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Abstract:

Background:

There are various methods of formulation of micro and nanospheres such as solvent evaporation, solvent removal, polymerization,
hot-melt encapsulation, coacervation, phase/wet inversion, spray drying, spray congealing efc. Amongst these all, solvent
evaporation is one of the most widely used, researched, easy, accessible methods and for which many patents have been applied. It is
thus imperative to understand the basics of effect of formulation variables and design of solvent evaporation method which will be
covered in this review article.

Objective:

To discuss the various formulation factors while designing the robust micro and nanospherical systems with better morphology,
entrapment and release of the drugs.

Method:

Systematic analysis of the relevant literature, bibliographies, and interactions with investigators.

Results:

From the investigation of different literatures, it was found that various factors of solvent evaporation technique may be controlled in
order to design the micro and nanospheres of suitable morphology, entrapment and release characters.

Conclusion:

Various factors like type of polymer used, weight, viscosity, hydrophilicity, concentration, polymer ratio, stirring speed, emulsifier
concentration, concentration of cross-linking agents, type of solvent used, rate of addition of solvent etc. Affect the yield,
morphology, release and entrapment of the drug inside the system. Hence, these factors play crucial role in the design of a robust
micro and nanospherical system.

Keywords: Entrapment, Microparticles, Nanoparticles, Polymer erosion.

1. INTRODUCTION

Micro and nanospherical drug delivery systems are the fields of increasing concern in the present pharmaceutical
development. The advantages of these systems over the conventional methods include increase in drug entrapment and
loading ability, incorporation of both hydrophilic and hydrophobic drugs, target delivery, use of various route of
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administration for delivery of the drug, increase in stability, reduction of dose and protection from biodegradation, ease
in formulating the controlled release system, improved bioavailability etc. The future potential of the system in
performing the delivery of the drugs, genes, DNA, RNA, plasmids, oligonucleotides efc. to the target site makes the
study and investment in these kinds of drug delivery even more productive. The process of development of these
systems includes the arrangement of polymeric chains to form a matrix inside which the drug may either be entrapped
or dispersed or dissolved within the microspheres and nanospheres or adsorbed at their surface. Various methods such
as solvent evaporation, solvent removal, polymerization, hot-melt encapsulation, coacervation, phase/wet inversion,
spray drying, spray congealing, efc. can be adopted for the development of micro and nanospherical drug delivery
systems. Amongst these, solvent evaporation method is one of the most common patented methods, which is widely
studied for the preparation of the nano and microspherical systems. While designing these systems, it is very crucial to
understand the various important formulation factors. Size is one of the most important factors that should be
considered in the design and development of this system as size affects the interaction with the biological system, entry
of the drug and drug release. Other important parameter is the loading and entrapment efficiency which in turn are
related to the productivity of the pharmaceutical system.

1.1. Microspheres

Microspheres are the spherical particles of micrometer range (typically 1 pm to 1000 um) synthesized from natural
and synthetic materials [1]. They are efficiently utilized in controlled delivery of many drugs. Wastage of drug due to
low drug entrapment efficiency, repeatability and difficulty in scaling to large production facility are the major
drawbacks of microspheres [2]. Thus, care should be taken while designing microspheres and design should be
appropriate such that loading and entrapment efficiency of a particular drug can be enhanced and also drug wastage can
be minimized. A sound knowledge about the effects of various variables in entrapment efficiency can help in designing
the robust microsphere.

1.1.1. Advantages

1. Ease in injection due to spherical shape and small size.
2. Improves bioavailability and reduces the incidence or intensity of adverse effects.
3. Ease in controlling drug degradation and drug release [3].

1.1.2. Limitations

1. Cannot be subjected to physical pressure such as compression, chewing etc., as these may denature the
morphology and thus the physical properties of microspheres.

2. Controlled release formulations generally contain a higher drug load and thus any loss in integrity of the release
characteristics of the dosage form may lead to potential toxicity.

3. The release rate of the controlled release dosage form may vary due a variety of factors like food and the rate of
transit through gut.

4. They cover a large surface area and thus, there are more chances of particle aggregation.

5. There are more chances of burst release owing to their extremely small size and large surface area.

1.2. Nanospheres

Nanospheres are small particles with a size range of 10 to 200 nm. The hydrophobic surfaces of these particles are
susceptible to opsonization and clearance by the reticulo endothelial system [4]. There are various kinds of nanospheres
such as gelatin nanospheres, albumin nanospheres, modified starch nanospheres, propylene dextran nanospheres,
polylactic acid nanospheres, magnetic nanospheres, immune nanospheres efc. Nanospheres can be prepared by various
methods but the solvent evaporation is the most widely used. Nanospheres are extensively used for the targeted delivery
systems [4].

1.2.1. Advantages

1. If attached to various types of ligands, they can be used for the size specific targeted delivery.
2. Suitable for administration through various routes of administration [5].
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3. They can help to reduce the toxicity [6].

4. Can be used for developing various kinds of controlled drug delivery systems.

5. Due to their small spherical size, they can easily pass through the smallest capillary and thus help in the target
delivery systems [7].

6. Rapid clearance from phagocytes can be avoided and thus help in prolonging the residence time in the blood
stream.

1.2.2. Drawback of Nanospheres Drug Delivery System

1. Due to their small size, they cover a large surface area and thus there are more chances of particle aggregation.
2. Also, chances of burst release are more because of their extremely small size and large surface area.

1.3. Preparation with Solvent Evaporation Method

Solvent evaporation method is one of the most widely used methods due to its ease in the formulation process and
also its suitability for various modifications for preparing micro and nanospherical systems with improved properties. It
was first patented in 1979 by Vanderhoff ef al. as a polymer emulsification process to obtain polymeric particles. This
method finds its claims in several patents thereafter.

In this process, the polymer or micro or nano capsule coating agent is dispersed in a volatile solvent which is
insoluble in liquid manufacturing vehicle phase. The core material or the drug to be encapsulated is then dissolved or
dispersed in the coating polymer solution. Application of the stirring at certain speed causes the core material to get
dispersed in the liquid manufacturing vehicle phase to obtain a desired size range of the microsphere. This technique
forms an emulsion between polymer solution and continuous phase. With the application of heat or evaporation of the
volatile solvent with stirring, the polymer shrinks around the core or forms the matrix microspheres as the core is also
dissolved in the coating solution. This technique can incorporate both water soluble and insoluble core materials inside
the matrix system [8]. The list of microspheres prepared with solvent evaporation method is given in Table 3.

1.3.1. Advantages of the Method

e Modifications in the solvent evaporation technique such as multiple emulsion technique can be devised to
prevent degradation of the drug during encapsulation, to increase the drug loading and to improve the
predictability of the drug release [9].

e Can be used for the entrapment and release modification of both water soluble and water insoluble drugs [10].

e Solvent evaporation method using the microfluidic droplet devices can be used to make particles that are up to
three orders of magnitude of different sizes and to enable a fine control on the synthesis of drug carriers and can
be integrated in a complex microfluidic system [11].

e Relatively simple and convenient method which can be used for protecting and targeting active agents,
providing desired release profile, increasing efficacy and decreasing toxicity.

1.4. Types of Solvent Evaporation Method

1.4.1. Single Emulsion System

This is a moderately efficient method of entrapment of the drug as the problem of relatively poor encapsulation of
water-soluble and moderately water soluble drugs are inherent. The list of nanoparticles prepared by solvent
evaporation technique by single emulsion method is given in Table 1. In this method, the drug is dissolved in the
solution of the polymer (aqueous system) and then is dispersed to the non-aqueous system (oil) by continuous agitation.
Generally a shearing action is required to produce the emulsion droplets of small size than the conventional ones [12 -
15]. The second step involves cross-linking of the dispersed globule which is generally carried out by heat or by the
means of cross linking agents such as glutaraldhyde or formaldehyde.

Table 1. List of nanoparticles prepared by solvent evaporation technique by single emulsion method.

Patent No. Drug Polymer References
US20110212032A1 [2011]. Iron oxide and Rhodamine PLGA [16]
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(Table 1) contd.....

Patent No. Drug Polymer References
US7728036B2 [2010]. Nordihydroguaiaretic Acid [NDGA] PLGA [17]
US20100159021A1 [2010]. Resveratrol Different polymers [18]
US20100331819A1 [2010]. Texaphyrin, Porhyrin, Benzochlorin or Chlorophil Different polymers [19]
US20060188543A1 [2006]. Paclitaxel PLGA [20]
US20060177416 Al Bupivacaine Polyester amide [PEA] [21]

[2006].

WO2004112696A2 [2004]. Nordihydroguaiaretic Acid PLGA [22]

1.4.2. Multiple Emulsion System

This method is generally applied for the preparation of microspheres of water soluble drugs, protein, peptides and
vaccine which are generally in the double or multiple emulsion form. The common research on nanoparticles that has
been produced by double emulsion (solvent evaporation method) is given in Table 2. The aqueous protein solution
consisting of the drugs is dispersed in the lipophilic continuous phase. The primary emulsion thus formed is then
homogenized and then added again to the aqueous solution of Poly Vinyl Alcohol (PVA), which results in the
formation of a double emulsion. The solvent of the emulsion is then removed by the help of solvent evaporation or
extraction. The emulsion is added with water to diffuse out the organic phase. After which the solid microspheres are
obtained by centrifugation, filtration and washing with organic solvent to remove the traces of the oil from the surface
[23]. Lyophilization can also be adopted to decrease the burst effect [24].

Table 2. List of Nanoparticles produced by double emulsion method with solvent evaporation.

Drug Polymer Explanation References
Cisplatin PBA Nanoparticles that enable the release of drug in small concentration in a controlled manner|[25]
were formulated which thus helped in controlling the nephron toxocity and ototoxicity.
Aescin PLGA Effect of formulation parameters in zeta potential, entrapment and size was studied. [26]
Small interfering RNA|PLGA Could encapsulate the small interfering RNA. [27]
5-Flurouracil PHBHHx Small co-polymeric microspheres and nanospheres of spherical shape were obtained. [28]
Ritonavir/Lopinavir [PLGA Use of polaxomer and polyvinyl alcohol as a stabilizer and Methylene chloride as a solvent([29]
to produce PLGA microsphere.
Doxorubicin HCI1 PLGA Using polyvinyl alcohol as a stabilizer, small nanoparticles size were obtained. [30]
Bovine serum albumin|PLGA Using polyvinyl alcohol as stabilizer, small nanoparticles size were obtained. [31]
Daunorubicin PLGA/PLA Influence of various preparation parameters such as organic solvent, type of surfactant,|[32]
type of polymers and molecular weight was studied.
Paclitaxel, caumarin  [Chitosan Efficacy of chitosan coated PLGA nanoparticles as an efficient delivery system was|[33]
studied.
Small interfering RNA|PLGA /PEI It was found that presence of PEI in PLGA nanoparticles increased siRNA encapsulation|[34]
by about 2-fold and also improved release profile of siRNA.
Brimonidine tartrate  |Eudragit RL 100/|Narrow size range of nanoparticles with improved drug loading could be obtained for|[35]
Eudragit RS100 treating open angle glaucoma.
Table 3. Studies in Microspheres prepared by solvent evaporation technique.
Drug Polymer Result and Inferences References
rhVEGF  (human vascular|Poly(lactic-co-glycolic acid); PLGA Sustained order release of VEGF was observed for 2 weeks.[[36, 37]
endothelial growth factor) Dynamic light scattering (DLS) showed monodispersed
microparticles of small variation in micro particle size
(<2%).
Etoposide Poly (e-caprolactone) Sustained microsphere with narrow size distribution and|[38]
smooth surface.
Aspirin Ethyl cellulose (EC), cellulose acetate|Free flowing microspheres were observed. [39]
phthalate (CAP) and their mixture (1:1) |EC showed slower release rate than CAP and mixture.
Atenolol Ethyl cellulose Effect of various factors on release and entrapment was|[40]
studied.
Theophylline Cellulose acetate Good yield (87.5%) and good entrapment efficiency|[41]
(92.4%) was observed.
Telmisartan Ethylcellulose Hollow microsphere formation. [42]
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(Table 3) contd.....

Drug Polymer Result and Inferences References

Nifedipine Eudragit RL100 High drug-loading percent, successful retarding release|[43]
(over 12 hours) and spherical and smooth surface
morphology were obtained.

Salbutamol sulphate HPMC and Carbopol Good entrapment efficiency was observed (68.3+0.01 and|[44]
94.9+0.02%).

ValacyclovirHC1 Ethyl Cellulose Floating microsphere could be obtained which will have|[45]
high resident time in the upper part of GIT resulting in
improved absorption.

Captopril Eudragit S100, Ethyl Cellulose A sustained release was obtained. [46]

Stavudine Ethylcellulose, Dibutylpthalate Controlled release was obtained for a drug with very short|[47]
half life.

Boswellic acid HPMC, Ethylcellulose Increased gastric retention [48]

Ranitidine HPMC K100, Xanthan gum, Eudragit|Using acrylic and hydrophilic polymer, gastric residence([49]

S100 time can be increased.

Rosiglitazone maleate HPMC, Ethylcellulose] Decrease in gastric irritation, protection from gastric|[50]
degradation

Cephalexin Ethylcellulose Sustained effect [51]

Famotidine Acrylocoat S100, cellulose acetate The floating behavior, release rate and physical properties|[52]
are affected.

Cefpodoximeproxetil HPMC K100 M, Ethylcellulose Sustained effect [53]

Rabeprazol sodium HPMC, Methyl cellulose Improved short half life and prevention of degradation of|[54]
drug from lower part of stomach

Clarithromycin HPMC 15M, K4M, 100LV,|Sustained effect [55]

Ethylcellulose
Cimetidine HPMC, Ethylcellulose Sustained effect [56]

2. EFFECT OF FORMULATION VARIABLES ON DRUG RELEASE

2.1. Effect of Molecular Weight of Polymer on Drug Release

It is a very clearly observed phenomenon that the release mechanism can easily be modulated by the weight of used
polymer as higher molecular weight polymer shows slower release of the drugs [57]. It has been observed that at the
same amount of polymer in the micro spherical system, the polymers of higher viscosity are difficult to dissolve. The
main reason behind this phenomenon is the requirement of higher energy to pull the chain of polymers of higher
viscosity from their matrix and formation of thicker gel layer after the hydration. The viscosity effect is mainly due to
the differences in the molecular weight of the polymers. The following equation has been derived to explain the relation
between the polymer molecular weight and disentanglement concentration [58]:

Cp, dis= 2700/ MW

Where,

MW= molecular weight of the polymer,

Cp, dis= polymer disentanglement concentration.

The above relation shows that when the molecular weight of the polymer increases, the total porosity of the
polymers decreases which causes prolonged release of drug from the microspherical system. Take for instance HPMC
polymers such as HPMC k4M, HPMC k15M and HPMC K100M having molecular weight of 95, 120 and 250 kDa in
which HPMC K100M is seen to have a lower release rate than the others. This relationship also explains that at a higher
MW, the polymer disentanglement concentration is very low and reaches a plateau [59]. Young and Nelson equation
can be used to explain the sorption and desorption profile of different viscosity grades of HPMC polymers. These
equations describe three locations of the sorbed moisture: monolayer adsorption, externally adsorbed moisture, and
internally absorbed moisture. Increase in the polymer weight results in the reduction of amount of internal water
absorption and increase in external adsorption. In the experiment on “Elucidating the moisture sorption and desorption
profile of different viscosity grades of HPMC (K4M, K15M and K100M)”, it was observed that the lowest value of
internally absorbed moisture was obtained for HPMC K100M [60]. Since viscosity of the HPMC polymers is related to
the molecular weight and has a large influence on the erosion rate of the matrix tablet, the erosion rate can be adjusted
by the choice of HPMC polymer viscosity or by mixing polymers of different viscosity grades [61]. A higher molecular
weight HPMC polymer thus has a higher water holding capacity and the matrices of such polymeric system are less
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prone to erosion [62].

Want ef al. has explained that initial increase in the thickness of the matrix system (e.g microspheres and tablets) is
higher for the higher molecular weight HPMC grades. With the increase in water sorption (hydration of the polymer
chain), the disentanglement concentration is reached above which the polymers disentangle and detach from the gelled
matrix resulting in the polymer erosion [63]. The effect of the molecular weight of the polymer has also been explained
with the PLGA polymers with different molecular weights: PLGA 15000, PLGA 20,000 and PLGA 30,000 and it was
found that with the increase in molecular weight, the loading capacity is increased because of presence of stronger
barrier properties of polymers with high molecular weight [64]. The release of the drug from the microsphere is also the
function of degradation of polymers. The release of the drug can be programmed into prolonged released systems by
loading the drug into microspheres made of biodegradable aliphatic polyesters. For instance, the release of Gentamicin
Sulphate was faster in PLHMGA than the PLGA polymers as degradation rate of PLHMGA is more rapid than PLGA
[65].

2.2. Effect of Surfactant Concentration on Drug Release

The incorporation of higher amount of surfactant is not usually a good idea for designing the controlled or sustained
release microparticulate system because it has been observed that surfactant increases the rate and amount of drug
release from the microparticulate system. The basic reason to explain this phenomenon is the increase in wettability and
better solvent penetration inside the matrix system. Increase in surfactant concentration is also believed to increase the
drugs deposited at the surface of those matrix microspherical systems [66].

The presence of the surfactants also affects the modification of encapsulated products such as insulin and gives rise
to a sustained release profile from the matrices of microspheres. In a research, related to encapsulating bovine insulin
with poly (lactide co-glycolide) using different concentrations of non-ionic surfactants like poloxamer 188, polysorbate
20 and sorbitan monooleate 80, it was observed that during the period of sustained release, modification of insulin to a
high-molecular weight product was observed and its amount was related to the surfactant used. Among all the
surfactants used, polysorbate 80 at 3% w/v concentration was observed to have good insulin loading and slow drug
release [67].

The HLB values of the emulsifiers have marked effect in defining the micromeretic properties, release and
encapsulation of the drug in nano and microspherical systems. It is generally observed that emulsifiers with higher HLB
were found to be more effective for the encapsulation of the drug and showed better control of drug release from the
matrix system [68].

2.3. Effect of Stirring Rate on Drug Release

Various micro and nanospherical preparation methods require the use of stirrers. This is usually more popular in the
solvent evaporation or the emulsion solvent evaporation technique. Stirring rate has been used to explain the average
diameter of the microspherical system.

The sensitivity of polymer erosion to the degree of agitation can influence the polymer’s ability to give reproducible
and agitation-independent release in the complex hydrodynamic environment of the gastrointestinal tract compared to
more rigid non-eroding matrix materials [69]. When the stirring rate is higher, it causes the formation of finer dispersion
of the microparticles. When these microparticles are observed from SEM (Scanning Electron Microscope) photographs,
the larger microspheres formed at lower stirring rate are seen to be porous than those formed at higher stirring rate. As
the porosity of systems increases, the diffusion of the drug from the matrix system becomes easier [70]. On the another
study, the influence of stirring speed on the release of drug from biodegradable matrix microsphere was studied which
showed that by increasing speed from 400 to 1200 rpm, there was a marked effect on mean diameter of the microsphere
which decreased from 251p to 104p. The release rate of the drug was observed to be faster in the small size
microsphere [71]. Particle size also had the influence on the release property of the drug from microspheres. This is also
supported by the results of the research done by Pan Yan et al. where they found that particle size had an important
influence on the release of insulin from microspheres. They found that larger particles released relatively less amount of
insulin at the initial burst stage thus preventing initial burst which is considered as one of the main drawbacks of
microsphere [72]. It has also been observed that drug release depends strongly on microsphere diameter of 10-um and
20-um particles exhibiting concave-downward release profiles while larger particles resulted in sigmoidal release
profiles [73].
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2.4. Effect of Temperature Programming on Drug Release

In all the methods of preparation of microsphere which involves evaporation of the volatile component, temperature
has a very important role in defining the drug release. Generally, an abrupt increase in temperature during the
manufacture or use of very high temperature causes the rapid expansion of methylene chloride from the body of the
microsphere and causes the formation of hollow core and a thin permeable body [74]. It has been observed that the
amount of continuous phase and the micro/nanoparticle: bulk fluid ratio affects the release behavior of drugs from the
system. The solvent evaporation method is generally inconvenient for micro/nano spherical systems of water soluble
drugs because there is tendency of drug loss from emulsified polymeric phase before solidification of polymer in
microsphere [75]. Also, drug release is significantly faster in higher particle mass:bulk fluid volume ratio in case of
non-porous and initially porous system which should be taken into account when defining the experimental conditions
for drug release measurements from this type of advanced drug delivery systems [76].

3. EFFECT OF FORMULATION VARIABLES ON DRUG ENTRAPMENT

3.1. Effect of Polymer Concentration on Drug Entrapment

A higher molecular weight polymer has a greater degree of entanglement and thus will reduce the molecular
diffusion area and permeation of the drug across the matrix gel. When the polymer concentration increases, there will
be increase in the viscosity of the polymer gel and which thus results in longer diffusional path [77]. This causes a
decrease in the diffusion coefficient of the drug and reduction in the release rate of the drug. In order to achieve a
constant zero order or sustained release, the polymer should be hydrated fast to form a gel layer before the contents of
the matrix tablet gets dissolved. For the higher viscosity gels, they become more resistant to dilution and erosion [78].
On the other hand, the polymer forming the loose network in the matrix is seen to decrease the release rate and
encapsulation efficiency as the network allows the drug particles to leach out during the microsphere production [79]. It
has been observed and widely accepted that an increase in the polymer concentration increases the entrapment of the
drug inside the micro and nanospherical systems. The main reason for this phenomenon can be explained with the help
of following points.

3.1.1. Effect Due to Increase in Viscosity

As explained earlier, high concentration of the polymer used to formulate the microspherical systems causes the
increase in viscosity of the solution and delays the drug diffusion within the polymer droplets.

3.1.2. Effect of Increase in Velocity of Precipitation

When, the concentration of the polymers increases or the ratio of drug and polymer decreases, the polymers tend to
precipitate faster on the surface of the dispersed phase and it can prevent drug diffusion across the phase boundary.

3.1.3. Effect of Increase in Size

With the increase in polymer concentration, the size of the microsphere increases. This causes a decrease in the
surface area of the microspheres and decreased exposure to water. Thus, the drug loss due to diffusion from the gel
layer also decreases. Decreasing the polymer concentration also leads to reduction in loading efficiency due to
maximum drug: polymer ratio and small size of microspheres is obtained resulting in loss of drug from surface during
washing of microspheres. In an experiment by Saravananet et al. where they formulated the floating microspheres of
ranitidine hydrochloride with ethyl-cellulose as a polymer, they observed that increase in the polymer concentration
increased the drug entrapment with maximum entrapment seen at a drug:polymer ratio 1:3 [80].

3.2. Effect of Interaction Between Drug and Polymer on Drug Entrapment

The interaction between drug and polymer may be hydrophilic or hydrophobic and may result in the drug release
and entrapment from micro or nanospherical system. For hydrophobic interactions, the drug is best encapsulated in
polymers containing with free carboxylic acid end groups. For hydrophobic interactions the encapsulation or the
entrapment efficiency may be increased by relatively hydrophobic end capped polymers [81, 82]. It is also observed that
the encapsulation of microsphere of tetanus toxoid formed with PLGA increased when formulated with hydroxylpropyl
cyclodextrin (g-HPCD). It is supposed that the g-HPCD increased the interaction by involving amino acid side group of
the toxoid into its cavity and simultaneously interacting with PLGA through Vander Waals and hydrogen bonding
forces [83]. It is also observed that the complexation between the drug and the polymer may affect in the release of the
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drug from the matrix system. In a study of 23 drugs with different solubility and molecular weight, matrixed with
HPMC and sodium carboxy methylcellulose, it was observed that very soluble and soluble drugs such as beta-blockers
and soluble vitamins (thiamine hydrochloride) released more slowly in a matrix of HPMC and sodium
carboxymethylcellulose due to complex formed between cationic drug and anionic polymer [84].

3.3. Effect of Stirring Rate on Drug Entrapment

Various experiments have been performed taking in consideration the observation of the stirring rate and its effect
on the entrapment of the drug inside the matrix systems of microspheres. It has been observed that with the increase in
the stirring rate, the mean particle size decreases and due to fast evaporation of the solvent from the matrix system
during the manufacture, there is a formation of the hollow spheres. In the lower stirring rate such as 300 rpm, there is a
formation of the solid and irregular type of microsphere. But as the rpm increases to 1000 or 1500, various hollow
spheres begin to form in the formulation process but the microspheres are spherical in nature. This property of
formation of the hollow microspheres of spherical shape can be taken as an attribute for the entrapment of the drug to
transfer inside the narrow capillary space. In an experiment of formation of the microspheres of Diltiazem HCI using
Eudragit RS100 and Eudragit RL 100 in which the stirring speed had been applied between 300 to 1000 rpm, solid and
irregular microparticles were seen at a lower stirring rate while at 600 rpm particles size and drug entrapment efficiency
were 82% and 210 um, respectively, and at 1000 rpm spherical shape of microspheres was observed but particles
coalesced to beaker wall and also decrease with decreased particle size [85]. Increase in stirring speed is thus little
difficult to obtain the small microparticles owing to the loss of formulation by adhering on the walls of manufacturing
vessels. Similar results were obtained in the research conducted by S. Jose et al. in the study of colon specific chitosan
microspheres for chronotherapy of chronic stable angina where they observed that increasing the stirring rate from 1000
to 2000 rpm, decreases the entrapment efficiency from 89% to 86.5% [86]. In the experiment of preparation of
thermoresponsive hydrogel of N-isopropylacrylamide, it was observed that the size distribution could readily be
programmed by altering the stirring rate and changing the concentration of lecithin in the formulation [87].

3.4. Effect of Surfactant Concentration on Drug Entrapment

It has been observed that surfactant affects both the drug release and drug entrapment in the microspherical system.
Increase in surfactant concentration leads to decrease in encapsulation efficiency of microspheres due to the fact that
increase in surfactant concentration leads to stabilization of small droplets and results in smaller microspheres. Loss of
drug from surface of small microspheres is more than that of larger microspheres during washing [88]. In one study of
variability of PLGA nanoparticles quality by Placket- Burman design, it was observed that the higher concentration of
the emulsifier increased the partition of drug from internal to external phase due to increased solubility of the drug in
the external phase [89]. Statistical analysis of the results of the study showed that the increase in emulsifier
concentration caused a decrease in the entrapment efficiency.

3.5. Effect of Cross-Linking Agents on Drug Entrapment

Benergee et al. observed that entrapment can be increased in interprenating polymer network (IPN) based
formulation by the incorporation of higher amount of cross linking agents like gluteraldehyde, therefore, for the slightly
soluble drugs, incorporation of optimized amount of cross-linker can improve the entrapment [90]. This has also been
observed in the case of mucoadhesive microspheres. Patel et al. investigated in the effect of cross linker on drug-
loading efficiency of glipizide mucoadhesive microspheres where a significant effect on mucoadhesion and drug
entrapment efficiency of microspheres was observed. This could be explained as when the amount of glutaraldehyde
increases, it tends to favor the cross-linking and consequently forming spherical free-flowing microspheres with an
increase in drug loading efficiency [91].

3.6. Effect of Temperature on Drug Entrapment

Temperature has the significant role in affecting the morphology, entrapment and release rate of the drug from the
microspherical systems. It has been observed that at higher temperature, the microspheres have hollow core and porous
wall owing to the fact that the volatile components such as methylene chloride used in the formulation of the
microspheres evaporate rapidly at a higher temperature. It has also been observed that the core size and wall thickness
are depended on the temperature ramp. A rapid rise in temperature results in a thin wall and a large hollow core,
whereas a stepwise temperature rise (15 to 25, then to 40°C) results in a reduced core size [92].
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4. EFFECTS OF FORMULATION VARIABLES ON MICROSPHERE SIZE

4.1. Effect of Polymer Concentration on Microsphere Size

It is widely observed phenomenon that the particle size of the microspheres increases as the ratio of polymer
increases in the microspherical system because of increase in the viscosity of the polymer which results in formation of
larger emulsion droplets and thus consecutively larger size of the microspheres. The explanations were well observed in
an experiment by Patel et al. where the particle size of aspirin loaded microspheres was analyzed by optical
microscopy. The average particle size of microspheres was found to be in the range of 328 to 990 pm. The polymer
solution of increasing concentration showed greater size in SEM [93]. The polymer concentration has also been
observed to have effect on the size of the nanospheres. Lung-Hsin Hung et a/. studied a new method for nanosphere
synthesis by droplet microfluidic solvent evaporation technique where they observed that increase in initial PLGA
concentration increased the diameter of the particles and also increased the particle volume. An increase in the
concentration of PLGA from 0.5% to 5% increases the volume by 20 folds from 0.52 to 9.2 pl. This concludes that on
increasing the concentration of PLGA, it decreases the density and hence results in larger matrix size and cargo capacity
[94].

4.2. Effect of Surfactants on the Microsphere Size

4.2.1. Effect of Surfactants of Different HLB Values on the Size of Microspheres

The particle size of the microsphere increases with the increase in the HLB value of the surfactant being used.
Microspheres prepared using surfactants of higher HLB value are larger in size and competitively have a higher
entrapment efficiency which is due to the fact that the entrapment efficiency increases with the increase in the
microsphere size. Similar results were obtained in an experiment where the effect of surfactants like span 80 and span
20 on particle sizes and entrapment efficiency of tramadol loaded PCL microspheres were studied. The results
demonstrated that the microspheres prepared using span 80 were smaller than that of span 20. And the mixture of
surfactants showed further smaller microspheres [95].

4.2.2. Effect of Surfactant Concentration on the Size of Microspheres

It has been observed that increase in concentration of the surfactant used to manufacture the microspheres causes
decrease in the size of the microsphere owing to the fact that increase in concentration of the surfactant causes decrease
in the interfacial energy between the two droplets and the presence of emulsifying agent in the cross linking medium,
allowing the stabilization of the preformed microspheres to maintain their size until completion of the cross linking
reaction. Similar results were obtained in the experiments of Patel et al. in preparation and evaluation of ethyl cellulose
microspheres by emulsification-solvent evaporation method where increase in concentration of the emulsifying agent
caused decrease in the particle size of the microspherical system [96].

4.3. Effect of Stirring Rate on the Microsphere Size

Stirring speed also affects the percentage yield and mean microparticle size because of the turbulence developed. In
higher rate of the stirrer (1500 rpm), there was the production of froth and adhesion in the walls of the container which
consequently decrease the mean particle size of the microsphere. An optimum spherical shape and state free from
aggregation was obtained to the stirring speed of 1000 rpm. An increase in particle size at low stirring speed (500 rpm)
can be explained on the basis of tendency of the globules to aggregate and coalesce [97].

Target drug release with the help of encapsulation techniques such as microspheres is an important future directive
in the formulation works. Microspheres thus have to maintain an acceptable size for the drug permeation and targeting
to the desired location. The explanations are also supported by experiment by Giilen Melike Demir et al. where on
increasing the stirring rate from 8,000 to 20,000 rpm, the particle size decreased from 72.54 pm to 13.67 um and also
increased the zeta potential 0.135 to 0.245 Mv [98].

4.4. Effect of Viscosity of the Dispersed and Continuous Phase on the Microsphere Size

It has been observed that the viscosity of the dispersed and the continuous phase greatly affects the microsphere
size. In an experiment, microspheres were prepared using a hydrocarbon-perfluorocarbon solvent extraction process. It
was observed that smaller microspheres were produced at the same mixing intensity when the viscosity of the dispersed
phase was decreased. Increased continuous phase viscosity reduced the coalescence of the droplets and hence smaller
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microspheres were produced. The mean microsphere size was first found to decrease as the volume ratio of the
dispersed phase to the continuous phase increased but upon further increase, the mean microsphere size was found to
increase [99].

CONCLUSION

Micro and nanospherical formulations find their increasing role in drug delivery, storage and entrapment system in
the recent times. Many approaches have been devised for the preparation of the micro and nanospheres among which
solvent evaporation method is widely used due to its ease of formulation and process control. However, a thorough
knowledge of various process engineering factors such as effects of polymer type, weight, viscosity, hydrophilicity,
concentration, polymer ratio, stirring speed, emulsifier concentration, concentration of cross-linking agents, type of
solvent used for the formulation, rate of addition of the solvent efc. are of the essence in the design of a robust micro
and nanospherical system as these factors affect the yield, morphology, release and entrapment of the drug inside the
system.

ABBREVIATIONS
CAP = Cellulose Acetate Phthalate.
EC = Ethyl Cellulose.
HPCD = Hydroxylpropylcyclodextrin.
HPMC = Hydroxy Propyl Methyl Cellulose.
PLGA = Poly (lactic-co-glycolic acid).
SEM = Scanning Electron Microscope.
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