospheres. These are then ultra-centrifuged and then lyophilised to obtain stable, purified
and dried form of nanospheres (42-48).
Solvent Evaporation Technique: In this method, the drug molecules are dissolved in the
aqueous solvent and the polymer matrix is prepared by adding polymer, stabiliser and organic
solvent. Both the phases are mixed and emulsifying agent is added to form o/w emulsion.
This emulsion is then stirred continuously for the evaporation of organic solvent and to obtain
polymeric nanospheres. These are then purified, centrifuged and stabilised by the process of
lyophilisation (49-56).
Supercritical fluid method: The organic solution is prepared by adding drug and polymer in
organic solvent. This organic solution is then atomised by passing the solution into nozzle
containing carbon dioxide. The organic solvent got diffused and extracted into anti-solvent
carbon dioxide phase due to miscibility and precipitation of nanospheres occurred and
separated out.
Characterization of Nanospheres:
Percentage Yield: The percentage yield of drug nanospheres can be calculated using the
weight of final product after drying with respect to the initial total quantity of the drug and
polymer used for preparation of nanospheres.

Percentage Yield = Practical yield X 100

Theoretical Yield

Surface Morphology (SEM analysis): The shape and surface morphology of drug loaded
nanospheres can be studied using scanning electron microscopy (SEM) (57).
Particle Size analysis: The size and size distribution of drug loaded nanospheres is
determined by using a laser light scattering particle size analyzer used to determine the
particle size of the drug formulations. A thin film of drug loaded nanospheres is spread on a
slide and covered with cover slip. The slide is observed under optical microscope.
Micromeretic Properties: Irregular flow of powder from the hopper produces non-uniform
weight tablets and capsules. Flow property depends on particle size, shape, porosity and
density of the powder. It includes Angle of repose, bulk density, tapped density, Carr’s index
and Hausner’s ratio.
Percentage Moisture Loss: Drug loaded nanospheres is evaluated for percentage moisture
loss which is sharing an idea about its hydrophilic nature. Percentage moisture loss was

determined using the following formula:

Percentage moisture loss = ((W1-W2)/W2) x 100
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Where, W1 = Initial weight of nanospheres;

W2 = Final weight of nanospheres.

Degree of Swelling: The swelling ability of nanospheres in physiological media is
determined by swelling them in the phosphate buffer solution pH 7.4. Accurately weighed
amount of nanospheres is immersed in little excess of phosphate buffer solution pH 7.4 for 24

hrs and washed (58). The degree of swelling of nanospheres is calculated using the formula:
a = (Ws-Wo) / Wo

Where, a is the Degree of swelling,

Wo = Weight of nanospheres before swelling,

Ws = Weight of nanospheres after swelling.

Estimation of Drug Content: Drug content in the nanospheres is estimated by an UV

spectrophotometric method.

Encapsulation Efficiency: Encapsulation efficiency of nanospheres is calculated using the
formula (59):

Encapsulation Efficiency = Estimated % Drug Content X 100

Theoretical % Drug Content
In-vitro Drug Release Studies: The release rate of drug loaded nanospheres is determined
using USP dissolution testing apparatus 11 (60).
Literature reviewed on use of nanospheres in pharmaceuticals
The literature was reviewed on applications of nanospheres in pharmaceutical research for the
several proclaimed advantages from 2010 to 2022 and the survey is mentioned in table 1.
TABLE 1: LITERATURE REVIEW OF DRUG LOADED NANOSPHERES

Drug loaded Method of
Polymer ) Purpose Reference
Nanospheres Preparation
) ) ) Targeted drug delivery
Curcumin Solid o/w emulsion

) for treatment of prostate
loaded PLGA  PLGA solvent evaporation (49)
cancer and other

nanospheres method _
therapies
Ampicillin o Sustained drug delivery
) ) Modified ionic )
trihydrate- Chitosan ) for treatment of bacterial (30)
gelation method ) )
loaded infections

VOLUME 22 : ISSUE 03 (Mar) - 2023 Page No:69



YMER || ISSN : 0044-0477

http://lymerdigital.com

chitosan

nanoparticles

Levofloxacin

nanoparticles

Dorzolamide
hydrochloride
-(Dorzo)
loaded

nanoparticles

Selegiline
loaded
nanospheres

using gelatin

Piroxicam
loaded protein
nanoparticles
using bovine

serum
albumin as

protein

Methotrexate
loaded

nanospheres

Chitosan

Eudragit
RS 100
(RS)
and/or
RL 100
(RL)

Gelatin

Albumin

Chitosan

lonic gelation method

Emulsion solvent

diffusion method

Spray drying method

Desolvation method

Emulsion
polymerization

method

Sustained drug delivery
for treatment of bacterial
infections and enhanced
therapeutic efficacy
Controlled release of
drug, reduced dosing
frequency, improved
patient compliance,
prolonged corneal
contact time and more
therapeutic efficacy
controlled release of
drug, with reduced
dosing frequency,
improved patient
compliance and more

therapeutic efficacy

Sustained release of drug

for treatment of pain and

inflammation

Sustained drug release,
targeted delivery,

enhanced therapeutic

efficacy and

bioavailability, reduced
dosing frequency,

improved patient

(29)

(41)

(61)

(62)

(25)
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Rutin
nanospheres

Paracetamol
loaded

nanoparticles

Itraconazole
loaded

nanoparticles

Fenofibrate -
loaded

nanoparticles

Carvedilol

nanoparticles

Asenapine
Maleate
loaded

nanoparticles

Lamivudine
loaded

nanoparticles

Hydrogel

Eudragit
S100

Eudragit

S100

Chitosan

Eudragit
L-100

HPMC,
chitosan
and

gelatin

Chitosan

Chitosan

PVP

compliance and reduced
side effects
o Targeted drug delivery
Nano-precipitation
for treatment of colon
method _
carcinoma
Sustained and targeted
] release, enhanced
Salting-out method ) )
therapeutic efficacy and
bioavailability
Improved therapeutic
efficacy, enhancing
lonic gelation method bioavailability and
reducing dosing
frequency
Enhanced solubility,
S sustained and targeted
Nano-precipitation
release, enhanced
method ] ]
therapeutic efficacy and
bioavailability
o Improved gastro-
Nano-precipitation )
retention and enhanced
method _ o
bioavailability
Sustained release with
targeted delivery,
lonic gelation method enhanced therapeutic
efficacy and

bioavailability

Double emulsion Improved therapeutic
solvent evaporation efficacy, enhanced
and Solvent diffusion bioavailability and
method reduced dosing frequency
Nano-precipitation Improved drug solubility

(40)

(31)

(28)

(39)

(38)

(27)

(37)

(36)
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loaded with
polymeric
nanoparticles
(PONPs) of
simvastatin
(SIM)

Mesalamine
loaded

nanospheres

Rapamycin

Fenofibrate

Coumarin-6

Hyperforin

Metoprolol
loaded solid
lipid

nanoparticles

Linagliptin

Nanospheres

Felodipine

Nanoparticles

K90,
PEG
4000

Eudragit
RS and L

PLGA

PLGA

PLGA,
PLA,
PCL

AcDex

Comprito
I

Chitosan,
EC,
HPMC
K4M

Eudragit
L100

method

Nano-precipitation
method

emulsification—

diffusion method

emulsification
method
Spontaneous
emulsification solvent
evaporation method
single
emulsion/solvent

evaporation

Hot Homogenization

technique

Nano-precipitation

method

Nano-precipitation

method

and skin permeation,
enhanced therapeutic
efficacy (enhanced
wound healing) and
bioavailability

Improved the therapeutic

efficacy, enhanced
bioavailability and

reduced dosing frequency

Anti-glioma activity,
Improved therapeutic
efficacy
Improved therapeutic
efficacy

Theranostics or

bioimaging

Improved anti-

inflammatory activity

Improved therapeutic

efficacy, bioavailability

and sustained drug

release

Improved drug solubility,

enhanced therapeutic
efficacy and
bioavailability
Patient compliance and
enhanced therapeutic

efficacy

(35)

(63)

(64)

(65)

(66)

(26)

(34)

(33)
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The literature indicates that the technique of developing nanospheres can be helpful in
delivering the carbimazole in controlled manner, at targeted site, with reduced dosing
frequency, improved patient compliance and more therapeutic efficacy.

CONCLUSION

From the literature surveyed it can be concluded that Nanospheres can tailor (control or
sustain) the drug release profile, reduce the dosing frequency, protect drug from enzymatic
degradation and deliver the drug at targeted or affected site. Drugs delivered through
nanospheres can improve the therapeutic efficacy and bioavailability. Hence, it seems to be a
good approach in sustaining the release of drug (Carbimazole) and thereby reducing dosage
frequency that would ultimately lead to patient compliance. The nanospheres of Carbimazole
can be effectively used in patients suffering from hyperthyroidism.
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