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In order to comply with the requirements of the Drugs and Cosmetics Act, 1940 and its
Rules, the Indian Pharmacopoeia Commission (IPC) publishes the Indian Pharma-
copoeia (IP) on behalf of the Ministry of Health & Family Welfare, Government of India.
IP is acknowledged as the official set of guidelines for medications produced and/or sold
in India. IP includes a number of reputable methods for analyzing and defining the
identity, purity, and potency of medications. To guarantee the quality of pharmaceuticals
in India, the regulatory bodies enforce the authoritative IP standards. The IP standards
are permissible under the law during quality control and in the event of a legal dispute.

IP's past

The East Indian Company's Dispensary committee recommended the publication of a
Pharmacopoeia in 1833, and the Bengal Pharmacopoeia and General Conspectus of
Medicinal Plants, which primarily listed the majority of widely used indigenous remedies,
was published in 1844. This marked the beginning of the IP's history. The British
Pharmacopoeia (BP) 1867 and Indian indigenous medications were covered by IP 1868,
which was followed by a supplement in 1869 that included the colloquial names of Indian
plants and medicines. Nonetheless, the BP was formally recognized in India in 1885. A
National Pharmacopoeia was suggested by a government-appointed drug inquiry
committee in 1927.

The primary purpose of the Indian Pharmacopoeia Committee, which was established
in 1948 upon independence, is to publish IP. The following are the editions of the Indian
Pharmacopoeia:

1955 saw the first edition of the Indian Pharmacopoeia, which was supplemented
in 1960.

Indian Pharmacopoeia, Second Edition, 1966, with a 1975 addition;
Third edition of Indian Pharmacopoeia 1985, with additions in 1989 and 1991;

The Fourth Edition of the Indian Pharmacopoeia (1996), its Addendum 2000, the
Veterinary Products Supplement 2000, Addendum 2002, and Addendum 2005;

The fifth edition of the Indian Pharmacopoeia 2007 was followed by the 2008
supplement.

The sixth edition of Indian Pharmacopoeia 2010 with a DVD and its 2012 addendum

The seventh edition of the Indian Pharmacopoeia 2014, which includes a DVD, as well
as its addenda from 2015 and 2016;
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The eighth edition of the Indian Pharmacopoeia 2018 with DVD
9th edition of the Indian Pharmacopoeia 2022
Pharmaceutical Packaging: Types, Influential Factors, Benefits, and Drawbacks

The art and technology of pharmaceutical packaging encloses and protects goods
while they are being used, sold, stored, and distributed. It covers the steps involved in
creating, assessing, and designing packages. Presentation, protection, identity,
information, convenience, compliance, integrity, and product stability are just a few of the
crucial roles that packaging plays in the pharmaceutical industry.

Pharmaceutical packaging's purposes include:
Product differentiation and identification are aided by packaging.

Packaging protects the product within from damage such as leaking, breakage, and
spoiling.

Customers should find it easy to open, handle, and use packaging.

Packaging draws customers' attention during the purchasing process and is utilized for
promotional purposes.

Affecting Pharmaceutical Packaging Factors:

Pharmaceutical packaging is influenced by a number of factors, including the
following:

Compatibility of dosage forms: For instance, using rubber-type packaging to contain
a medication ingredient that reacts to rubber could be hazardous.

Route or manner of administration: For instance, a large mouth is needed for cream,
while a narrow mouth is needed for eye drops.

Marketing area: For instance, the overall area of the product label needs additional room
if a marketing firm wishes to display an image presentation, which alters the packaging's
dimensions.

Costs and methods of sterilization: For instance, glass containers are needed for
packaging when heat sterilization is used.

Pharma packaging is also impacted by how a combination device or container is
dispensed.

Content Stability and Environmental Factor Protection: Packaging makes sure the
product stays stable and shielded from any elements that can degrade its quality. For
instance, keeping the drug in airtight containers to shield it from light, moisture, and air
could cause it to deteriorate.
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Content Reactivity with Packaging Material: Care should be taken while selecting
packaging materials to avoid any reactivity between the product and the material.

Acceptability of the Packaging to the User or Consumer: Blister packets, for
instance, are frequently used for individual dosages of medication and are simple for
users to use.

Regulatory, Legal, and Quality Concerns in the Packaging Process: Packaging
needs to comply with legal and regulatory regulations to satisfy safety standards and
give customers accurate and crucial information. To preserve packaging integrity over
the course of its shelf life, quality control test protocols must be adhered to.

Packaging testing types include:

Among the several forms of package testing are:

Collapsibility tests and drop tests

Tests for vibration

Tests of shock

rotating drum testing and inclined impact tests.

The ideal features for pharmaceutical packaging

Pharmaceutical packaging should have the following ideal qualities:
offering a high level of defense against pollutants in the environment.
proving chemical and physical compatibility with the product's substance.

enabling simple handling, storage, and transportation in accordance with client
preferences.

encouraging the use of sterilizing techniques and recycling involvement.
demonstrating durability and superior printing capabilities.

supplying affordable solutions.

Packaging Types: Three categories of pharmaceutical packaging exist: are

Primary Packaging: This offers the first line of defense and entails directly covering the
goods. Also referred to as consumer unit packaging, it is frequently meant for the final
user or consumer. Strips, blisters, bottles, and spray cans are a few examples.

By putting smaller products into a single pack, secondary packaging makes handling
them easier. It is used outside of primary packaging. Trays, plastic wrappers, and cartons
are a few examples.
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Tertiary packaging makes handling, storing, and shipping items easier when it comes
to bulk handling and shipping. It offers the last line of defense against product damage.
Here are some examples.

Packaging Material Types: Glass, plastic, metal, rubber, and paperboard are among
the materials used in pharmaceutical packaging.

Glass packaging: Glass has long been a common material for medicine packaging. It
is composed of cullet, limestone, soda ash, and sand. Sodium (Na), potassium (K),
calcium (Ca), magnesium (Mg), zinc (Zn), barium (Ba), silicon (Si), and aluminum (Al).

Benefits:

openness.

suited for sterilization and hygienic.

Not Reactive

It is capable of accepting multiple closures.

Good resistance to temperature and moisture for powder.
Colored glass is available for delicate materials.
Drawbacks:

So easily broken and fragile.

weight.

Hazard of alkali release from broken glass or product contamination.

Various glass container types: Type |, Type I, Type lll, and Type IV glass containers are
divided into groups according to their hydrolytic resistance.

Borosilicate glass, also known as Type | glass containers, are typically made of neutral,
borosilicate glass, which has a strong hydrolytic resistance and may be used to package
the majority of formulas.

Boric oxide is used to neutralize potassium and sodium oxides, hence eliminating
alkalinity.

The glass is quite durable.

It can tolerate high temperatures because of its high melting point.

Compared to the soda lime glass, it is more chemically inert.

It is resistant to all kinds of solvents, strong acids, and alkalis.

decreased leaching activity.

In the laboratory, these are utilized for both filling and watering injections.
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Type Il Glass Containers (Treated Soda Lime Glass): Soda lime glass is typically used
to treat these kinds of glasses. To get rid of alkali, these are de-alkalized or treated. The
majority of aqueous, neutral, and acidic formulations can be used with these glasses.
The procedure of de-alkalizing is called sulfur treatment. By neutralizing the alkaline
oxides on the surface, sulfur treatment increases the glass's resistance to chemicals.

Applications:

used for items that are sensitive to alkali.
plasma, infusion fluids, and blood.

big volume container.

Type Il and Type IV glass differ from one another based on their hydraulic resistance,
although having comparable compositions. Type lll is appropriate for non-aqueous
parenteral and non-parenteral goods and has resistance that is either average or
marginally better than average. Type |l glass containers are often dry sterilized prior to
filling. Hydraulic resistance is lowest in Type IV. It works well for filling semi-solids, solid
items, and some liquids. Parenteral products are not utilized with it.

Plastic container: Plastics are a class of materials, either manufactured or natural, that
are primarily made up of high molecular weight polymers that are pliable enough to be
molded or shaped by applying pressure and heat.

Benefits

economical substitute for glass.

Transporting is simple.

removes the possibility of breaking.
comparatively light to glass.

provides flexibility.

Plastic comes in a variety of sizes and shapes.

chemically inert, offering a variety of designs, strength, stiffness, safety, and excellent
quality.

highly resilient to breaking.

Drawbacks

Type-l glass is more chemically inert than this.

possible product seeping from the container.

potential for drug molecules or ions to sorb (absorb or adsorb) onto plastic materials.

could have an electric charge that draws particles to it.
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types of Plastics: Two types of plastics can be distinguished by how they react to
heating and chilling.

i) Thermoplastics

After being heated first, it can be formed, and after it cools, it solidifies.

When heated, they become a viscous fluid, and when cooled, they solidify once more.
economical to manufacture and resistant to breaking.

When the proper plastics are used, they offer the required product protection in
visually appealing containers.

Polystyrene, nylon, polyethylene terephthalate, polyvinyl chloride, polypropylene,
polycarbonate, acrylonitrile butadiene styrene, and polyethylene are a few examples.

ii) Heat-seating
need heat in order to be processed into a permanent shape.
When heated, they become pliable but not liquid.

When linear chains are heated, permanent crosslinks are created between them, which
causes solidification and reduces plastic flow.

Examples include epoxy resins, polyurethanes, phenol formaldehyde, urea
formaldehyde, and melamine formaldehyde.

Plastic Types

Polythene

Both low-density and high-density polyethylene are available.
LDPE, or low-density polyethylene:

Squeeze bottles' preferred plastic.

Properties include strength/toughness, flexibility, simplicity of sealing, ease of
processing, and moisture-repellent properties.

HDPE, or high-density polyethylene:

Reduced gas permeability and resistance to solvents, oils, and chemicals.
— Properties: chemical resistance, stiffness, and strength/toughness.

— Commonly seen in solid dose form bottles.

Cons: When surfactants or vegetable or mineral oils are present, polyethylene is more
likely to stress crack.

Polypropylene
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When flexed, it shows good resistance to cracking.
able to withstand heat sterilization.

Even at elevated temperatures, this colorless and odorless thermoplastic material has
exceptional tensile strength.

outstanding defense against strong alkalis and acids.
low water vapor permeability.

Between polyethylene HD and unplasticized PVC, there is an intermediate gas
permeability.

It can be used in 1.V, bulk-filling tablet containers, and closures. bottles.
Polystyrene

renowned for its adaptability, clarity, insulating qualities, and ease of foaming (e.g.,
"Styrofoam").

Jars of low-water-content ointments and lotions are also used with it.

Cons: Chemicals such as isopropyl myristate have the potential to weaken and
eventually collapse containers by causing crazing, which is a fine network of surface
fractures.

Polyvinyl Chloride

Polyvinyl chloride is strong and durable, resistant to oil and grease, easy to blend, clear,
and resistant to chemicals.

utilized as a primary component of intravenous bags and as a stiff packaging material.

Drawback: By adding elastomers to the material, the plastic's low impact resistance can
be improved. On the other hand, this alteration can lead to more permeability.

Container for Metals
Containers are often constructed from metal.

Lead, tin, stainless steel, aluminum, and tin-plated steel are among the metals used for
this.

Benefits

High material strength that can sustain aerosol containers' internal pressure.
Unbreakable.

Gases cannot pass through it.

offers an opaque barrier to light, which has benefits and drawbacks.
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Metals transmit heat very well; they do so around 100 times better than glass and 400
times better than plastic.

established production techniques.

malleability, which enables containers' flexibility and hardness to be customized.
Because of the material's strength in thin cross-sections, the final product is lightweight.
Options for exterior decoration (tinplate and aluminum can be heavily adorned).
Tamper-evident: a metal seal that has been broken cannot be undone.

lightweight in contrast to glass containers, which weigh more.

Gases, moisture, and light cannot pass through it.

Impact extrusion can be used to manufacture containers that are rigid and indestructible.
It is possible to print labels directly onto their surface.

Drawbacks

Possible contact with the product (the product needs to be insulated or coated to prevent
contact).

Liquid items have a limited shelf life.

Container weight in relation to glass (tinplate containers with a density more than eight
cannot compete with plastics; aluminum containers have a density of about 2.7 and can
compete effectively with plastics).

high production costs in small quantities (which, depending on container specs, may be
beneficial or detrimental).

Small-volume container production is challenging.
primarily appropriate for food items.

costly.

react with specific substances.

Metal tubes that can collapse

Collapsible metal tubes are aesthetically pleasing containers with features like quick re-
closure, controlled dosing, and sufficient product protection.

They are perfect for high-speed automatic filling processes, lightweight, and
indestructible.

Tin, aluminum, and lead are the metals most frequently used in collapsible tubes.
Tin
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preferred for products where purity is important, such as food and medications.
Of all the collapsible metal tubes, tin is the most chemically inert.

Aluminum

Because it is lightweight, it offers substantial product delivery cost reductions.
appealing in appearance.

Take the lead

The least expensive medications are those used for non-food items, such as adhesives,
paints, lubricants, and inks.

Because of the possibility of lead poisoning, it should never be used alone for anything
consumed internally.

Products like chloride toothpaste are filled into lead tubes that have interior linings.
Rubberized Seal

Elastomers—also referred to as rubber—are polymers that are used to make closures
for pharmaceutical packaging, including bottles of transfusion fluid, vials, and washers
for a variety of other items.

Butyl rubber, silicone rubber, natural rubber, and chlorobutyl rubber are frequently used
in pharmaceutical packaging.

Rubber butyl

Benefits

Water vapor can pass through it.

extremely poor absorption of water.

not as expensive as synthetic rubbers.

Drawbacks

gradual breakdown over 130°C.

inadequate ability to withstand solvents and oil.

Rubber Nitrile

Benefits: The polar nitrile group makes it resistant to oil. resistant to heat.
Significant bactericide absorption and extractive leaching are drawbacks.
Rubber made with chloroprene

Benefits: Resistant to oil. high stability of heat.

Rubber made of silicone:
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Benefits:

resistant to heat.

incredibly poor water permeability and absorption.
Outstanding aging properties.

Drawbacks

costly.

Size Reduction: Food ingredients in liquid form are reduced in size. Immiscible liquids
or solid liquids can be maintained in a dispersed state using a variety of methods. A
mixture of two liquid or solid-liquid components that are in a dispersed phase that is, well
mixed with one another but not chemically connected is called an emulsion. Emulsifying,
or emulsification, is the process that creates an emulsion. In the parts that follow, we will
go over the emulsification processes. The process of breaking down food ingredients to
create a stable emulsion is called homogenization. In this module, we'll go over the
homogenization process, the kinds of homogenizers used in the food industry, how it's
applied, and how it affects the finished product.

Size Separation: Using screening surfaces, a mixture of particles of different sizes is
separated into two or more parts in this unit operation. Other names for it include
screening, sifting, and sieving. Physical distinctions between particles, such as size,
shape, and density, are the foundation of this method.

Size separation is used to improve powder mixing, increase particle solubility and
stability throughout production, optimize feed rate, agitation, and screening during
production, control raw material quality, and determine particle size for the production of
tablets and capsules. Tablets, capsules, suspensions, emulsions, ophthalmic
preparations, ointments, lotions, and other products can all benefit from its use.

Official Powder Standards: The standards for pharmaceutical powders have been
established by the Indian Pharmacopoeia.

The IP. identifies the following five powder grades:

Coarse powder is defined as a powder in which less than 40.0% of the particles pass
through a sieve with a nominal mesh aperture of 355 ym (No. 44 sieve) and all of the
particles pass through a sieve with a nominal mesh aperture of 1.7 mm (No. 10 sieve).

A powder is considered moderately coarse if all of its particles pass through a sieve
with a nominal mesh aperture of 710 um (No. 22 sieve) and no more than 40.0% pass
through a sieve with a notional mesh aperture of 250 um (No. 60 sieve).

Medium-Fine Powder: A powder is considered to be in this category if all of its particles
pass through a sieve with a nominal mesh aperture of 355 ym (No. 44 sieve) and no
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more than 40.0% pass through a sieve with a nominal mesh aperture of 180 um (No. 85
sieve).

Fine Powder: It is referred to as fine powder when every particle passes through a filter
with a nominal mesh aperture of 180 um (No. 85 sieve).

Very Fine Powder: A powder is considered very fine if every particle can be passed
through a sieve (such as a No. 120 sieve) with a nominal mesh aperture of 125 pym.

Sieves: Sieves are made of square-mesh wire fabric that is woven from stainless steel,
brass, bronze, or any other appropriate material. The wires should not be plated or
coated and have a consistent circular cross-section. The material of the sieve and the
substance being removed from it shouldn't react in any way. The following requirements
must be met by standards for testing sieves:

Sieve number: The number of meshes in a 2.54 cm length in each transverse direction
parallel to the wires is indicated by the sieve number.

Nominal wire diameter: To provide an appropriate aperture size and enough strength
to prevent sieve deformation, wire mesh sieves are constructed from wire with the
designated diameter.

According to this standard, the area of the meshes is expressed as a percentage of
the sieve's overall area. The size of the wire utilized for each specific sieve number
determines this. To give the sieve the right strength, the sieving area is typically
maintained between 35 and 40 percent.

The 'aperture tolerance average' is the percentage representation of the inevitable
variance in aperture size.

Mechanism of Size Separation: Any of the following techniques underpin how
mechanical sieving machines operate. Centrifugal, brushing, and agitation

Methods of agitation: There are several techniques to agitate sieves, including:

Oscillation: The frame in which this sieve is mounted oscillates back and forth. The
material may roll on the sieve's surface, despite the method's simplicity.

Vibration: The sieve is rapidly vibrated by an electric instrument. The powdered material
is able to pass through the sieve thanks to the quick vibration that the particles on it get.

Gyration: This technique involves building a system in which the sieve is attached to an
eccentric flywheel and positioned on a rubber mount. This causes a tiny amplitude rotary
movement in the sieve, which helps the particles flow through the sieve by giving them
a spinning motion.
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Agitation techniques: These techniques are not continuous, but they can be made to
be so by tilting the sieve and giving the oversize and undersize particles their own
outputs.

Sieving Method: This technique uses the appropriate number of sieves to separate fine
powder from coarse powder. By passing the powdered material through a sieve, one can
determine the degree of fineness of a powder. To differentiate them from one another,
sieves are numbered.

Operation and construction: The powdered material is passed through a series of
sieves to separate its sizes. The arrangement of sieves is descending; that is, the largest
sieve is at the top and the smallest at the bottom. The receiving pan is connected to the
bottom sieve. The topmost sieve is where the material is put. Either electromagnetic
devices or mechanical sieve shakers are used to shake the sieves. It facilitates the
particles' passage via the sieves.

Benefits: low cost, simple to use

Cons: If the powder is not adequately dried, the sieve may clog. There may be attrition
during shaking.

Cyclone Separator: Solids and fluids are separated by centrifugal force in a cyclone
separator. In addition to particle size, particle density also affects separation. Therefore,
the cyclone separator can be used to separate all kinds of particles or to remove only
coarse particles while allowing fine particles to pass through with the fluid, depending on
the fluid velocity.

Construction: It is made out of a conical base and a cylindrical vessel. A tangential
intake and fluid outflow are installed in the vessel's upper section, while a solid outlet is
installed at the base.

Working: To create circular movement inside the vessel, a solid suspended in a gas—
typically air—is supplied tangentially at a very high velocity. At the top, a central exit is
used to drain the fluid. Centrifugal force acts on the particles as a result of the cyclone
separator's rotatory flow. After being flung out to the walls, the solids descend to the
conical base and exit out the solids outlet.

Uses: To separate a solid suspension in a gas (air), cyclone separators are employed.
Solids in liquid solutions can be employed with it.

A cyclone separator and an air separator operate on the same concept. However, in
this instance, a revolving disc and blades are used to create air flow. Stationary blades
are utilized to enhance the separation. The size at which separation takes place can be
changed by adjusting these blades and the rotational speed.
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Construction: It is made out of a conical base and a cylindrical vessel. A feed entrance
is installed in the upper portion of the separator, while two outlets one for light particles
and one for heavy particles are located at the base. To create air flow, the center shaft
is connected to the revolving disc and blades.

Operation: the feed inlet receives the sample powder, which then falls onto the revolving
disk. The same shaft holds the revolving blades. The arrows indicate that this create an
air current. When the air velocity is sufficiently lowered in space, the fine particles are
captured and transported there. After being dropped, the tiny particles are eventually
gathered at a fine particle output. At a heavy particle exit, the heavy particles that fall
downward are eliminated.

Applications: To separate and return large particles for additional size reduction, an air
separator is frequently fitted to a ball mill or hammer mill.

Elutriation Method: The low density of tiny particles and the high density of coarse
particles serve as the foundation for powder size separation. Following levigation, the
coarse and fine powder particles are separated using an elutriating tank.

Working: A considerable amount of water is combined with the dry powder or paste
created by the levigation process, which is stored in an elutriating tank. After swirling to
evenly disperse the solid particles throughout the liquid, the mixture is left to settle. Solid
particles will either settle down or stay suspended in water, depending on their density.
Through the outlets, the sample is extracted at various heights. After drying, the powder
with different size fractions is gathered. These days, the particles are suspended in a
flowing fluid, usually air or water, throughout the elutriation process. The device is made
up of a vertical column with an overflow for fluid and fine materials near the top, an inlet
for suspension near the bottom, and an outflow for coarse particles at the base. A single
separation into two fractions can be obtained from a single column. Several tubes with
increasing cross-sectional areas can be connected in sequence if more than one fraction
is needed. As the area of the cross-section grows, the fluid's velocity slows in subsequent
tubes, producing a variety of fractions. After separation, these fractions are dried.

Benefits: The procedure is ongoing. The same number of tubes with various cross-
sectional areas can be connected, depending on the number of fractions needed. When
compared to alternative separation techniques, the separation is rapid. Compared to
sedimentation procedures, the apparatus is more compact.

Cons: In some situations, it may not be desirable to dilute the suspension of solid
particles.

Bag Filter: Two phases are involved in achieving the size separation of fine dust from
the milled powder. The first step involves passing the milled powder through a bag filter,
which is made of cloth, by using suction on the opposite side of the feed entrance.
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The second stage involves shaking the bags with pressure to gather powder that has
adhered to them from the conical base construction.

It is composed of several bags composed of wool or cotton cloth. In a container made
of sheet metal, these are suspended. To return the filter to standard air conditions, a bell
crank lever arrangement is designed.

Operation: Stepl-Feed is passed through the cotton bags to remove air from it.
Step II: To gather the penalties that have stuck to the bags, the bags are shaken.

A bell crank lever mechanism is used to manage these two steps, which are
sequential, at various intervals.

Filtering Period: The bags are kept under lower pressure than ambient pressure by the
exhaust fan at the top. The dusty or fine-particle-containing gas enters the hopper and
ascends. The bag's fabric allows the gas input to flow through it. The gas reaches the
top of the casing during this procedure, but the particles are kept in the bags. The bag
stays taut during the filtration process due to air.

Shaking Period: Outside air enters the casing and travels through the bags because
the chamber's vacuum is cut off. Dust and other tiny particles are displaced and fall into
the conical base as a result of the bags being violently shaken.

Applications: Bag filters are used in conjunction with cyclone separators and other size
separation devices. At the discharge end, they are attached to the fluidized energy mill.

Brushing Techniques: To keep the meshes clear and move the particles on the sieve's
surface, a brush is utilized in this instance. In a horizontal cylindrical sieve, the spiral
brush rotates on the longitudinal axis, whereas in a circular sieve, the brush rotates in
the center.

Centrifugal Techniques: In this technique, a vertical cylindrical sieve is fixed with a
high-speed rotor. Centrifugal force propels the particles outward as the rotor turns. The
powder is sieved with the aid of the air current created by the rotor's high speed.

Nominal Aperture Size: The distance between the wires is indicated by the aperture's
nominal size. It indicates how long the square aperture's side is. The IP. has specified in
millimeters or centimeters the nominal mesh aperture size for most sieves.

Emulsification is the process of severely mixing, swirling, and beating two immiscible
liquids or solid liquids to disperse one into the other. Water and oil are examples of
immiscible liquids that we typically find in the food system. A common example of a
water-and-oil emulsion is milk. One liquid is in the continuous phase and the other is in
the dispersed phase of an emulsion. The continuous phase of an emulsion mostly
determines its nature. Emulsions are divided into two sorts according to their stages.
There are two types of emulsions: water in oil (W-O) and oil in water (O-W).
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Emulsification Mechanism: When creating food products, a lot of emulsions are made
by mixing two or more liquids that are incompatible with one another. In order to choose
the best emulsification technique, it is necessary to know the droplet size of the
immiscible components and the concentration of ingredients in the raw material in order
to characterize the food emulsion in terms of its physicochemical and sensory qualities.
The stability of an emulsion is caused by a variety of factors. They are

The strain between the two phases' interface,

size of the droplets in the dispersed phase,

the continuous phase's viscosity characteristics, and
The disparity in density between the two stages

kind and amount of emulsifying substances

The shape of the droplets determines the stability of an emulsion; an irregularly
shaped droplet has a higher affinity to coalesce and more surface area to interact with
the other droplet. A spherical droplet, on the other hand, reduces the surface area.
Laplace pressure (A), which operates across the oil-water interface toward the center of
the droplet so that the inside droplet pressure is higher than the outside pressure, is a
characteristic of the interfacial forces that give the droplet its spherical shape.

where D is the droplet diameter and vy is the interfacial tension between water and oil.
According to the equation, as the droplet diameter decreases and the Laplace pressure
or interfacial tension between the two phases increases, so does the pressure needed
to break up a particle. Therefore, a lower interfacial tension can stabilize an emulsion.
The way the scattered particles deform is largely determined by the viscosity of the
continuous phase. The shearing action applied to the droplet increases with the viscosity
of the continuous phase. A figure known as the Weber number describes the relationship
between shear stress and interfacial tension.

reduced density differences, reduced interfacial tension, and higher viscosity of the
continuous phase collectively characterize the stability of the emulsion. The Weber
number can be used to determine the necessary disruption force.

Emulsifiers: Most emulsions are unable to maintain a stable form and eventually
separate from one another due to the dispersed droplets' tendency to consolidate. An
emulsifier is the addition of a third material that stabilizes the emulsion. By encasing the
droplet in a protective layer, emulsifiers lessen the interfacial tension between the
droplets and contribute to the creation of a wide surface area of the dispersed phase.
The bi-polar nature of an emulsifier explains its properties, namely. groupings that are
polar and non-polar. By preventing the two phases from combining, the polar
(hydrophilic) group orients towards the water phase and the non-polar (lypophilic) groups
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orient towards the oil phase. The most widely used emulsifiers include glycerol
monostearate, lecithin, and phosphate.

Mixing is a process that tends to cause different particles in a system to become
randomly distributed. The words "mix" and "blend" refer to combining into one mass and
blending, respectively, while transferring the least amount of energy to the bed. « In the
pharmaceutical sector, the terms "mixing" and "blending" are sometimes used
interchangeably.

Mixing is categorized as A. Solids B mixing. Blending liquids C. Immiscible liquids
mixing D. Combining semisolids

A. Mixing of solids: Several additives are typically added when making tablets or
granules. Consequently, combining powder becomes a crucial step in the procedure. °
Mixing is seen as a crucial step, particularly when it comes to strong medications and
low-dose medications that have a lot of adjuvants added. ¢ Solid mixing is influenced by
a variety of particle properties, including size, shape, volume, surface area, density,
porosity, and flow charge. « Solids are classified as cohesive or non-cohesive based on
their flow characteristics.

B. The movement of a significant amount of a material inside a system from one place
to another is known as the mixing of fluids mechanism. They use paddles and blades
that rotate. « Turbulent mixing: This type of high-efficiency mixing is caused by turbulent
flow, which causes the fluid velocity to fluctuate randomly at any location in the system.
At a specific location, fluid velocity varies in three directions (X, Y, and Z). « Laminar
mixing: When two dissimilar liquids are mixed by laminar flow, the contact between them
is stretched by applied shear. Ideal for liquids that need to be mixed moderately. *
Molecular diffusion: When molecules diffuse as a result of thermal motion, mixing occurs
at the molecular level.

C. Mixing of Immiscible Liquids: Mainly employed in emulsion manufacturing, the
apparatus used to prepare an emulsion is called an emulsifier, or homogenizer because
it produces a fine emulsion. Two steps are taken to prepare the fine emulsion.
Wedgewood, a mechanical blender, a hand homogenizer, a porcelain mortar and pestle,
a milk shake mixer, or a propeller in a baffled tank are some of the methods used to
prepare coarse emulsion in the first step. Occasionally, the aforementioned equipment
produces fine emulsion immediately. If not, a Silverson emulsifier, a colloidal mill, and a
Rapisonic homogenizer are used in the second stage to homogenize the coarse
emulsion and produce a fine emulsion.

D. Mixing semisolids: Ointments, pastes, creams, jellies, and other semisolid dosage
forms must be introduced to the agitator or the agitator must move the material
throughout the mixer in order to mix them.
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» Low speed shearing, smearing, wiping, folding, stretching, and compressing are all
combined in the mixing action.

* Moving parts apply a significant amount of mechanical energy to the material. A
portion of the energy that is delivered can occasionally manifest as heat.

» Both power consumption and the pressures needed for effective mixing are high. As
a result, the equipment needs to be strong and built to withstand these forces.

» Certain semisolids have dilatant characteristics, meaning that when shear rates rise,
so does their viscosity. As a result, mixing needs to be done more slowly.

» The speed needs to be adjusted for plastic, pseudo-plastic, and thixotropic materials.

Homogenization: The two phases oil and water are used to prepare many food
systems. A food system is created by combining vitamins, colorants, surfactants, and
other ingredients in the food's aqueous phase. Similarly, the oil phase is combined with
proteins, polysaccharides, carbohydrates, salts, etc. Homogenization is the process of
combining distinct water and oil phases to create a stable emulsion. The homogenizer is
the mechanical tool used to make the emulsion. Based on the type of beginning material,
homogenization is essentially divided into primary and secondary homogenization. The
method is known as primary homogenization if the emulsion is created straight from the
two distinct liquids. One example of primary homogenization is the process of making
salad dressing by combining oil and aqueous phase. Secondary homogenization is the
process of further reducing the droplet size of the dispersed phase in an already-existing
emulsion. To create a stable emulsion, the size of the fat globules in raw milk is
decreased to less than 1 um. An illustration of secondary homogenization is this.
Secondary homogenization is typically used in food processing operations to create a
stable emulsion by combining the distinct water and oil phases into a coarse emulsion
and then further reducing the droplet size.

When there is little contact space between the two distinct phases of water and oil,
they are typically in a thermodynamically stable state. Oil forms the top layer because its
density is lower than that of the aqueous phase. The liquids are shaken vigorously to
cause the oil phase to disrupt and mix with the water phase, creating an emulsion.
Continuously moving and combining with other droplets, the oil droplets create larger
droplets. The bigger droplets rise and create a distinct layer as this process goes on.
Consequently, the emulsion returns to its initial state. The system is stable because oil
is hydrophobic.

The fat globule travels through a tiny slit whose diameter is slightly more than the fat
globule's. This is the mechanism of homogenization. Due to high pressure and tiny slit,
a shear force is created, which acts in the opposite direction of the flow. Eventually, the
globule's surface breaks into droplets after becoming wavy. Although the method of
homogenization has been extensively studied, the precise mechanism remains
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unknown. Cavitation and microturbulence are the two most widely recognized methods
of homogenization.

Turbulence: Turbulence happens when a fluid's flow rate beyond a crucial threshold.
Turbulence, which is characterized by abrupt and chaotic changes in fluid velocity,
produces small eddies. The resulting eddies' high shear and pressure gradient causes
the oil droplets to be disrupted. The viscosity of the liquid and the flow velocity determine
the eddy's size. The shear and pressure gradient increases with decreasing eddy size.
Larger eddies are therefore thought to be less effective than smaller ones. However,
because the majority energy is lost through viscous losses rather than droplet
disintegration, even small eddies are similarly ineffectual. The Weber number for
isotropic turbulent circumstances. The equation, where C' is a constant that relies on the
system's characteristic dimensions, can be used to determine the largest droplet size
that can endure during homogenization under isotropic turbulent conditions. According
to this equation, when the power density, interfacial tension, or density of the continuous
phase rise, the size of the droplets created in turbulent conditions decreases. Although
there is no direct correlation between viscosity and droplet size, the largest droplet size
that can withstand homogenization pressure can be achieved if the density ratio is
between 0.1 and 5.

Cavitation: A sharp change in pressure can cause the phenomenon known as
cavitation. These types of pressure variations are frequently observed in high-pressure
and ultrasonic homogenizers. When the pressure pushing on the fluid rises, it
compresses; when the pressure falls, it expands. A cavity is created when the
instantaneous pressure drops below a certain threshold. The hollow enlarges as the fluid
expands as a result of reduced pressure. The surrounding liquid moves into it,
evaporates, and becomes thermodynamically unstable. Shock waves are produced
when the cavity abruptly collapses during a subsequent compression. As the shock
waves spread throughout the liquid, nearby droplets break up and disintegrate. The
phenomenon is localized and happens instantly, preventing any physical harm to the
homogenizer even when high pressure and temperature are present close to the cavity.
The type of fluid and the amount of air in it determine its cavitation pressure. The
cavitational threshold is the name given to this pressure. The frequency of pressure
fluctuations during homogenization determines the cavitational threshold.

High-Speed Blender: High-speed blenders are the most widely used homogenizing
equipment in the food industry. A high-speed motor within a vessel rotates a shaft to
power the blender. The shaft typically rotates between 20 and 2000 rpm. The fluid is
moved longitudinally, rotationally, and radially by the blades on the shaft, which breaks
up the two-phase droplets. The efficiency of homogenization is improved by the
longitudinal velocity profile. Baffles can be positioned on the vessel walls to accomplish
this. To accommodate the wide range of product profiles, many blade designs are
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available. Low-viscosity or intermediate items can be homogenized with high-speed
blenders. As the homogenization duration increases, the droplet size reduces until it hits
a critical minimum diameter, beyond which no more reduction occurs. The type and
concentration of the ingredients employed determine the critical droplet size that can be
produced in a high-speed blender. High-speed blenders typically create droplets with
diameters ranging from 2 to 10 um. Out of all the accessible homogenization devices,
this one has one of the lowest energy densities.

Colloid Mill: Food ingredients with medium to high viscosities can be homogenized
using a colloid mill. In essence, when the premixed emulsion is fed into the colloid mill,
it produces more effective outcomes. Stated differently, secondary homogenization
takes place in colloid mills. The mill receives the coarse emulsion created by a high-
speed blender and passes it through the small space between the rotor (spinning disc)
and stator (still disc). The larger droplets break up into smaller ones as a result of the
rotor's spinning creating shear stress in the space between the discs. By altering the
distance between the discs (50 to 1000 pym), the amount of tension generated can be
changed. The rotor's rotating speed typically ranges from 1000 to 20,000 rpm, and the
droplet size that is attained typically falls between 1 and 5 ym. By keeping the emulsion
in the gap for a longer amount of time, finer droplets can be produced. This can be
accomplished by either decreasing the emulsion's flow rate or repeatedly avoiding the
emulsion's passage through the mill. But doing so raises the cost of manufacturing. To
lower the device's temperature brought on by viscous dissipation energy losses, a
cooling system should be included.

High-Pressure Valve Homogenizer: These devices work well for homogenizing small
droplets in premixed emulsion. Milk is the most frequently homogenized food in this
homogenizer. It has a valve and seat with a small space between them, as the name
implies. In its forward stroke, a piston pump pushes to the small space between the valve
and seat after sucking the liquid in its backstroke. The droplets experience high shear,
cavitational, and turbulent conditions as they pass through the gap, which causes the
coarse droplets to fragment into several small droplets. The design of the valve may
differ for various items. Because the valves are spring-loaded, it is possible to adjust the
distance between the valve and seat, which is normally between 15 and 300 pym. Fine
droplets are created when the gap is reduced because this causes the pressure drop
across the valve to rise. But concurrently, the amount of energy needed for inputs rises.
A linear curve is produced when we plot the pressure against droplet size. Industrial
homogenizers typically have a throughput of 100—-20,000 I/h and a pressure fluctuation
of 3-20,000 MPa. Some commercial homogenizers employ a "two-stage" method in
which the product passes through two valves arranged in sequence, depending on the
finished product's application. Since breaking the clumps created after the first
homogenization requires the least amount of energy, the pressure applied to the first
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valve is greater than the pressure applied to the second valve. This technique can
produce droplets that are extremely small typically less than 1 um. Although they can
create a wide range of food items, high-pressure homogenizers work best with products
that have low to moderate viscosities.

Ultrasonic Homogenizer: Recently developed, ultrasonic homogenizers create an
emulsion by using ultrasound. High-intensity ultrasonic waves are created, and because
of the cavitational effect, they cause strong shear and pressure gradients inside the
product, which break apart the droplets. Two popular techniques for creating ultrasonic
waves are liquid jet generators and piezoelectric transducers. Commonly employed with
laboratory homogenizers, piezoelectric transducers are perfect for making small
amounts of emulsion. A piezoelectric crystal housed in a protective metal case that taper
at the end makes up the transducer. The transducer receives a high-intensity
piezoelectric pulse, which causes it to oscillate rapidly and produce an ultrasonic wave.
The transducer's tip receives the ultrasonic wave, which then radiates into the
surrounding liquid. Because of the cavitational effect, it creates strong pressure and
shear gradients that break the liquid up into tiny droplets and mix them together.

The blade vibrates quickly and produces ultrasonic waves when a stream of fluid is
pressed onto its sharp edge. High shear, cavitation, and turbulence break up the droplets
in the immediate area. An ultrasonic homogenizer has the advantage of being more
energy efficient than a high-pressure valve homogenizer and producing continuous
emulsion. The intensity, duration, and frequency of the ultrasonic waves all affect this
homogenizer's efficiency. As the frequency is raised, the homogenization frequency falls.
The frequency range used by the majority of commercial devices is 20-50 kHz. By
increasing the ultrasonic radiation's strength or duration, the droplet size can be
decreased.

Microfluidizer: By permitting the phases to accelerate rapidly and then impinging them
on a surface, emulsions made from distinct phases with extremely tiny droplet sizes act
as a microfluidizer. After interacting with one another, the impinged droplets created a
stable emulsion. By letting the emulsion pass through the microfluidizer several times, a
very fine consistency can be achieved.

Membrane homogenizer: A membrane with a specific pore size forces the dispersed
phase into the continuous phase. The membrane's pore size and the interfacial tension
between the two phases determine the droplet's size. The membrane must be robust
enough to endure high pressure, and it can be produced with different pore diameters.
Either a continuous process or a batch operation can use the membrane technology.
The dispersed liquid is pushed through a cylindrical membrane that is dipped in a
continuous phase and stored in a vessel in the batch process. The continuous phase
technique involves forcing the scattered phase into the continuous phase through tiny
tubes as the continuous phase travels through a cylindrical membrane. The ability to
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generate a limited range of droplet size distribution is the membrane homogenizer's main
benefit. Since there is no energy lost due to viscous losses, the energy efficiency is great.

Efficiency of Homogenization: The efficiency of homogenization is determined by
contrasting the least theoretical energy needed to make an emulsion with the actual
energy needed. Because a large pressure gradient, at least as large as the Laplace
pressure gradient (=2?/?2), is needed to break up tiny droplets, the effectiveness of
homogenization is less than 1%. Therefore, the most energy-inefficient equipment are
homogenizers. However, lowering the pressure gradient (which can be achieved by
lowering the interfacial tension) or minimizing viscous dissipation can increase efficiency.

Factors influencing droplet size: In homogenization, the primary factors influencing
droplet size are:

Homogenizer type: Modifications to the homogenizer valve's design alter some factors,
such as power and density, which are directly related to the induced stress for droplet
disruption.

Homogenizing pressure: We conclude that there is a positive correlation between the
power density and the homogenization pressure. Thus, a higher homogenization
pressure results in a smaller droplet size. However, once the droplet reaches a particular
size, increasing the homogenization pressure does not cause it to shrink any more.

Stages of homogenization: The first stage of homogenization is primarily responsible
for the droplets' decreased size. The size reduction is least affected by the second stage,
homogenization. It only eliminates the clumping of fat, which is a typical fat propensity
observed following first-stage homogenization.

Dispersed phase and surfactants: The size of droplet production is significantly
influenced by the proportion of dispersed phase. Surface area increases with the amount
of dispersed phase present. Therefore, enough surfactant is needed to create a new
droplet membrane.

Type of surfactant: Different types of surfactants produce varying interfacial tensions,
which in turn cause varying droplet sizes. For instance, tiny globules are produced by
low effective interfacial tension caused by low molecular weight surfactants such as
sodium dodecyl sulphate or Tween-20.

Temperature: The fat should be liquid prior to homogenization. Since crystalline fat
decreases homogenization efficiency, homogenization is carried out at roughly 50
degrees Celsius.

Proper homogenizer operation: Air inclusion, worn homogenizing valves, and
pressure fluctuations all have a negative impact on the development of droplet sizes.
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Evaporation is a unit process that uses heat transfer through boiling or vaporization
to separate a liquid from a solid. Concentrating a mixture of a nonvolatile solute (solids)
and a solvent (liquid), usually water, is the aim of evaporation. The solute is concentrated
into a more viscous liquid product by partially evaporating the solvent. The production of
liquid concentrates through evaporation is a common practice in the food processing,
chemical, kraft paper, and pharmaceutical sectors.

The following fundamental elements influence the rate of evaporation:
the speed at which heat may enter a liquid,

amount of heat needed for every kilogram of water to evaporate,

the liquid's maximum permitted temperature,

the pressure at which evaporation occurs,

alterations that could take place in the meal during the evaporation process
procedure.

Evaporation produces a concentrated liquid rather than a solid, which is how it varies
from dehydration and drying. If the liquid concentrate goes through a drying process like
spray drying, evaporation can be used as the first stage in creating a dried product. For
the production of powdered goods, such powdered milk, evaporation and spray drying
are frequently combined. Because high-efficiency evaporation is far less expensive than
drying and other water removal techniques, this combination of procedures is appealing
from an economic standpoint. Additionally, compared to other concentration techniques,
evaporation yields a higher concentration of solids.

Evaporation is different from distillation in that the desirable product is usually the
concentrated solution rather than the condensed evaporate. The evaporation of solutions
with a high mineral content is a typical exception, in which the concentrated brine is
disposed of and the vapour condenses as the product. Although the process is more like
a thermally driven liquid-solids separation operation, it is generally called water
distillation. The process of evaporation can be done continuously or in batches. The
heating portion and the vapour/liquid separation section are the two parts of every
evaporator. The heating section may be outside the vessel that contains the vapour/liquid
separation portion, or these sections may be contained within a single vessel (body).

Usually, evaporator bodies are run under vacuum to lower the boiling point (e.g.,
85°C). A vacuum is frequently produced using mechanical vacuum pumps or steam
ejectors. A single pump or a set of pumps may be employed, depending on the amount
of vacuum needed for the final result, which has the lowest boiling temperature. Non-
condensable gases that come from air leaking into the evaporator body or from dissolved
gases in the feed are also eliminated using vacuum systems. The final evaporator effect
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is achieved by condensing the vapor using a direct or indirect water-cooled condenser,
which is a feature of most evaporation systems. The system's vacuum rises as a result.
Because the vapours produced are completely condensed inside the evaporator's
heating section, evaporators that employ mechanical vapour recompression (MVR) do
not require an external condenser.

When it comes to evaporators, important practical issues are:
maximum permitted temperature, which could be far lower than 100°C.

encouragement of liquid circulation across the heat transfer surfaces in order to avoid
local overheating and achieve a respectably high heat transfer coefficient, fluid's
viscosity, which frequently rises significantly as the dissolved material concentration
rises, propensity to froth, which makes it challenging to separate liquid from vapor.

Single Effect Evaporator: The heat exchanger, the evaporating section (where the
liquid boils and evaporates), and the separator (where the vapour exits the liquid and
travels to the condenser or other equipment) comprise the standard evaporator's three
functioning portions. All three portions are housed in a single vertical cylinder in many
evaporators. The evaporating liquors rise through pipes that run through a steam heating
section in the middle of the cylinder. There are baffles at the top of the cylinder that let
the vapors out while keeping any liquid droplets that could be present from the liquid
surface. An illustration of this kind of evaporator, often known as a standard evaporator.

Vacuum Evaporation: It could be essential to lower the temperature of boiling by
working under lower pressure in order to evaporate liquids that are negatively impacted
by high temperatures. the connection between water's boiling temperature and vapour
pressure. The liquid boils when its vapour pressure equals the pressure of its
surroundings. Mechanical or steam jet ejector vacuum pumps, typically in conjunction
with condensers for the evaporator's vapours, provide the lower pressures needed to
boil the liquor at lower temperatures. Compared to steam jet ejectors, mechanical
vacuum pumps are typically more costly to operate but more costly to purchase. The
condensed liquid can be released through a tall barometric column, where a static liquid
column balances the atmospheric pressure, or it can be pushed out of the system. The
non-condensable, which must still be released into the atmosphere while having a
substantially smaller volume, is then left to vacuum pumps.

Heat Transfer in Evaporators: Convection and conduction equations, as well as the
equations for heat transfer to boiling liquids, regulate heat transfer in evaporators.
Condensing steam is often the source of heat that must be supplied at an appropriate
temperature. Evaporation in another evaporator or straight from a boiler are the two
possible sources of the steam. Because local high temperatures must be avoided and
electricity is expensive, there are significant arguments against other heating methods
such direct fire or electric resistance heaters. Hot water may be used in some situations
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where the condensing steam temperatures are too high for the product. Although it can
also be employed, low-pressure steam presents design challenges due to its enormous
volumes.

Distillation is a method of separation that uses the fact that some substances vaporize
more easily than others to separate components in a mixture. The components of the
original mixture are present in the vapors that are created from it, but in proportions that
are dictated by the relative volatilities of those components. A separation happens as a
result of the vapour's higher concentration of certain components, such as those that are
more volatile. Fractional distillation involves condensing the vapor and then re-
evaporating it after a subsequent separation. Preparing pure components in this manner
is challenging and occasionally impossible, but if the volatilities are sufficiently varied, a
degree of separation can be easily achieved. Several distillations may be utilized when
extreme purity is needed. Distillation is mostly used in the food sector to concentrate
flavors, alcoholic beverages, and essential oils as well as to deodorize fats and oils.

The relative vapour pressures of the mixture's constituent parts, or their volatility in
relation to one another, control the equilibrium relationships in distillation. It is convenient
to display the equilibrium curves for two-component vapour-liquid mixtures as either
vapour/liquid concentration distribution curves or boiling temperature/concentration
curves. The concentration distribution curves, which are similar to the equilibrium curves
used in extraction, may be easily derived from the boiling temperature/concentration
curves, and both forms share the same data.

One of the earliest techniques for food preservation is drying. Long before history was
written, primitive tribes used the sun to dry fish and meat. Food drying is still a significant
preservation technique in use today. Foods that have been dried can be kept for
extended periods of time without becoming bad. The main causes of this are that without
enough water, the microorganisms that cause food to deteriorate and rot cannot
proliferate. Without water, many of the enzymes that encourage undesirable alterations
in the food's chemical makeup cannot work. Drying is mostly done for preservation,
however it can also happen in tandem with other processing methods. For instance,
when bread is baked, heat causes gasses to expand, alters the structure of the protein
and starch, and dries the loaf.

Moisture losses can also happen when they're not wanted, such when cheese cures,
when fresh or frozen meat is stored, or when many other moist food items are kept in
the air. Foods that have been dried have had their water content removed. The latent
heat of vaporization must be provided in order to vaporize the water present in the food,
which is the most common method of drying.

The unit operation of drying involves two key process-controlling factors: (a) heat
transfer to supply the required latent heat of vaporization, and (b) water or water vapor
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moving through the food material and then away from it to effect water separation from
food.

There are three types of drying procedures: air drying, contact drying, and
atmospheric pressure drying. Heat is delivered from heated surfaces or warm air to the
food during air and touch drying. The air is used to eliminate the water vapor. drying by
vacuum. The benefit of vacuum drying is that water evaporation happens more easily at
lower pressures than at higher ones. In vacuum drying, heat is typically transferred by
conduction, however radiation is occasionally used as well.

dried by freezing. Water vapor is sublimated from frozen food during the freeze-drying
process. In these conditions, the food structure is better preserved. To guarantee that
sublimation takes place, the dryer's pressure and temperature must be set appropriately.

There are three possible states for pure water: solid, liquid, and vapor. The
temperature and pressure conditions determine the state it is in at any given time. This
can be shown on a phase diagram; if we select any temperature and pressure condition
and locate the corresponding point on the diagram, it will typically lie in one of the three
designated regions solid, liquid, or gas. This will provide the water's condition under the
selected circumstances. Two states may coexist under specific circumstances, which
are only present along the diagram's lines. One circumstance, represented by point O
on the diagram, allows all three states to coexist. This situation is known as the triple
point. It happens at 0.64 kPa (4.8 mm of mercury) and 0.0098°C for water. Any state of
water will experience a change in state when heat is supplied at constant pressure. The
temperature will rise and the condition will migrate horizontally across the diagram when
it crosses the boundaries. To condition A' on the figure, for instance, adding heat first
warms the ice, then melts it, then warms the water, and lastly causes the water to
evaporate. When heat is applied to condition B, which is below the triple point, the ice
heats and then sublimates without going through any liquid states. Only in the
circumstances along the line OP can liquid and vapor coexist in equilibrium. The vapour
pressure/temperature line is the name of this line. The tendency of molecules to escape
from a liquid as a gas is measured by the vapour pressure. The water vapour
pressure/temperature curve, which is only an enlarged version of the OP curve. When
the water's vapour pressure equals the entire pressure on its surface, boiling takes place.
Naturally, 100°C is the boiling point at atmospheric pressure. Water boils at temperatures
above or below 100°C at pressures higher or lower than atmospheric.

Heat Transfer in Drying: The heat energy needed for the drying process has been the
subject of our discussion. The rates at which heat energy may be transmitted to the water
or ice to supply the latent heat are typically what define the drying rates. The pace of
mass transfer, or the evacuation of the water, can be limiting in certain situations, though.
Drying may use any one of the three heat transfer mechanisms: conduction, radiation,
and convection. Different drying processes have different relative relevance for the
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various mechanisms, and frequently, one method of heat transmission dominates to the
point where it controls the entire process.

Dryer Efficiencies: Since energy consumption accounts for a significant portion of
drying expenses, energy efficiency in drying is obviously important. In essence, it is a
straightforward ratio of the energy actually used to the least amount required. However,
due to the intricate interactions between the food, water, and drying medium—which is
frequently air a variety of efficiency metrics can be developed, each of which is suitable
for the specific situation and can thus be chosen to highlight unique aspects that are
significant in that process. Efficiency calculations are helpful when evaluating a dryer's
performance, searching for ways to improve it, and comparing several dryer classes that
could be suitable for a given drying activity.

Filtration is a unit process that uses mechanical or gravity force applied through a
porous membrane to separate insoluble materials from a solid-liquid mixture. A layer
known as the "filter cake" is created when the solids are held in the porous medium.
Filtrate is the term for the liquid that flows through a porous material devoid of any solid
particles. The term "filter medium" refers to the porous medium. Either cake or filtrate
can be the desired phase. The filtrate, which is the necessary phase in fruit juice filtration,
is the clear juice. Either mechanical or gravitational forces may be the primary cause of
the two phases' separation. The filtrate flows through the medium by creating pressure
upstream or a vacuum downstream.

The pressure differential is often what propels filtering. Filtrate passes through the
medium with the least amount of resistance at the start of the filtration process. The ratio
of filtrate volume to filtration time, or the rate of filtration, is initially high. However, the
layer of cake deposition upstream steadily grows as the filtration process goes on. As a
result, the filtrate should now not only flow through the medium but also through the cake
layer. As a result, the pressure drop across the medium is constant and gets more with
time. The filtration essentially ends after a while. There are two methods for the filtration
process. The filtration process can be followed at a steady flow rate or at a steady
pressure drop. The rate of filtration steadily drops if constant pressure is used. If the latter
option is chosen, a steady flow rate must be maintained by gradually increasing the
pressure. The two stages that the filtrate goes through determine the pressure decrease.
These are the filter medium and filter cake. Thus, the cake's specific surface area,
porosity, and medium properties all affect the pressure drop.

Filtrate can flow via the microscopic channels created by the pore spaces in the cake
that forms upstream. Cake serves as a packed bed as a result. We can use Poiseuille's
equation to express the filtrate flow inside the cake, assuming it is in the laminar area.
Filter medium resistance is the resistance that the medium provides to the filtrate flow.
The filtrate must flow through the medium in the same way that it does through the cake.
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Filter medium and aid: The filter medium's criteria are
I. It should provide a clean filtrate by effectively removing the suspended solids;
II. When filtering, there shouldn't be any pore blockage.
lll. Cake should be simple to wash off the medium and
IV. It should be chemically inactive to the suspension and strong enough.

Woolen cloth, glass cloth, paper, metal cloth, nylon cloth, and felted cellulose pads
are a few examples of filter media that are used in industry. Very tiny particles are
separated using the ragged fibers found in natural materials. Chemicals called filter aids
are used to make cakes more porous. The main component of these is silica gel.
Cellulose, asbestos, and other inert porous materials are utilized occasionally. The filter
aids can be applied as a pre-coat by covering the medium with a layer of these materials
or mixed with the solution prior to filtering. The filtration procedure, where the cake is
thrown away, is where the aid's use is limited.

Centrifugal filter: In essence, a centrifugal filter is a basket with a perforated wall that
is turned by a centrally located shaft. The filtering media is wrapped around the inner
wall. The slurry is pushed toward the direction of the wall when the basket is turned. As
a result, the filtrate exits the perforated wall and is gathered in an outer basket. The
centrifugal force exerted on the slurry and suspended solids determines the filtering rate.
Centrifugal separation is mostly used in food processing to separate sugar crystals from
the mother liquid. The cost of operation is lower than with a plate and frame filter press
because no pump is needed.

Extraction: Using a liquid to perform a separation procedure is frequently practical. The
two streams are separated once the liquid has been well combined with the solids or
another liquid from which the component is to be extracted. When it comes to solids,
simple gravity settling is typically used to separate the two streams. In certain cases,
such as when coffee is extracted from coffee beans using water, the product needed is
the solution in the introduced liquid. In other situations, the product used to wash butter
might be the cleaned solid. When an undesirable component is eliminated from a stream
of water, the phrase "washing" is typically employed. When soluble sucrose is extracted
from sugar cane or beet using water, extraction is another crucial step in the sugar
business.

Liquid streams, like water and oil, must be immiscible in order to be separated. When
both streams in the extraction process are liquid, the process is referred to as liquid-
liquid extraction. In the edible oil sector, for instance, oil is derived from natural items like
peanuts, soy beans, rapeseeds, sunflower seeds, and so forth. Fatty acid extraction is
another application for liquid-liquid extraction. The solid matrix may prevent diffusion
during extraction from a solid, hence regulating the extraction rate.



28 A Comprehensive Handbook for Pharmacist Grade-1I Recruitment Exam

Stage-equilibrium Extraction: Determining the equilibrium and operating conditions is
essential to the analysis of an extraction operation. Generally speaking, the equilibrium
conditions are straightforward. It is anticipated that when a solute is extracted from a
solid matrix, all of the solute will dissolve in the liquid in a single step, effectively achieving
the desired separation. Since some solution is maintained with the solid matrix and
contains solute, it is not feasible to separate all of the liquid from the solid at that point.
The solute content in the retained solution must then be gradually decreased by stage
contacts while the solid holds onto the solution. For instance, when hexane or other
hydrocarbon solvents are used to extract oil from soy bean seeds, the solid bean matrix
may settle and retain at least its own weight of the solution. As a result, a significant
amount of the oil may be present in this preserved solution. Because the oil content in
the exterior solution, which is separable, is the same as that in the solution that still
contains the seed matrix, the equilibrium requirements are straightforward.

The process of eliminating all microbes from an object's surface is known as
sterilization. It comes in both vegetative and spore forms. Let's take a quick look at the
meaning and categorization of sterilisation notes. The total elimination of all germs, both
spore and vegetative, from a surface or object is known as sterilization. Several physical
and chemical techniques are used to achieve sterilization, including the removal of about
106 log colony-forming units.

The purpose of sterilization is to prevent the growth of microorganisms that could
develop on an object's surface if the germs are not killed. However, it differs from
sanitization or disinfection, which just reduces the bacteria rather than completely
eradicates them. An item becomes aseptic or sterile after being sterilized.

In microbiology, sterilization is accomplished using a variety of physical and chemical
techniques. Physical and chemical sterilization are the two categories into which
sterilization falls.

The following techniques are included in physical sterilisation:

Heat Sterilization: The most efficient sterilization technique, heat sterilisation destroys
cell components and enzymes to eradicate microorganisms. There are two ways to do
it:

One of the most effective sterilization techniques is moist heat sterilisation. An
apparatus known as an autoclave is used to perform moist heat sterilization. The basic
idea behind an autoclave is the production of steam under pressure. Thus, steam
sterilisation is another name for moist heat sterilisation. An autoclave is used to boil the
water at 121-134°C and 15 psi of pressure. As a result, the microorganism's proteins
coagulate and are essentially destroyed.
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Objects that are susceptible to moisture are sterilized using the dry heat approach.
When dry heat or moisture-free heat is applied to an object's surface, proteins are
denaturated and lysed, causing oxidative damage and, eventually, the death or even
burning of the microbial cell. Incinerators, hot air ovens, and flame processes are a few
examples of dry heat sterilization technologies.

In microbiology, filtration is a mechanical sterilization technique. The liquid is filtered
out using membrane filters with tiny pores, allowing only larger particles and
microorganisms to pass through. Filtration involves three steps: sieving, adsorption, and

trapping.
The process of subjecting surfaces or items to various forms of radiation in order to
sterilize them is known as irradiation. There are two kinds of it:

Non-ionizing Radiation: When ultraviolet light strikes an object, it is absorbed by the
microorganisms' nucleic acids. The bacterium eventually perishes as a result of the
replicative mistake brought on by the creation of pyrimidine dimers in the DNA strand.

lonizing Radiation: Reactive oxygen species, such as hydrogen peroxide and
superoxide ions, are created when microbes are exposed to ionizing radiations like
gamma and X-rays. These ions oxidize the microbes' biological components, causing
them to perish.

Sound Waves Vibration: The fluid to be sterilized is exposed to Sonix sound waves
with a frequency of 20—40 kHz. Cavities are created in the solution by the alternating
compressive and tensile forces caused by these ultrasonic waves. Submicroscopic voids
are created when these cavities abruptly collapse, clearing the container of microbes.

Fractional Sterilization: This technique, also known as tyndallization, is applied to
media that contain sugar or gelatin. Usually, three consecutive days of exposure to
100°C for 20 minutes are needed. The idea is that all spores and vegetative bacteria are
eliminated at the initial encounter. They will be destroyed in the ensuing exposures if
they sprout. The spores of some thermophiles and anaerobes, however, might not be
eliminated by this technique.

Chemical sterilization Techniques: In microbiology, chemical sterilization techniques
are employed to disinfect plastic equipment and biological material. A number of
substances function as bactericidal agents in this process. They may be liquid or
gaseous.

Using a confined, heated, and pressurized chamber to expose an object to gas is
known as gaseous sterilization. Nitrogen dioxide, formaldehyde, ozone, and ethylene
oxide are among the gaseous chemical agents utilized for sterilization.

Submerging an object in a liquid that eliminates all living germs and their spores is
known as liquid sterilization. This technique, which is used to eliminate low levels of
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contamination, is less efficient than gaseous sterilization. Hydrogen peroxide,
glutaraldehyde, and hypochlorite solution are common liquid chemical agents used for
sterilization.

Cold sterilization is a method of sterilization that uses radiation, chemicals, filters, and
all other methods aside from high temperatures at low temperatures. It is applied to
goods that need to be sterilized but contain heat-sensitive chemicals.

Incompatibilities: These can be classified as physical (physical and chemical),
chemical, or pharmacological in accordance with the type of changes that may occur
when combining the constituents in spontaneous compositions. Following the
preparation of medications that contain incompatible combinations, a patient may
experience a variety of consequences, varying in severity: a diminished therapeutic
effect, an inability to achieve a therapeutic effect, a strengthened side effect, or even a
potentially fatal outcome. When two or more drugs that are antagonists in nature are
prescribed or mixed, an unwanted product is created that could compromise the
preparation's safety, function, or appearance.

Pharmaceutical incompatibilities are interactions that happen before taking
medication, whereas pharmacological interactions are interactions that happen after
taking medication. Depending on the kind of changes that take place when a combination
of medicinal medicines is used, pharmaceutical incompatibilities are classified as either
physical or chemical.

Physical incompatibilities include the following: adsorption of medicinal substances;
coagulation of colloidal solutions; solutions of high molecular compounds and emulsions;
humidification and loss of wateriness in powders; insolubility of medicinal substances;
and immiscibility of ingredients.

The visual indicators of reactions precipitate formation, color, odor, and gas release
changes that take place without outward manifestations, and the type of reaction-
oxidation reduction, exchange, hydrolysis, substitution, decomposition, and
neutralization are used to categorize chemical incompatibilities.

When the physical state of therapeutic drugs changes, it is referred to as a physical
incompatibility. They may be accompanied by chemical processes (coagulation,
evaporation of powders due to the neutralization reaction), or they may occur without
any outward signs and only show up as a diminution in the therapeutic effect
(adsorption).

When the precipitate contains dangerous or highly effective chemicals, or when the
precipitate or coarse suspension adheres to the walls, making exact dosing difficult, the
insolubility of the medical drugs is deemed incompatible. A pharmaceutical solution must
be made since the precipitate can be readily reconstituted and dispensed if it is not toxic.
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Combining substances with different consistency, such as hydrophobic and
hydrophilic liquids, results in immiscibility. occurs as suppositories, tablets, ointments,
and liquids.

Concentrated electrolyte solutions, heavy metal salts, acids, alkalis, alcohol, and
syrups can cause coagulation of colloidal solutions, high molecular compound solutions,
and emulsions. Temperature fluctuations can also cause the protective colloid emulsifier
in emulsions to coagulate. By dissolving a coagulant in water beforehand, adding a
coagulant in little amounts and stirring them carefully, or releasing a coagulant in a dose
form, the coagulation can be slowed down.

Combining zinc oxide and salicylic acid while making gels on methylcellulose with
resorcinol and iodine, as well as sodium carboxymethylcellulose with heavy metal salts,
results in a change in the consistency of the medication. The dispersion of chemicals
changes as a result of these processes. Changing the type of dosage form or choosing
a different component is one way to get rid of this incompatibility.

The adsorption of water vapor from the air or the separation of crystallization water
can dampen powders. Pure sodium chloride, for instance, is not hygroscopic and
evaporates rapidly if it contains a little amount of calcium or magnesium salts. Physical
incompatibility turns into physicochemical or chemical incompatibility when particles are
dampened, causing an interaction between the acidic and alkaline components
(neutralization and oxidation processes).

A mixture that is eutectic is one that is saturated with both components and has a
lower melting point than the original components. This causes the combination to crack
and loosen or to form thick, moist liquids. menthol, thymol, camphor, bromcamphor,
antipyrin, chloral hydrate, phenyl salicylate, and resorcinol to readily produce eutectic
combinations. In order to acquire dental drops, for instance, eutectic can be prepared if
the doctor provides its formation.

The concentration of a material on the surface of a solid (adsorbent) is known as
adsorption of therapeutic drugs. It results in a reduction of free surface energy and is
caused by the molecular forces on the adsorbent's surface. It can happen in tablets,
powders, and suspensions. It releases non-toxic precipitates in combinations that have
the ability to adsorb medications on their surface. When the mixture comprises strong,
effective, or deadly compounds, this can be dangerous. Adsorbents include scattered
materials including talc, calcium carbonate, aluminum hydroxide, activated carbon, and
others that are insoluble and not absorbed in the gastrointestinal tract.

Incompatibilities that are accompanied by erratic chemical reactions of prescription
medications are known as chemical incompatibilities. Chemical reactions result in the
formation of dangerous or inactive compounds. The physical and chemical
characteristics of the compounds, the kind of dosage form, and the pH of the dispersion
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medium all influence the type of interaction that occurs between them. Temperature and
dosage form type affect the rate of reaction (thermal sterilisation greatly speeds up the
reaction, making compatible combinations of chemicals incompatible). Because
precipitates are deadly or highly effective compounds, the formation of a precipitate
results in an erroneous dosage, which is harmful. Consequently, it is not possible to
supply such medications.

Alkaline reactants, barbiturates, sulfanilamide salts, heavy metal salts, iodine solution
with potassium iodide, and tannins all influence the precipitation of alkaloids and
nitrogen. Alkaloids' hard-soluble salts fall in the precipitate. One exception is that when
mixed with tannins, they do not precipitate quinine hydrochloride, morphine
hydrochloride, or codeine.

When mixed with tannins, alkaloidal salts, halogens, and heavy metal salts, cardiac
glycoside precipitation happens. Cardiac glycosides are extremely vulnerable to
oxidants, acids, and alkalis. They undergo partial or total hydrolytic cleavage, which
results in the inactivation of glycosides and the generation of toxic precipitates.

When hard metal compounds combine with tannins, cardiac glycosides, halogen
compounds, alkaloids, nitrogenous bases, sodium salts of derivatives of barbituric acid,
and medications containing sulfanilamide, they precipitate. Exchange reactions between
heavy metal salts can result in the formation of precipitates.

Acids, alkalis, certain alcohols, and heavy metal salts can all cause antibiotics to
precipitate. Nevertheless, mineral acids cause the antibiotic to hydrolyze more deeply,
while weak organic acids like ascorbic and salicylic turn penicillin into inert penicillinic
acid. Alkaline compounds generate physiologically inactive salts of penicillinic acid that
lack antibiotic action and disclose the lactam ring of penicillin. By cleaving the thiazolidine
ring, salts of heavy metals (such as lead, mercury, etc.) render penicillin inactive. They
also combine with antibiotics to generate poorly soluble compounds.

Gas detection, color, and odor changes all point to profound chemical changes in the
constituents and a decline in therapeutic efficacy. Reactions involving the displacement
of weak acids and alkalis by stronger ones, recovery reactions, and similar processes
allow for the observation of the stated manifestations.

Nitrite, thiosulfate, and carbonate are weak acids that can emit gasses and salts.
These salts react with stronger acids to generate carbon, sulfur dioxide, or nitrogen
oxides, respectively. Phenols are oxidized and destroyed by hydrogen peroxide when
alkalis are present. Alkalis can cause ammonia salts to release gaseous compounds.
The breakdown of chloral hydrate into chloroform, which is detected by the smell, can be
seen in an alkaline media.
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Chemical interactions can result in changes without obvious symptoms, such as the
creation of poisonous or inactive chemicals. When cardiac glycosides and acids are
present, hydrolysis is seen. To a lesser degree, cardiac glycosides are hydrolyzed by
nourishing substances. Antibiotics are neutralized when the pH is raised or lowered.
Streptomycin sulfate is hence more stable in aqueous solutions at pH 3-7 and readily
inactivated in an alkaline environment. It is readily oxidized and deposited with alkaloid
dyes and reagents. Substances having substantial oxidation and renewable
characteristics undergo redox reactions. Ointments, powders, suppositories, and pills
are less likely to exhibit oxidation-reduction reactions than liquid dosage forms.

A combination of chemicals known as pharmacological incompatibilities can
sometimes result in a reduction or elimination of the therapeutic effect, while in other
situations it may enhance toxicity or cause unfavorable side effects. Antagonism and
synergism are two ways that pharmacological action presents itself.

Three categories of incompatibility can be distinguished:
1) physical or pharmaceutical incompatibility;
2) chemical incompatibility; and

3) therapeutic incompatibility, which includes both physical and chemical incompatibility.
Physicochemical incompatibility is what we can call it.

The interaction of two or more substances that results in changes to their color, odor,
taste, viscosity, and morphology is known as physical incompatibility. A noticeable bodily
alteration occurs. A product that is unsatisfactory, uneven, and unappealing is created.
Accurate dosage measurement is challenging. It can be rectified by using
pharmaceutical expertise.

Physical incompatibility symptoms include: Liquification of solids mixed in a dry
condition; immiscibility of two or more liquids; and insolubility of the prescribed agent in
the vehicle.

1. Insolubility: The following elements may make the recommended agent less soluble
in the vehicle and impact its solubility: 1. pH 2 shift. Third Milling. Surfactant 4.
Chemical reaction 5. Formation of complex 6. Co-solvent

Benzalkonium chloride and sodium lauryl sulfate are two examples of insoluble
substances.

2. When flavoring compounds like orange oil, lemon oil, or their alcoholic solution are
introduced to an aqueous preparation, they may not mix thoroughly and cause
droplets of the oils to float on the water's surface. This is an example of incomplete
mixing. The result is a cloudy and turbid solution.
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3. Liquification of Solids Mixed in a Dry State: This is the process by which two solid
materials combine to become liquid. When mixed, some solids with low melting points
liquefy because eutectic mixtures are created. When combined, they create a mushy
mass, which could compromise the preparation's physical integrity. For instance,
when two substances are combined, menthol, thymol, and aspirin create eutectic
mixtures.

A reaction between two or more chemicals that alters the chemical makeup of the
pharmacological dosage form is known as chemical incompatibility. « Chemical change
types: 1. Oxidation 2. 3. Hydrolysis. Polymerization 4. 5. Isomerization. Decarboxylation
6. Carbon Dioxide 7 Absorption. Mixture 8. Insoluble complex formation There are two
types of chemical incompatibility: 1. 2. Adjusted and Tolerable

Physico-Chemical Incompatibility Consequences These are visible to the unaided
eye. Turbidity, precipitation, crystallization or crystal growth, aggregation, solidification,
discoloration, thickening, and changes in color, taste, and odor are some of the effects
that can occur.

Unintentional pharmacodynamic or pharmacokinetic interactions that take place in
vivo following the administration of pharmaceutical medicines are known as therapeutic
incompatibilities. Mono amino-oxidase inhibitors, for instance, are incompatible with
medications that include amino acids.

Causes include the delivery of an overdose or an incorrect dosage of a single
medication. The dosage form is incorrect. The medication is contraindicated. Drugs that
are antagonistic and synergistic.

Different Types of medication Interaction: Pharmacodynamic and pharmacokinetic
interactions are the two basic categories of medication interactions. Additional
interactions include those between the drug and the excipient, the drug and food, the
excipient and packaging, and the drug and medication.

Pharmacodynamic Interactions: When two medications are taken at the same time
and have similar or opposing pharmacological effects or side effects, the circumstances
in one medication are changed by the other. There are two kinds of these: 1. direct
interactions in pharmacodynamics. 2. indirect interactions in pharmacodynamics.

The term "pharmacokinetic interaction" refers to situations in which one drug modifies
the adsorption, distribution, metabolism, and excretion of another drug, changing the
latter's plasma concentration. Pharmacokinetic and pharmacodynamic interactions differ
in a few ways.

The classification for pharmacokinetic interactions is

1. interactions of absorption,
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2. interactions of distribution,
3. interactions with metabolism, and
4. interactions with excretion.

When one drug interacts or interferes with another, this is known as a drug-drug
interaction. This may result in unforeseen adverse effects or change how one or both
medications behave in the body. A new effect may be formed, or the action may be
antagonistic (when the drug's effect is diminished) or synergistic (when the drug's effect
is boosted). One example of this is when paracetamol is combined with codeine to
enhance its analgesic effects. or the use of amoxicillin and clavulanic acid together to
combat bacterial resistance to the antibiotic.

The API interacts with the excipient components to produce drug-excipient
interactions. For instance, when magnesium stearate is present, some amine
medications (like paracetamol) react with lactose (a diluent) to create a dark substance.
The tablets may discolor as a result, and their integrity may be compromised.

Excipient-Excipient Interaction: This kind of interaction takes place in a drug molecule
between two or more excipients. For instance, calcium/magnesium CMC is created when
electrolytes like Ca++ or Mg++ ions are properly added to a suspension of sodium
carboxymethyl cellulose (Na CMC). As a result, the suspending agent will be destroyed
and unable to function.

When the components in a medication we are taking are impacted by the food we eat,
the medication may not function as intended. This is known as a drug-food interaction.
For instance: 1. Salt substitutes, which often substitute potassium for sodium, should be
used with caution by consumers taking digoxin for heart failure or ACE inhibitors for high
blood pressure. 2. Vitamin K-dependent coagulation factors are interfered with by blood-
thinning medications including Coumadin® (warfarin). Consuming excessive amounts of
vitamin K-rich green leafy vegetables can reduce blood thinners' capacity to stop clotting.

There may be an ex-packaging interaction in certain pharmaceutical formulations due
to interactions between the excipient and packaging material. For instance, soda-lime
glass, which is used to make many commercial glass items like containers, contains a
significant amount of sodium ions in its internal structure. Alkali leaching occurs when
sodium, an alkali element, is selectively removed from the surface.

Lobelin and Morphine: Lobelin stimulates the respiratory centers while morphine
depresses them; strychnine and chloral hydrate: strychnine stimulates the nervous
system's motor division while chloral hydrate paralyzes and suppresses it; K+ and Ca++
ions used as soluble salts: K+ ions inhibit cardiac activity, slow down the kidneys'
allocation of glucose, and stimulate smooth muscle, while Ca++ ions, on the other hand,
increase cardiac activity, increase glucose secretion, relax smooth muscle, etc.
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We should disclose to our doctor everything we take, including over-the-counter
medications, prescription drugs, vitamins, and herbal supplements, in order to avoid drug
interactions. It is important that we carefully read the consumer information page that
comes with our medicines. When reading the labels of over-the-counter medications, we
should pay particular attention to the "Warnings" section. Asking our pharmacist if there
are any possible drug interactions with prescriptions is a good idea before purchasing
any new over-the-counter medications, vitamins, or herbal supplements.

When medications have antagonistic effects in some situations and synergistic ones
in others, this is known as sinergic antagonism, or partial antagonism. When
streptomycin and ascorbic acid are used to treat acute pneumonia, for instance, the
toxicity of the antibiotic is greatly decreased, and the dynamics of X-ray, laboratory, and
clinical parameters are enhanced. Combining antituberculosis medications with the
pyridine-containing vitamins pyridoxine and nicotinic acid yields similar outcomes.

Pharmacists' responsibilities and methods for resolving prescription incompatibilities:
A medication that has the potential to undergo physical or chemical alterations cannot
be distributed. A pharmacist should take all necessary precautions to avoid or minimize
ingredient incompatibility when making medications. A pharmacist must continuously
research reference materials and manufacturer data on drug characteristics to forecast
the likelihood of interactions in order to provide a qualitative answer to this inquiry.

Medicine incompatibility cannot be resolved universally. Knowing the physical and
chemical characteristics of the constituents allows a pharmacist to identify solutions in
each situation. Using the following methods, for instance:

It is advised to dry crystalline hydrates in order to eliminate crystalline water while
making powders. When preparing dosage forms, fractional mixing is advised to minimize
contact between the constituents. For the adsorption of moisture in mixes where the
components can interact chemically, supplementary compounds, or moisture regulators,
are advised. The compatibility of the substances is taken into consideration while
choosing the type and quantity of the regulator through experimentation.

The following techniques can also be used to get around incompatibilities, but they
must be approved by the physician who wrote the prescription. changing the solvent and
substituting the medication. The substitution of potassium bromide for sodium bromide,
codeine for codeine phosphate, sodium caffeine benzoate for caffeine, sodium
tetraborate for boric acid, and euphylline for theophylline is reasonable. It is feasible to
substitute the solvent entirely or partially if the specified solvents are insoluble in the
medicinal compounds. The dose form is changed.

Camphor combined with phenyl salicylate or chloral hydrate does not work well with
powders, but it works well with pills and dental drops in liquid form. separation of one
of the medication's ingredients. It is forbidden to release toxic, narcotic, and potent
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medical ingredients from the medication's formulation when using this procedure. When
alkaloids, enzymes, antibiotics, glycosides, or other medications are mixed with
adsorbents, it is also advised to isolate one of the prescription's ingredients. Another
filler, such as sugar or sodium bicarbonate, is employed if a form-forming ingredient must
be added. You need to receive a new prescription from a doctor in each of the last three
situations.

Pharmaceutical Calculations: This field of study uses fundamental mathematical
concepts to the safe and efficient manufacture and administration of medications. To
fully comprehend the several kinds of computations involved in administering dose
forms, a pharmacist needs possess a solid understanding of weights and measurements.
As a result, there are many different and extensive applications of calculations in
pharmacy. Pharmacists do calculations in both conventional and specialized practice
contexts. Pharmacists perform calculations to meet quality standards regardless of the
size of the pharmaceutical product's production. Accurate dose administration is made
possible by the creation of numerous dosage forms and medication delivery systems
with precisely measured, determined, validated, and labeled amounts of components.

Calculations are used in pharmacy in a wide range of contexts. It includes
computations made by pharmacists in both conventional and specialized practice
contexts, as well as in operational and research domains in government, business, and
academia. Statistical data from basic research and clinical drug studies; pharmaceutical
product development and formulation; prescriptions and medication orders, including
drug dosage, dosage regimens, and patient compliance; pharmacoeconomics; biological
activity and rates of drug absorption, bodily distribution, metabolism, and excretion
(pharmacokinetics); and various other areas are all included in the broad scope of
pharmaceutical calculations.

Pharmacists do calculations to meet quality standards whether a pharmaceutical
product is manufactured in a community or institutional pharmacy or generated in an
industrial setting. There is a scale difference. Relatively little medication is produced and
dispensed for individual patients in pharmacies. Large-scale production in the business
is made to satisfy the needs of pharmacies and their clients both domestically and even
abroad. In a single production cycle, the latter may entail producing hundreds of
thousands or even millions of dosage units of a particular drug product. Accurate dosage
administration is made possible by the manufacture of the various dosage forms and
drug delivery systems (described in Appendix C), which comprise precisely measured,
calculated, validated, and labeled quantities of components.

Foundations of Pharmaceutical Calculations: The field of study that applies
fundamental mathematical concepts to the safe and efficient manufacture and
administration of medications is known as pharmaceutical calculations. What needs to
be studied is how mathematics is applied. The pharmacist should be well-versed in the
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weights and measures used in calculations in order to fully comprehend the different
kinds of calculations involved in dispensing.

There are two weight and measure systems.

(1) The System of Empires

(2) The International System or Metric System

The Imperial System is an antiquated weight and measure system.

Imperial System Weight Measurement: Weight is a direct percentage of mass and
represents the gravitational force exerted on a body. To measure weight, the imperial
system is separated into two sections. These are

(@) The System of Avoirdupois
(@) The System of Apothecaries

(@) Avoirdupois System: All measurements are based on the Imperial Standard
Pound (Lb), which is the standard unit of measurement in this system.

1 pound is equal to 16 ounces (avoir).
One pound is equivalent to 7000 grains.
1 ounce is equal to 437.5 grains.

(b) The Troy system is another name for the apothecaries' system. In this system, the
grain serves as the standard unit from which all other units are derived.

20 grain equals one scruple.

One drachm is 60 grains.

480 grains equals one ounce.

One ounce is equal to eight drachms.
Twelve ounces equals one pound.
5760 grain equals one pound.

Imperial System Capacity Measurement: The Avoirdupois and Apothecaries systems
use the same standard units for capacity. All other measurements of capacity are based
on the standard unit, the "gallon."

Fifty-six fluid ounces per gallon
One quart is equal to one gallon.
One pint is equal to one eighth gallon.

One fluid ounce is equal to 1/160 gallon.
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One fluid drachm is equal to 1/8 fluid ounce.
1 minim = 1/60 fluid drachm

Fourty fluid ounces is one quart.

Twenty fluid ounces per pint

A fluid ounce is equal to 480 minims.

60 minims is equal to 1 fluid drachm.

Metric System (or International System): The internationally accepted decimal system
of weights and measures is the International System of Units (Sl), formerly known as the
metric system. In the latter part of the eighteenth century, this system was developed in
France. The United States Pharmacopeia—National Formulary, the official compendia,
the pharmaceutical research and manufacturing sector, and pharmacy practice all now
use the Sl system. The decimal system's simplicity, the Sl's base units and prefixes'
clarity, and the convenience of scientific and professional interactions through the use of
a standardized and globally recognized system of weights and measures are some of
the reasons for the switch. The meter and the kilogram are the Sl's fundamental units.
There is a definitive or primary unit in every Sl table. The meter is the fundamental
measure of length, the liter is the basic unit of volume, and the gram is the primary unit
of weight (though the kilogram is technically the historic base unit).

Length Measurement: The meter serves as the Sl's main unit of length.
1000.000 meters is equal to one kilometer (km).

100,000 meters is equal to one hectometer (hm).

10,000 meters is one decameter (dam).

0.100 meters is equal to one decimeter (dm).

0.010 meters is equal to one centimeter (cm).

0.001 m = 1 millimeter (mm)

0.000,001 meters is equal to one micrometer (um).

0.000,000,001 meters is equal to one nanometer (nm).

Measure of Volume: The main measure of volume is the liter. It stands for one tenth of
a meter, or one dm3, the volume of a cube.

1000.000 liters is equal to one kiloliter (kl).
One hectoliter (hl) is equal to 100,000 liters.
10,000 liters is one decaliter (da).

One liter (1) is equal to one thousand liters.
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A deciliter (dl) is equal to 0.100 liters.
0.010 liters is equal to 1 centiliter (cl).
0.001 liter is equal to 1 milliliter (ml).
0.000001 liters is equal to 1 microliter (ul).

Weight Measurement: The gram, which is the weight of one centiliter of water at 40
degrees Celsius, the temperature at which water has the highest density, is the main unit
of weight in the SI.

1000.000 grams is equal to one kilogram (kg).

One hectogram (hg) is equal to 100,000 grams.

One decagram (dag) is equal to 10,000 grams.

1 gram is equal to 1,000 grams.

0.1000 grams is equal to 1 decigram (dg).

0.010 grams is equal to 1 centigram (cg).

0.001 gram is equal to 1 milligram (mg).

One microgram (mcg or ug) is equal to 0.000,001 grams.
One nanogram (ng) is equal to 0.000, 000,001 grams.
The system's relationship to other measurement systems
A Few Helpful Equivalents

Length Equivalents

A single inch is equivalent to 2.54 cm.

One meter (M) is equal to 39.37 in

Volume Equivalents

One fluid ounce (fl.oz.) is equal to 29.57 milliliters.
One pint (16 fluid ounces) equals 473 milliliters

32 fl. oz. (1 quart) = 946 ml

One gallon (128 fl. 0z.) in US equals 3785 ml.

One gallon in the UK: 4545 milliliters

Weight Equivalents

454 g is equal to 1 pound (Ib, Avoirdupois).

One kilogram (kg) is equal to 2.2 pounds [1].
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Table of Conversions for Domestic Measures:
One drop is 0.06 milliliters.

Five milliliters is one teaspoonful.

10ml = 1 desert tablespoon

15 ml (1 tablespoonful)

60 ml is one wineglassful.

120 ml is one teacupful.

One full tumbler (240 ml)

Ratio, Proportion, Variation Ratio: The ratio of two quantities is the relative magnitude
of those two quantities. With the exception of how it is displayed, a ratio is similar to a
common fraction since it compares the relative values of two numbers. A ratio is
expressed as 1:2 and is not interpreted as "one half," but rather as "one is to two," in
contrast to a fraction, which is presented as, for instance, 12.

Proportion: The equality of two ratios is expressed as a proportion. There are three
common formats in which it might be written:

ab=c:d
a:b:c:d
a/b =c/d

These phrases are read as follows: an is to b as c is to d, and a and d are referred to
as the extremes (or "outer members"), while b and c are referred to as the means (or
"middle members").

Specific Volume Density, Specific Gravity, and Density: Density (d) is a substance's
mass per unit volume. The standard unit of measurement is grams per cubic centimeter
(g/cc). The density of water is 1 g/cc since the gram is defined as the mass of 1 cc of
water at 40C. By dividing mass by volume, density can be computed as follows:

Density is equal to mass.
The volume

The weight of one substance divided by the weight of an equivalent volume of a
standard substance, both substances at the same temperature or with their respective
temperatures known, is known as specific gravity (sp gr), and it is stated decimally. By
dividing a substance's weight by the weight of an equivalent volume of water, one can
get specific gravity, which is as follows:

Specific gravity equals the substance's weight.
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Weight of water with the same volume

Density vs. Specific Gravity: While specific gravity is an abstract number (1.8 in the
example), which is a ratio of related quantities, density is a concrete number (1.8 g/ml).
Specific gravity has no dimension and is a constant value for every substance (when
measured under controlled conditions), although density varies depending on the units
of measure used. Therefore, water's specific gravity is always 1, even though its density
can be stated in a variety of ways, such as 1 gm/ml, 1000 gm/I, or 6212 Ib/cu ft.

Ratio Strength, Percentage, and Other Concentration Expressions

Percentage: 50% (or 50%) and a percentage of 50 are identical expressions because
the terms "percent" and its symbol (%) signify "by the hundred" or "in a hundred," and
"percentage" means "rate per hundred." Another way to express a percentage is as a
ratio, which can be shown as a common or decimal fraction. 50%, for instance, can be
written as 507100 or 0.50 and denotes 50 components in 100 of the same kind. Percent
is just another fraction that is used so often and is so known that its denominator is left
undefined while its numerator is expressed.

Percentage Preparations: The US Pharmacopeia defines the percentage
concentrations of active and inert ingredients in different kinds of pharmaceutical
preparations as follows:

Regardless of whether water or another liquid is the solvent or vehicle, weight-in-
volume (W/V) is a percentage that indicates how many grams of a constituent are
present in 100 milliliters of solution or liquid preparation. stated as a percentage of W/V.

The number of milliliters of a constituent in 100 milliliters of solution or liquid
preparation is expressed as a percentage, or volume-in-volume, or V/V. in the form of %
VIV.

The number of grams of a constituent in 100 g of solution or preparation is expressed
as the percentage weight-in-weight (W/W). In the form of % W/W.

Pharmaceutical Dosage Form Examples:
The percentage
EXAMPLES OF APPLICABLE DOSAGE FORMS ON A BASIS

Ophthalmic, nasal, otic, topical, and large-volume parenteral weight-in-volume solutions
and lotions

Volume-in-Volume Topical treatments, emulsions, and aromatic waters

Weight-in-weight gels, ointments, and creams
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Temperature Measurement: Either a Fahrenheit or a Centigrade thermometer is
typically used in pharmacies to measure temperature. 9C = 5°F-160 is the connection
between degrees Celsius (C) and Fahrenheit (F).

Dosage Calculation:

General Considerations Dose: A drug's dose is the amount that is given or consumed
by a patient in order to achieve the intended therapeutic effect. The dosage can be stated
as a daily dose, a single dose, or a total dose, which is the amount taken over the course
of treatment. Depending on the drug's properties and the ailment, a daily dosage may
be split up and taken in divided doses two or more times a day. The term "dosage
regimen" refers to the dosing schedule (e.g., four times a day for 10 days).

Alligation Method: The alligation method is employed when a computation calls for
combining two comparable preparations with varying strengths to create a preparation
with an intermediate strength. It is advised to use this procedure to verify the
computations.

Proof Spirit: "Over Proof (OP)" and "Under Proof (UP)" are terms used to describe the
strength of alcoholic concoctions. The mixture of alcohol and water that weights 12/13th
of an equivalent volume of water at 51°F is known as proof spirit. In India, 100 liters of
proof spirit are equivalent to 57.1 volumes of ethyl alcohol. As a result, any alcoholic
solution with 57.5% V/V alcohol is considered a proof spirit, or 100 proof. Therefore,
overproof (OP) denotes a strength that is greater than proof strength, and underproof
(UP) denotes a strength that is less than proof strength.

One area of medicine that deals with dosages is called posology. LOGY means
"science," while POSO means "dose."

Forms of Dosage Calculation:

Age in years/Age in years +12 is Young's formula.

Age in months/150 * Adult dosage is the Fried Rule.

Age in years (20) * Adult dosage is the Dilling Rule.

Clark's Rule: Calculate the child's body surface area (B.S.A.) (m2)/1.73 * Adult Dose
Dosage for child = age on next birthday/24 * adult dose is the Cowlings formula.

Age, the way a medication is administered, genetic composition, acquired tolerance,
idiosyncrasy, elimination rate, formulation, drug interactions, environmental factors, sex,
body weight, the presence of disease, multiple drug therapy, and acquired tolerance are
some of the factors that influence posology.

Isotonicity: A solution must have the same osmotic pressure as a certain body fluid in
order to be referred to as isotonic (equal tone). Because they are proportionate, the
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freezing point depression is a more easily measurable feature that may be used to
determine the osmotic pressure of a solution. Parenteral and ophthalmic solutions, which
need to have a freezing point depression of 0.52-C in order to be isotonic with blood
plasma and tears, are the most frequently used examples of isotonicity calculations in
pharmacy. Thus, if a solution has a freezing point1 of -0.52-C, it is said to be isotonic.

To maximize medicine efficacy and avoid irritation and cell damage, a solution must
be isotonic with a body fluid. Water will enter the red blood cells if an intravenous
hypotonic solution (one with a lower osmotic pressure than a body fluid) is given, causing
the cells to expand and perhaps rupture (haemolysis). When a hypertonic solution—one
that has a higher osmotic pressure than a body fluid—is injected intravenously, the cells
try to dilute the solution by drawing water out of them, which causes the cells to shrink.

By adding an adjusting component, typically sodium chloride, a hypotonic solution can
be made isotonic; the precise amount of this substance to add must be determined. The
fundamental formula for doing this is

W =0.52-a/b

where an is the freezing point depression of the unadjusted hypotonic solution, b is the
freezing point depression of a 1% w/v solution of the adjusting substance, and W is the
weight of the added substance (g/100ml). A crucial point is highlighted by making sure
the units in this equation are consistent. Since the fraction's top line's 0.52 is expressed
in °C, the term a must likewise be expressed in °C. Freezing point depression values are
often quoted for a single concentration of a pharmaceutical preparation, typically 1% wi/v,
in reference materials like The Pharmaceutical Codex. The value of b must be changed
if the concentration of the isotonic solution being made is different, such as 2% wi/v.

For instance, a 1% w/v solution of sodium chloride has a freezing point depression of
0.576 and a 1% wi/v solution of morphine sulfate has a freezing point depression of
0.08-C. To make 50ml of a 1% w/v morphine sulfate solution isotonic with blood plasma,
how many grams of sodium chloride and morphine sulfate are needed?

Solution: A 1% w/v solution of morphine sulfate has a freezing point of -0.08-C.
Since 0.52-C is the necessary freezing point, the freezing point needs to be lowered by:
0.52°C minus 0.08-C equals 0.44-C.

Since a freezing point depression of 0.576°C is produced by a 1% w/v sodium chloride
solution, the weight of sodium chloride needed to produce a depression of 0.44-C is:

0.576 = 0.7638g/100mI W = 0.52-a b = 0.52-0.08

The following amounts are required to create a 50 ml solution: 1. Sulfate of morphine:
(1g/100ml) x 50ml = 0.5g 2. Sodium chloride: 0.3819¢g (0.7638g/100ml) x 50ml.
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Density: 100 grams of water have a capacity of 100 milliliters at a specific temperature
of 20 degrees Celsius, a 1:1 connection.

However, not all liquids, solids, and semi-solids have the same proportionate
relationship. The formulator must convert either mass or volume because diverse
substances do not have this 1:1 mass:volume ratio. For instance, it might be simpler to
measure a liquid by volume as opposed to mass.

Example 1: A solution of 100 mL is produced when 15 mL of water is added to 85 mL of
water. Stated differently, there isn't any displacement. What happens if 90 milliliters of
water are mixed with 10 grams of salt chloride? The overall volume will be significantly
larger than 100 milliliters. Ten grams of dissolved sodium chloride take up more space
than ten milliliters of water. Stated differently, sodium chloride increases the volume of
the resultant solution by dislodging water. Certain substances, like sodium chloride, have
displacement volumes of their own.

Example 2: medication X has a displacement volume of 0.8 mL/g, which means that
when dissolved in water, 1 g of medication X displaces 0.8 mL. For reconstituted
powders, displacement values are crucial. A solution would dilute the concentration and,
as a result, the dose if it contained 10 mL more than was required. Density and
displacement data are therefore crucial in pharmaceutical and pharmacy computations.
We examine the following five examples in light of this.

Manufacturing and Evaluation of Tablets: The active pharmaceutical ingredient (API)
and a variety of excipients that serve as fillers, binders, disintegrants, lubricants, glidants,
colorants, and flavor modifiers are commonly found in compressed tablets. Excipients
such a coating polymer, plasticizers, and colors must be included to the final list of
formulation ingredients because the compressed tablet is frequently coated.

Compressed tablets are one of the most popular oral solid dose forms, although
making them can be difficult. Choosing the best production strategy and formulation
excipients from a variety of choices that can optimize the release kinetics, stability, and
API solubility in order to support the intended therapeutic effect is an essential initial step.
Direct compression, dry granulation, and wet granulation are some of the most often
used methods for producing tablets.

The production of tablets can be accomplished with great efficiency by using direct
compression (DC). The procedure is simple and involves combining the excipients and
API, then compressing the mixture. In contrast to other popular solid formulation
techniques, DC supports sustainability initiatives since it eliminates the need for solvents,
extra processing steps, and energy consumption compared to granulation and tableting.
When wet granulation (explained below) is not an option, it works well for substances
that are sensitive to heat or moisture.
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DC may encounter difficulties with low- and high-dose APIs in different ways.
Achieving the required homogeneity and uniformity with low-dose APIs can be
challenging because segregation, de-mixing, or sedimentation of the API may take place,
particularly if the formulation components' particle sizes differ significantly.

Poor galenical characteristics like sticking, poor flow, and poor compressibility are
frequently displayed by APIls. A suitable filler excipient, which would include a
substantially larger amount of a low-dose API formulation, can be used to compensate
for poor flow and compressibility, which are typical with small particle sizes or micronized
APls. Fillers are frequently unable to make up for subpar API qualities in high-dose
formulations, where the API percentage can range from 50% to over 100%. Since the
resultant granules have better qualities than the API powder, dry or wet granulation
techniques are usually employed in these situations.

These issues can be resolved and strong processability via DC can be guaranteed
with excipients that have good flowability and compressibility. Excipients with certain DC
grades that satisfy these specifications are frequently offered. It should be noted that a
stable mixture depends critically on the excipients' particle size distribution. To satisfy
various needs, a variety of grades with varying particle sizes are available for several
excipients. For instance, by adsorbing micronized APIs on their surface, excipients with
extremely high surface areas can aid in the stabilization of a mixture.

Granulation for Tablet Manufacturing: A variety of tabletting choices should be taken
into consideration because each methodology has pros and downsides of its own, and
the choice made will have significant effects on company and process. Although DC is a
very effective and simple method for tableting, and various excipients are made to solve
problems that can occur in DC procedures, there are some situations in which using DC
is not practical. Granulation can be employed in certain circumstances as an extra stage
in the process before tabletting.

Particle expansion through agglomeration is made possible by the granulation
process. By enhancing content uniformity, flowability, and compressibility, it gets rid of
unwanted particle characteristics and provides the qualities needed for the next steps in
the process. However, granulation takes longer than DC, and during the granulation,
drying, and screening processes, there is a chance of product loss and cross-
contamination. A higher price in comparison to DC may also result from these variables.
The formulation workflow illustrates the differences between wet and dry granulation
techniques, as well as the advantages and disadvantages of each method in relation to
DC.

Formulation Process: Dry Granulation: No change in chemical makeup; no need for
liquids or binders
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Slugging: Usually, "slugs" are formed using a rotary press or tabletting equipment. For
example, a hammer mill breaks slugs into granules. High-pressure technique

Compression into plates or sheets by two revolving rollers is known as roller
compaction. Granules are formed by milling plates. Not as rough as slugging

Binders are required for wet granulation, and the chemical composition changes.

Wet granulation (WG) employs a liquid and usually a binder to help the powder
particles agglomerate, whereas dry granulation (DG) uses mechanical compression,
either by slugging or roller compaction. The DG process involves compacting the mixture
and then decreasing the compacts to the required particle size in order to form granules
without liquid.

When DC processes reach their limits, DG can be utilized to improve flow
characteristics, prevent component segregation, and prevent WG-induced API
degradation. DG is particularly well-suited for APIs that are sensitive to solvents or
moisture because it doesn't require moisture. DG is a quicker and less expensive
manufacturing method than wet granulation.

Wet Granulation (WG) granulates the powder using a liquid and usually a binder.
Blending, wetting, a wet mass stage, drying, and sizing are all necessary steps in the
process. Usually, the binder is a polymer that has been dissolved in an organic or
aqueous solvent, such as copovidone, polyvinyl alcohol (PVA), polyvinylpyrrolidone
(PVP), starch, or cellulose derivatives.

Aqueous solutions can take longer to dry, but they are more cost-effective and
environmentally benign than organic solvents. Propanol and ethanol are two examples
of organic solvents utilized in WG.

There are various methods for WG:

* To speed up the production process, high-shear procedures employ machinery that
uses high-shear forces to mix the powder and liquid.

» Twin-screw granulation consistently produces wet granulate powders with better
product consistency and reduced liquid concentrations.

* The powders are pre-heated, granulated, and dried in the same vessel in the multi-
step WG process known as fluid bed granulation. The granulation process can be
closely controlled with this method.

Choosing the right excipients and process parameters that produce the required
binding, compaction, and flow characteristics is essential to the WG process's success.
As previously mentioned, PVA, PVP, copovidone, starch, and cellulose derivatives are
some of the most often used binders; lactose, microcrystalline cellulose (MCC), calcium
phosphates, and mannitol are frequently used fillers in oral dosage forms.
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Continuous Manufacturing: Each of these tabletting methods can be used in a
continuous manufacturing process or in traditional, sequential, batch manufacturing.

To guarantee consistency and support a precise feed and throughput, which in turn
guarantees a consistent quality and performance of the final product, it is critical that the
various components in continuous processes exhibit good flowability. Additionally,
compared to batch processes, where the finished product is inspected and released for
each batch, continuous processes require in-process control and the use of process
analytical technology.

All things considered, continuous production has a number of benefits over batch
manufacturing, such as:

» Enhanced productivity with a single, end-to-end process running in one place
* The requirement to scale up to greater equipment is eliminated.

* A more consistent level of quality in the finished product

» The application of in-process controls lowers the possibility of human error.

» More adaptability since output is controlled by production speed

* Less time spent cleaning equipment and less manual handling

Benefits of Mannitol in Tableting Processes: Mannitol has significant benefits when
used as a filler in DC, WG, and DG, such as compactibility, low hygroscopicity, and
chemical inertness, as well as the capacity to make incredibly durable tablets. Chewable,
sublingual, and orodispersible tablet formulations are made possible by a pleasing
mouthfeel and taste. Furthermore, some grades of mannitol, including Parteck® M
mannitol, are ideal for continuous production processes because of their superior
flowability, compressibility, and impact on blend homogeneity for low-dose formulations.

After tablets, soft gelatin capsules (SGCs) are the most commonly used medicinal
type. In a liquid or semisolid fill that is encased in a gelatin shell, the active substances,
active pharmaceutical ingredients (APIs), or nutrients are dissolved, distributed, or
suspended. A number of variables can alter the gelatin shell's characteristics, which can
therefore impact how the soft gelatin capsules are handled throughout production and
how stable they are. Three factors seem to be important: the fabrication and storage
conditions (temperature, humidity, light), the fill-shell formula interactions, and the shell
formulation (type and content of the various components such as gelatins—source,
extraction method—plasticizers, or additives). Two simple yet incredibly helpful methods
for tracking the characteristics of the gelatin shell are mechanical and thermal analysis.

In a liquid or semisolid film within a flexible or elastic shell, soft capsules are solid
dosage forms that contain one or more active ingredients, APIs, or nutrients. They can
be prepared alone or in combination with additional excipients or additives. Softgels are
categorized as either non-gelatin capsules, which are based on synthetic and/or plant-
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derived non-gelatin substitutes, or gelatin capsules, also known as SGCs or "softgels,"
depending on the polymer that was utilized to create the cover shell.

Gelatin, water, and non-volatile plasticizers (s) make up the majority of the shell
formulation in SGCs. To alter the properties of the gelatin shell, other additives such
opacifiers, colorants, flavors, sweeteners, and preservatives can be added. Finding a
formula that is sufficiently compatible with the fill material is essential during its
development. In order to reach the encapsulation machine, the shell mass must also: (1)
be able to flow at relatively low temperatures (about 60 °C); (2) set quickly into ribbons
with mechanical qualities adequate to withstand the encapsulation step; (3) retain
sufficient elasticity properties after the drying process and over the stability term; and (4)
exhibit suitable swelling and dissolution behaviors over the shelf-life of SGCs for human
consumption.

Gelatin: Gelatin usually makes up 40-45% of the shell formula in a typical soft gel
product. Gelatin is a naturally occurring biopolymer that is composed of 8—15% water, 1-
2 percent mineral salts, and 84—90% water-soluble proteins. Collagen from animal skins,
bones, and connective tissues—typically from pigs, cows, or fish—is thermally
denaturated (more precisely, partially hydrolyzed) to produce it. Cleaning, pretreatment,
gelatin extraction, filtration, concentration or evaporation, sterilization, and drying are the
seven procedures involved in producing gelatin from collagen. Different extraction
techniques can be used for the second stage, including hydrolysis by enzymatic process
(type-E gelatin) or hydrolysis without enzyme using a diluted acid (type-A gelatin) or alkali
(type-B gelatin).

The most popular method is acidic extraction, which involves treating the gelatin with
a mild or strong acid, like citric, formic, or acetic. Following this procedure, an alkali is
used to neutralize the pH. Alkaline procedures, on the other hand, involve treating the
gelatin with strong alkalis, altering the precipitation's pH, and influencing the gelatin's
isoelectric point; an acid is then used to neutralize the pH. In an enzymatic extraction,
the gelatin is extracted using enzymes like pepsin. The majority of gelatins are
recognized for use in pharmaceutical applications by the European Pharmacopeia (Ph.
Eur.) and the United States Pharmacopeia (USP), and they are categorized as GRAS
(Generally Recognized As Safe) food additives.

A protein called gelatin is insoluble in alcohols and other non-polar solvents like
acetone and chloroform but soluble in water, glycerin, or propylene glycol (PG). Each of
the three a-chains that make up gelatin's triple helix shape in water has a molecular
weight of about 100 kDa and 1000 amino acids, primarily glycine (Gly), proline (Pro), and
4-hydroxyproline (Hyp). These sequences determine the strength of the softgel seal and
the functionality of the SGC's shell because both amino acids establish hydrogen bonds
in the structure of the gelatin, which makes it stable.
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With a melting temperature (Tm) that is close to body temperature, gelatin can also
form thermoreversible gels. Gelatin chains associate and form triple helix structures in
water solution and at temperatures below =35 °C. At higher temperatures, however, they
take on spiral conformations. The amino acid sequence of the gelatin protein and,
consequently, the gelatin source determine the melting and gelling temperatures (Tgel)
of gelatin gel.

The most crucial physicochemical characteristic of gelatin raw material is its bloom
strength. It represents the average MW of their constituents and is a measurement of
the stiffness and strength of gelatin. Numerous variables, including the extraction
techniques and the source (animal, breed, age, or sex), affect the bloom strength. Longer
extractions result in low bloom gelatins with a strong odor, whereas short extractions
yield high bloom gelatins. Three "bloom" groups can be distinguished by the gelatin
bloom strength, which ranges from 30 to 300: low (<150), medium (150-220), and strong
(>220). The medium range is the ideal bloom for the SGCs manufacturing process.

Viscosity and bloom strength are related because gelatins with high bloom strength
have higher proportions of cross-linked B and a chain components, which results in
higher melting temperatures and viscosity. The source and extraction of the gelatin
determine the bloom strength. For instance, mammalian gelatins have larger viscosity
values than marine gelatins; for instance, cow skin has a viscosity of 3.90 cP, pig skin
has a viscosity of 6.37—7.28 cP, and various fish gelatins have a viscosity of 1.87-3.63
cP. For the soft gel manufacturing process, the ideal viscosity values fall between 2.8
and 4.5 mPa s at 60 °C.

Softgel Manufacturing: SGC was created in the 1800s. The first capsule patent
application was submitted in 1833 by Dublanc and Mothes, two French pharmaceutical
businesses. These days, there are five processes in the standard way of making this
solid dosage form: fill manufacturing, drying, finishing, encapsulation procedure, and
shell manufacturing.

Shell Manufacturing Process: Generally speaking, depending on the gelatin shell
formulation and the setting point of the gelatin raw material used, which is connected to
its mechanical and thermal properties, gelatin powder and plasticizer(s) are added to the
reactor and mixed with low agitation at 60 to 95 °C to melt the gelatin. Depending on the
viscosity of the gelatin source being utilized, the water to dry gelatin ratio can range from
0.7 to 1.3 w/w.

The other ingredients can either be premixed with the plasticizer or plasticizers in
auxiliary equipment or added straight to the reactor once the gelatin has completely
melted. While other components, such colorants, flavors, and preservatives, may be
blended quickly, the opacifier is often mixed in revolving drums or using drum mixers for
prolonged periods of time.
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Lastly, a homogenous gelatin mass is achieved by stirring the gel mixture in the
reactor while it is under vacuum. Via sifting, high undissolved particles are eliminated. In
order to keep the temperature between 57 and 60 °C during the encapsulation process,
the gelatin shell mass may then be released into holding tanks.

Fill Manufacturing Process: The fill can be a solution, dispersion (liquid in a liquid), or
suspension (solid in a liquid) and is made up of active (API or nutrition) and non-active
(excipient or additive) elements. Conventional mixer homogenizers are employed in a
reactor to prepare it; mixing conditions are particularly crucial when solid sources are
used since solid agglomerates need to be broken up. The finished fill product should be
kept in tanks until it is encapsulated following filling manufacture. To safeguard
medications that are sensitive to oxygen, a vacuum or inert environment may be used
throughout the manufacturing and/or storage phases.

A Mettler Toledo-Type SAG 245 was used to measure the weight of the capsules with
an accuracy of + 0.2 mg. The weight was calculated either on individual capsules
(individual weight) or as the average of 100 capsules for each batch across batches
(overall weight). The Capsize in-house dimension measurement equipment was used to
measure the length. In the 42 distinct batches that were produced, the length was
measured.

The disintegration of capsules was measured using a disintegration apparatus
consisting of a rigid basket-rack assembly supporting six cylindrical glass tubes. The
disintegration test was conducted in accordance with the European Pharmacopoeia
method, which defines the complete disintegration as the "state in which any residue of
the unit, except fragments of insoluble coating or capsule shell, remaining on the screen
of the test apparatus or adhering to the lower surface of the disks if used, is a soft mass
having no palpably firm core."

A disk was inserted to hold the capsules in the medium, which was water at 37° &
2°C. Before being used in the disintegration test, the disk and basket were dried for each
test. The operator and an automated endpoint detection system used a disintegration
device with automated endpoint detection to visually identify the endpoint. The moment
the dosage form dissolves and the disk makes contact with the stainless steel wire cloth
at the disintegration tube's bottom is known as the endpoint of the automatic detection
system.

We calculated loss on drying (LOD) using European Pharmacopoeia (7th Ed) 2.2.32.
Loss on drying (d) was calculated using approximately 3 grams of capsules
(approximately 40 size 1 capsules, weighed to 1 mg precision). Prior to weighing, the
capsules were chilled to room temperature in desiccators over silica gel, dried in an oven
at 105 £ 2°C to constant mass, and then placed on a previously dry weighing dish. The
mass loss as a percentage of volume is known as loss on drying.
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The European Pharmacopoeia method's monograph was used in determining
sulfated ash. Two grams of capsules, or roughly 80 size 1 capsules, were used for the
analysis.

The European Pharmacopoeia monograph was used to calculate the sulfur dioxide
content.

The European Pharmacopoeia was followed when conducting the microbiological
testing.

Four grams of capsules, divided into cap and body, were used to measure the
lubricant content. After adding methylene chloride to the capsules until they were fully
covered, they were shaken for at least five minutes. After transferring the extract to a
flask that had already been dried and tarred, the process was carried out again using an
additional enough quantity of methylene chloride. After carefully evaporating the solvent
without boiling it, the flask was dried in an oven set between 103 and 107°C for roughly
two hours before being allowed to cool to room temperature in a desiccator. Weighing
the residue allowed us to determine its percentage of the capsule weight. No more than
0.5% lubricant should be used.

A suppository is a preparation intended to be administered intrarectally in a single
dose. For systemic absorption, it is the most widely used rectal dose form for a variety
of indications, such as pain, seizures, sedation, nausea, and vomiting. Suppositories are
placed into the rectum past the muscle sphincter to prevent them from falling out. In an
appropriate base, drugs are either dissolved or distributed.

Suspository bases come in two varieties: hydrophilic bases (like gelatin and
polyethylene glycol) that dissolve in rectal fluid to release the medication, and lipophilic
bases (such hard fats and cocoa butter) that melt at body temperature.

The physicochemical characteristics of the medication and its compatibility with the
base determine which suppository base is best. To improve the suppository's wetting
qualities with the rectal fluid and speed up the dissolution rate, surfactants (such as
Polysorbate 80 or Tween 20) may be added to the formulation. Pharmacists have the
ability to make suppositories on the spot in addition to using commercially available
formulations.

Solid dose forms called suppositories contain medication ingredients that are meant
to be inserted into bodily cavities such as the rectum, vaginal cavity, or urethral tract—
but not through the mouth. Suppositories can be used to attain a sufficient systemic
concentration of a medicine, even though they are commonly utilized for local effect. This
dosage form is especially helpful for medications that undergo hepatic first-pass
metabolism and are subsequently broken down or rendered inert.
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Although the rolling approach was once used to make suppositories, the fusion or
cold compression methods are currently used [26]. The fusion process involves pouring
the molten mixture of the medication and base into a greased mold that is held over ice.
The two pieces of the mold, which is composed of stainless steel and plastic, are securely
fastened together with screws. After the mold is filled with molten base and medication,
it is allowed to cool for ten to fifteen minutes at room temperature. After setting, the
suppositories are taken out, cleaned with a fresh towel, and wrapped in wax paper one
at a time.

For both thermolabile and insoluble medications, the cold compression approach is
employed. It makes use of a cylinder and mold. After being mixed with theobroma ail,
the medication is put into the mold and then forced through a small aperture into the
cylinder, where it is crushed until it creates a uniform fused mass. To keep suppositories
from heating up, the machine's compression cylinder is refrigerated before the
suppository takes on its final shape.

To maintain their shape at room temperature, they are kept in a cool location. Large-
scale manufacturing frequently uses automatic molding. The suppositories can be
poured, cooled, and removed from the mold using rotary automated molding equipment.
An average rotating machine may produce between 3500 and 6000 suppositories every
hour.

Evaluation and Characterization of Suppositories

Hardness measurement: This test determines the mechanical force needed to shatter
the suppositories, which is helpful in guaranteeing the stability and integrity of the
suppositories when they are being transported from manufacturing/compounding
facilities to community pharmacies. Additionally, the best possible mechanical strength
is required for administering suppositories. Because it determines how much weight (in
kilos) a suppository can support before breaking, the hardness test is also known as the
crushing test. For a suppository, 1.8-2 kg is regarded as the ideal mechanical strength.

Melting Point Measurement: The substances in a suppository have varying melting
values. As a result, it melts entirely inside a melting zone, which is a range of melting
temperatures. A base's melting point can be determined using a differential scanning
calorimeter (DSC) at a heating rate of 3—10°C/min; the endotherm's peak indicates the
base's melting point. Another method involves putting a small-diameter wire into the mold
with the suppository melt and letting it harden. The wire-held suppository is submerged
in water once it has solidified. The water temperature is gradually increased (by around
1°C every two to three minutes) until the suppository falls off the wire, signifying the
suppository's melting point.

Determination of Drug Release: In order to examine the drug's absorption over a
specific time frame, it is imperative to determine the drug release rate from suppositories.
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The rotating dialysis cell method can be used to conduct drug release investigations in
vitro. The spinning cell assembly is put in a cylindrical vessel with 900 mL of dissolving
fluid using this procedure. It calls for putting suppositories in a revolving cell that is
constantly agitated at 25 rpm by a stirring bar covered in Teflon. A thermostat is used to
keep the temperature steady during the dissolving process. At a specified period, the
drug samples are taken out and replaced with an equivalent volume of fresh-release
medium. A suitable analytical method can be used to determine the drug concentration.

After preparing the lotion by swelling each of the suspending agents (xanthan gum,
carboxymethylcellulose, and bentonite magma) with hot water, the preservative solution
was added and thoroughly combined. Glycerin was used to dissolve nanosized chitosan-
mangosteen pericarp extract, which was then combined with a lotion base. They made
the cream. Part A involved heating the emulsifier (stearic acid) and other oil-soluble
ingredients to 70 °C. The aqueous phase (part B) was heated to 70 °C after the
preservatives and other water-soluble ingredients had been dissolved. With constant
stirring, the aqueous phase was introduced to the oil phase.

Evaluation of Lotions: Organoleptic Features: Color was used to evaluate organoleptic
features.

Homogeneity: Homogeneity was examined visually to see whether a clog was present.
Foreign Particle Presence: To check for the presence of foreign particles, a tiny amount
of formulation was put on a grease-free glass slide and examined under diffused light.

Evaluation of pH: A digital pH meter (Beckman, Germany) was used to measure the
pH of a 1% solution of lotions and creams.

Viscosity: Using spindle number S-64 at 20 rpm and 25 °C, the Brookfield Viscometer
Il + model was used to measure viscosity. Once the viscotester showed a stable number,
the results were noted.

Spreadability: To get a consistent film thickness, the recipe was put between two glass
slides and then squeezed. The top plate was then pulled using a string that was fastened
to the hook after a weight of 10 g was added to the pan. Calculate the spreadability (S)
by timing how long it takes the upper glass slide to travel 10 cm across the lower plate.

Irritancy Test: The dorsal left-hand surface was rubbed with the lotions and creams. For
a maximum of 24 hours, oedema, erythema, and irritation were assessed and reported
hourly.

Preference Test: Scent, color, and skin sensation were employed in sensory evaluation-
based preference tests. A numerical scale with 5 denoting "like extremely," 4 "like," 3
"neutral," 2 "dislike," and 1 "dislike extremely" was used to gauge the degree of
preference.
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Because topical formulations deliver a treatment to a specific location, they are
undoubtedly among the most difficult medications to develop. Topical delivery (Ointment)
is the application of a drug-containing formulation to the skin with the goal of limiting the
drug's pharmacological or other effects on the skin's surface or deeper layers to treat
cutaneous conditions like psoriasis or the cutaneous manifestations of more widespread
illnesses like acne.

To promote optimal skin absorption, a topical formulation must interact with the skin
environment after application; this contact may affect the rate of component release.
Applying the formulation to the skin, eyes, nose, and vagina is referred to as a "Topical
delivery system" in order to treat local illnesses. Applying medication topically
circumvents the hepatic first-pass metabolism, pH shifts in the stomach, and plasma
level variations that usually occur when a drug is taken orally.

Various medicinal dose forms, such as semesolids, liquid formulations, sprays, and
powders, are used in topical distribution techniques. Ointments, gels, and creams are
the semisolid formulations most frequently used for topical drug administration.

Different excipients and anthocyanin concentrations are used to create a formulated
ointment. Excipients are mostly used to give the formulation the desired qualities while
increasing its bulk.

Since fungi have a lipophilic cell membrane that facilitates the entrance of anthocyanin
into fungal cells, eucalyptus oil was employed as a penetration enhancer. Additionally, it
might improve the drug's solubility, diffusion coefficient, and partition coefficient in fungal
cells.

To cure minor skin irritations and itchy skin, cetyl alcohol is utilized as an emulsifying
agent. Eczema, ichthyosis, pruritus, and other dry skin disorders are treated with white
soft paraffin as an ointment foundation. As a co-solvent, propylene glycol is employed.

Ointment Evaluation Parameters

1. pH: Research was done to ascertain the pH of the different formulations of
anthocyanin ointment. Since all of the ointment formulations had pH values between
6.6 and 6.8, which is within the skin's pH range, they were deemed non-irritating and
suitable for topical usage.

2. ability to extrude. To determine how readily items can be taken out of their package
and applied, extrudability testing is required. The different anthocyanin ointment
formulations were tested for extrudability. The ointment has good extrudability,
according to the extrudability values.

3. Percentage content: Research was done on the different anthocyanin ointment
formulations' percentage anthocyanin content. Every ointment formulation displayed
a respectable percentage of medication content.
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4. Viscosity: Several formulations of anthocyanin ointment underwent viscosity tests.
The viscosity of ointment compositions is crucial. The medicine diffuses rapidly into
the diffusion medium if the ointment has a lower viscosity, but it is released more
slowly if it has a higher viscosity.

5. Spreadability: Tests of the several anthocyanin ointment compositions' spreadability
were carried out. The spreadability of every ointment formulation was at its best.

6. In-vitro release study: In-vitro release experiments were conducted on the different
formulations of anthocyanin ointment. Up to six hours, the percentage of drug release
remained very consistent across all time intervals. One significant physical
characteristic that influences the rate of medication release is viscosity. The rate of
medication release often decreases as viscosity increases.

Topical delivery is the application of a drug-containing formulation to the skin to
directly treat a cutaneous disorder or the cutaneous manifestations of a general disease
(e.g., psoriasis) with the intent of containing the pharmacological or the effect of the drug
on the skin surface or within the skin. In the past few decades, the treatment of iliness
has been accomplished by administering drugs to the human body via various roots,
including oral, sublingual, rectal, parental, topical, inhalation, etc. Semisolid formulations
in all their diversity dominate the system for topical delivery, but foams, spray, medicated
powders, solutions, and even medicated adhesive systems are used.

Topical medicines that can be applied to the skin are called creams. The term
"viscous liquid or semi-solid emulsions of either the oil-in-water or water-in-oil type" refers
to dosage forms that vary in consistency depending on the ratio of water to oil. Cosmetic
uses for creams include washing, beautifying, enhancing looks, and providing medicinal
or protective effects. These topical preparations produce a localized effect by delivering
the medication into the mucous membrane or the skin's underlying layer.

Creams are intended to be applied topically to administer medications to the skin,
specifically for skin conditions. Since they are made utilizing methods created in the
pharmaceutical business, they are regarded as pharmaceutical products. Both
medicated and unmedicated creams are widely used to treat dermatoses and other skin
disorders.

People use creams based on the demands of their skin conditions and can be herbal,
ayurvedic, or allopathic. They include one or more drug ingredients that have been
dissolved or distributed in an appropriate base. Based on phases, creams can be
categorized as either o/w or w/o types of emulsion. Traditional usage of the term "cream"
refers to semisolid formulations that are either water-in-oil (like cold cream) or oil-in-water
(like vanishing cream).
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Skin cream varieties are separated into two categories:

An oil-in-water (O/W) emulsion is one in which the oil is distributed as droplets throughout
the aqueous phase. Oil-in-water (O/W) creams are made up of tiny oil droplets distributed
in a continuous phase.

Small water droplets scattered throughout an oily phase make up water-in-oil (W/O)
creams. The emulsion is of the water-in-oil (W/O) type when the dispersion medium is
oil and the dispersed phase is water.

Common Ingredients in Skin Creams: The following raw materials are utilized in the
production of skin creams:

(Water: The most significant and frequently utilized raw
These are the most readily available and least expensive.

Water is used as a solvent to dissolve other ingredients in skin creams because it is
free of toxins, pollutants, microbes, and other contaminants. Water can also form
emulsions, depending on how much water is used in the formulation; these are
sometimes called water-in-oil emulsions or oil-in-water emulsions, depending on the
amounts of water phase and oil phase used. Qil, fats, and waxes, as well as the
derivatives they form, make up an essential component of creams.

Depending on its purpose, oils can be either mineral or glyceride, and waxes serve
as emulsifiers, fats as thickeners, and oils as perfumers, preservatives, etc.

Mineral oil: Made from hydrocarbons derived from petroleum oil, mineral oil is clear,
odorless, highly refined, and used extensively in cosmetics; it is lightweight, inexpensive,
helps to keep the body hydrated, and is used in the formulation of many creams. Mineral
oil is also rarely the cause of allergic reactions and cannot solidify and clog skin pores.

For instance:

(Light liquid paraffin)

(Liquid paraffin that is heavy)

(Petroleum in liquid form)

Vegetable oils make up the maijority of glyceride oil.

Almond, arachis, castor, coconut, and olive oils are examples of glyceride oils.

Vegetable oils: Help to keep skin firm by forming a barrier on the skin's surface and
reducing water loss. They can also be used to make the lipid or oil component in creams
or personal hygiene products thicker.

For instance, sunflower oil, avocado oil, germ oil, almond oil, etc.
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Waxes: Beeswax, carnauba wax, ceresin, spermaceti, and other waxes are used to
make creams. They are used in cosmetics because they help prevent the separation of
liquid and oil components in an emulsion, make the lipid portion thicker, and adhere to
the skin's surface.

Fats: A variety of fats are utilized in the making of

Creams: These materials can come from plants, animals, or minerals. Glyceride oils and
fats can come from either vegetable or animal sources and are made up of combinations
of fatty acids and glycerin. Depending on the process, they can be saponified to form
soap or fatty acid and glycerin. The most common fatty acids are lauric, margaric,
plamitic, stearic, and saturated group; oleic acid is a liquid and the most widely used
unsaturated fatty acids. More specifically, the most frequently used fatty acids in other
cosmetics include olive oil, almond oil, seasame oil, peanut oil, lard, mutton tallow, lard,
and beef stearine.

Lanolin: Made from sheep wool fat, lanolin comes in two varieties: hydrous lanolin,
which contains between 25% and 30% water, and anhydrous lanolin, which has a point
of 38°C to 42°C and a faint smell. These ingredients work as a lubricant on the skin's
surface, giving it a smooth and soft appearance. Lanolin also facilitates the formation of
emulsions and mixes well with other ingredients found in cosmetic and personal care
products.

Colors: Prior to the advancement of contemporary technology, natural ingredients like
turmeric, saffron, indigo, and others were the main source of color.

It was discovered that colors created in the lab after the 19th century were more stable
and had a higher intensity of coloring, and they could be developed without the use of
natural plants.

Emollients: Also known as moisturizers, emollients are products that help soften or treat
dry skin. The majority of emollients are types of oil or grease, including mineral oil,
squalene, and lanolin. They function by enhancing the skin's capacity to retain water,
supplying an oil layer to stop water loss, and lubricating the skin.

The majority of skin care formulas contain humectants, which are hydroscopic
chemical molecules that serve a variety of purposes. are substances that have the ability
to absorb or hold onto moisture; they have numerous advantages, including moisturizing
and exfoliating. Humectants include glycerin,

Betaine, sodium PCA, sodium-L-lactate, hydroxyethyl urea, and so forth.

Natural perfumes used in creams include "White Blossoms," "Rosy Dreams," and
"Orange Blossom." A perfume is a material that adds a scent or flavor, including a sweet
and pleasant smell.
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Vitamins: Vitamins, such as A, B, C, E, and others, are essential for preserving the
physiological function of the skin and the entire body.

the creams' composition.

Preservatives: Synthetic preservatives, when used in low concentrations, effectively
preserve the products. Preservatives are necessary in cosmetics to prevent
contamination and alteration caused by microorganisms during formulation, shipment,
storage, and consumer use. Antioxidants can also protect against alteration caused by
exposure to oxygen.

Cream Evaluation Criteria:

1.

pH determination: Using a common digital pH meter at ambient temperature, the
cream's pH can be determined by taking a sufficient volume of the formulation in a
suitable beaker that has been diluted with an appropriate solvent.

Physical appearance: The cream's color, roughness, and grade can all be used
to determine its physical appearance.

Spreadability: A sufficient amount of sample is placed between two glass slides,
and the slides are subjected to a 100g weight for five minutes. Spreadability is
defined as

S =m*lit
Where,
m is the weight on the upper slide.
| is the distance traveled on the glass slide.
t is the amount of time.

Saponification value: 1 ml of phenolphthalein was added and titrated right away
after 2 g of the material refluxed with 25 ml of 0.5 N alcoholic KOH for 30 minutes.
0.5N HCI, record the result as "a." Repeat the process without the material under
investigation.

Take note of the reading as "b." The saponification value is equal to (b-a)*28.05/w.
Where,
w is the substance's weight in grams.

Acid value: 10 grams of the material is dissolved in 50 milliliters of precisely
weighed alcohol and solvent ether. The flask was attached to reflux condenser and
heated gradually until the sample was fully dissolved. 1 milliliter of phenolphthalein
was then added, and the mixture was titrated with 0.1N NaOH until it turned faintly
pink.
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10.

11.

12.

13.

After 30 seconds of shaking, color emerges. Value of acid = n*5.61/w
Where,

n is the volume of the 0.1 N KOH solution in milliliters.

w is the substance's weight in grams.

Viscosity: The Brookfield Viscometer can be used to measure the viscosity of
prepared creams.

Homogeneity: Both touch and visual appearance were used to verify the
formulation's homogeneity.

Removal: By using tap water to wash the area where the creams were applied,
the creams' ease of removal was assessed.

Dye test: The cream is combined with the scarlet dye. Examine a drop of cream
under a microscope after placing it on a slide and covering it with a cover slip. If
the scatter

When the globule is red and the ground is colorless, the cream is of the o/w type;
when it is of the w/o type, the opposite circumstance occurs.

Following feel: The amount of residue, emolliency, and slipperiness were
assessed following the application of a predetermined quantity of cream.

Smear type: Following cream application, the kind of film or smear that developed
on the skin was examined.

Mark a 1 sq. cm. area on the left hand's dorsal surface for the irritation research.
The time was recorded after the cream was administered to the designated area.
For up to 24 hours, irritability, erythema, and edema were monitored and reported
as needed.

Accelerated Stability Study: In accordance with ICH recommendations, an
accelerated stability study is carried out for formulation.

However, the majority of semisolid preparations are applied to the skin for topical relief
of dermatological conditions. Paste preparations can be defined as topical products
meant to be applied on the skin or accessible mucous membranes to provide localized
and occasionally systemic effects at the site of application.

Semisolid preparations for cutaneous application can be divided into several groups,
including ointments, creams, gels, and pastes. The medicine in these topical
preparations is encapsulated in an appropriate semisolid basis that can be either
hydrophilic or hydrophobic. The bases have a significant impact on the nature of drug
release. The surface bacteria are the target of topical antibiotics, antiseptics, and
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deodorants. The formulation must then release the antibiotic in order for it to enter the
organisms through the surface skin fissures and have effective surface bioavailability.

Standard calibration curves: Phosphate buffer pH 7.4 was used to create a stock
solution containing 1 mg/100 ml of cream. After that, solutions with concentrations
ranging from 0.5 to 10 pg/ml were obtained by repeated dilution. Those solutions' UV
absorbance was tested. After that, the standard calibration curve was built, and its
regression equation was ascertained.

Assessment of Creams

(i) Cream pH: A 100 ml beaker was filled with precisely weighed 5+ 0.01 g of cream.
The cream was dissolved in 45 milliliters of water. At 30 degrees Celsius, the
suspension's pH was measured.

(ii) Drug content: A UV spectrophotometer was used to measure the amount of drug
in the formulations. After shaking 9 milliliters of phosphate buffer (pH 7.4) with an
amount of the cream equal to 0.01 grams of the medication, the mixture was
filtered. Ten milliliters of the same solvent were used to dilute one milliliter of the
filtrate. After adding 15 milliliters of chloroform and shaking, the resultant solution
was moved into a separate funnel and alkalinized to pH 12.7 using 1M KOH. A dry
residue was left behind after the lower, separated chloroform layer had completely
evaporated. After dissolving the dry residue in 10 milliliters of phosphate buffer
(pH 7.4), the mixture was filtered. The buffer was then used as a blank in a UV
spectrophotometer to measure the absorbance.

(ii) Drug release in vitro: The dissolution device was built. Five grams of the tested
composition were placed in a tiny funnel with a 2.3 cm diameter. Filter paper was
placed over the funnel's mouth, which was held in place with a rubber band. This
cell was submerged to zero after being reversed. 5 cm in 500 milliliters of
phosphate buffer (pH 7.4) that is in the dissolution apparatus's flask. Inside the
dissolution apparatus, the flask was partially submerged in a sizable water bath
that was maintained at a steady 37°C. The stirring rate was kept constant at 100 r
while the stirrer was submerged in the collection media. p.m. Inside the dissolution
apparatus, the flask was partially submerged in a sizable water bath that was
maintained at a steady 37°C.

The stirring rate was maintained while the stirrer was submerged in the collecting
media. After the net discharge of cream, the concentration of the receiver medium was
observed for 120 minutes. Ten milliliters of the sample were taken out and filtered at
predetermined intervals. One milliliter of the filtrate was then mixed with ten milliliters of
the phosphate buffer (pH 7.4). After adjusting the pH to 12.7 to create an alkaline
medium, 15 milliliters of chloroform were added and agitated in a separating funnel.
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At 65 degrees Celsius, the separated chloroform layer (lower) was dried by
evaporation. Ten milliliters of the same buffer were used to dissolve the remaining drug
residue, and the resulting solution was subsequently filtered. The filtrate's UV
absorbance was measured. The dissolution profile of each formulation was fitted to zero
order, first order, Higuchi, and Koresmeyers Peppa's models in order to study the drug
release kinetics. The similarity factor (f2) between drug release of creams was
calculated. If f2 is more than 50, the two dissolution profiles are regarded as similar.

(v) Spreadability: Cover the ground plate with 0.5 gram of the tested formulation. The
cream was positioned between this plate and a second glass plate with a hook and
dimensions comparable to the fixed ground plate. To remove air and create a
consistent layer of cream between the plates, a 500 mg weight was set on top of
each of the two plates for five minutes. The extra cream was scraped from the
sides. After then, the top plate was pulled off at intervals of 1, 2, 5, 10, 15, and 20
minutes to increase the number of grams. Using a line fastened to the hook, the
amount of time needed for the top plate to travel 10 cm was recorded. Spreadability
was computed as follows: S=m.l /t, where t was time (sec), m was the weight
attached to the top glass slide (g), | was the length traveled on the glass slide (cm),
and S was the spreadability (g.cm/sec).

(vi) Skin irritation test: The purpose of this test was to determine how irritating the
produced formulation was to animals' intact skin. Three rabbits were used to test
the formulation with the lowest effective strength. During the test period, each
rabbit was housed in a separate cage and given fresh food and drink. To reveal a
sizable test area, the hair in the spine area was shaved 24 hours before the test.
After using surgical spirit to clean the test location, 5g was put there. For six,
twelve, eighteen, and twenty-four hours following application, the test site was
monitored for erythema and edema. (vi) Study of isothermal stress stability.
Samples of the tested formulation, weighing 100 grams each, were stored in tightly
sealed plastic containers at 2°C in the refrigerator, 35°C in the incubator, and 70°C
in the oven. Analytical samples were taken at 0, 1, 3, 6, and 9 weeks later, and
their stability was assessed in terms of chemical changes and drug content. Fitting
data to the zero and first-order models allowed for the determination of the
degradation reaction's order. An Arrhenius plot of In Kvs I/T, where T is the storage
temperature in Kelvin, was then created using the rate constant of deterioration (K)
at each storage condition. The Arrhenius figure was then used to determine the
shelf-life (t90).

Forms of parenteral dosage

The Greek word "para enteron," which means "outside the intestine," is the source of the
English word "parenteral." Because they are injected straight into bodily tissues via the
skin and mucous membranes, these dosage forms are special.
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Sterile preparations with one or more active substances that are meant to be
administered by injection, infusion, or implantation into the body are known as parenteral
products. They come in containers that can hold one or more doses.

Injection gels, implants, injection or infusion emulsions, injection or infusion powders,
solutions, and suspensions are examples of parenteral preparations. These are sterile
formulations designed to be directly injected into an animal or human's systemic
circulation.

If no dehydrogenation method is utilized in the manufacturing of the sterile medicinal
products, the pyrogen-free aspect will necessitate the use of pyrogen-free
pharmaceutical ingredients, drug substances, API (active pharmaceutical ingredient),
and excipients. Several sterilization techniques that are suitable for the formulations can
be used to achieve sterility.

Parenteral preparations are an integral aspect of modern healthcare since they play
a critical role in the direct administration of medications, nutrients, and fluids into the
bloodstream. This mode of delivery becomes essential when oral medications are not
suitable or when rapid therapeutic effects are required.Parenteral preparations are
administered in a range of formulations, including suspensions, emulsions, solutions,
and lyophilized powders for reconstitution. To guarantee prompt and efficient delivery,
the most often used form, solutions, is composed of drug molecules that have been
dissolved in the proper solvent.

Suspensions containing solid particles suspended in a liquid medium can be used to
administer medications that cannot be produced as solutions. Furthermore, because
they are stable and portable, lyophilized powders are ideal for some drugs and therapies;
nevertheless, they must be reconstitution-ready before to use. Emulsions, on the other
hand, employ immiscible liquid phases to facilitate the administration of lipid-based
drugs, some of which might not dissolve well in aqueous solutions.

Types of Parenteral Preparations: In terms of formulations, parenteral preparations
include lyophilized powders for reconstitution, suspensions, emulsions, and solutions.
The most widely utilized form, solutions, is made up of drug molecules dissolved in the
proper solvent4. Emulsions, on the other hand, are used to administer lipid-based
medications because they contain immiscible liquid phases. While lyophilized powders
provide stability and portability, they must be reconstitution-ready before to
administration, whereas suspensions consist of solid particles suspended in a liquid
media.

There are several categories into which parenteral preparations can be divided:
1. The injection-ready solution.

2. ready for injectable suspension.
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3. emulsion suitable for intravenous delivery.

4. Products that are dry and soluble should be dissolved in the proper solvent right
before being administered.

5. Just prior to administration, dry insoluble compounds are shared with a different
vehicle.

Benefits:

The effects of intramuscular and subcutaneous administration take three to five minutes
to manifest.

100% bioavailability on intravenous administration.

Regular medications, such as morphine for chronic pain patients or saline drip and
glucose for those in need of fluids and nutrition, can be administered intravenously. The
appropriate medications are either too irritating or not absorbed by the stomach.

Parenteral preparations are appropriate for medications that have been rendered
inactive by enzymes or the gastrointestinal tract. Drug action can be extended by altering
the formulation. Patients who are vomiting or unconscious can benefit from parenteral
products.

Given how rapidly the action begins, injectable drug abuse carries a significant risk of
addiction.

The patient doesn't give herself an injection.

Parenteral Product Administration Routes

1) Intradermal (1.D.) route

2) Subcutaneous approach (S.C.)

3) The intramuscular pathway (1.M.)

4) Intravenous (1.V.) route

Procedures Associated with Parenteral Product Preparation

Cleaning: employing washing and rinsing devices that operate automatically.
e Dry or moist heat is used for sterilization.

e Ingredient purity: medications, vehicles, and additives. Use water for injection when
using water as a solvent.

The preparation is compounded by adding a small amount at first, then a larger
amount to create a solution.

e Filtration: For thermolabile fluids, use Millipore membrane filters made of cellulose
acetate, which eliminate microbes.
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Distribution of the finished product into plastic bags, ampoules, and bottles. Because
glass is heated during sterilization, it is a preferable material. Photolabile medications
are placed under amber-colored glass, which makes it difficult to visually analyze foreign
objects.

Sterilization: of containers that are closed and filled

e Labeling: Ingredient name and amount, manufacturing and expiration dates, and
storage conditions.

Check for the Product's Sterility

By counting every component of a sterile pharmaceutical product through a nutritional
medium, sterility testing determines if the product is free of microorganisms13. Given the
crucial nature of the test and the likelihood that only a portion of a batch will be sampled,
it is only likely that no contaminating microorganisms will be detected in the sample under
examination. In other words, because culture techniques have limited sensitivity and
sampling may not be able to pick nonsterile containers, it is impossible to demonstrate
sterility.

Parenteral Device Types

A thin plastic tube with a needle pointed in a single direction is called a syringe.
Medication can be administered intravenously, intramuscularly, or intradermally14 using
syringes. They are also used to extract bodily fluids, such as blood, for testing. Syringes
without needles are useful for giving medication orally or through a feeding tube. The
label indicates how much liquid syringes can contain. A syringe's capacity is measured
in milliliters for liquids and cubic centimeters for solids15. The capacity of syringes ranges
from 1 ml to 60 ml.

Medical, insulin, disposable, and tuberculin syringes are a few examples.

Needle: The syringe is attached to a hub on one of the needles. Needles come in a
variety of lengths and gauge sizes16. They can easily puncture tissues because of the
bevel or slope at the tip of the needle.

Winged needles and hypodermic needles are two examples.

Cannular: A cannula is a tube that is inserted into the body to draw fluids and take
samples. In other words, by covering the needle's surface, a cannula increases the
needle's functional length and makes operating easier17. They are also known as
intravenous or IV cannulas and come in a variety of sizes and characteristics. IV
cannulas enable a range of treatments and alternatives to preventative care. The medical
team uses the cannula to inject drugs, fluids, or blood straight into the vein after it has
been inserted. It is no longer necessary to use and implant a new needle before each



66 A Comprehensive Handbook for Pharmacist Grade-1I Recruitment Exam

session or delivery thanks to the cannula. Peripheral and central line IV cannulas are the
two main varieties.

Examples include nasal and intravenous (V) cannulation.

Catheter: When there are physiological and anatomical anomalies or a temporary or
permanent blockage of the lower urinary tract, catheters are utilized to allow for proper
bladder drainage19. In order to reduce or eliminate the risk of distension injuries,
catheters are used for a variety of purposes, including ensuring bladder drainage during
and after surgery or epidural anesthesia; conducting investigations to measure urine
output and postmicturition residuals accurately; administering treatments to relieve
urinary retention or to install chemotherapy; and, as a last resort for containment, treating
intractable incontinence.

Examples include dialysis, cardiac catheterization, balloon catheterization, arterial
catheterization, and central venous catheterization.

A feeding tube is a medical device that enables people who require nutritional
supplements to keep alive or who are unable to swallow safely. Enteral feeding, also
known as gavage or tube feeding, is the procedure of receiving nourishment through a
feeding tube. Both temporary and permanent placement are options for treating acute
diseases and persistent disability, respectively. Multiple feeding tubes are utilized in
medical practice. Common materials include silicone and polyurethane. The diameter of
a feeding tube is expressed in French units. The feeding tube's diameter is expressed in
French units, with one French unit20 being equivalent to s mm. Their classification is
based on the site of insertion and the intended purpose.

Nasogastric and gastric feeding tubes are two examples.

Stents: Stents are tiny, expandable tubes used to alleviate artery constriction. They can
help patients with coronary heart disease brought on by plaque buildup by opening
constricted arteries, treating heart attacks, and reducing symptoms like chest pain.
These devices are known to medical professionals as coronary stents. Typically, they
are placed into arteries following an angioplasty, which widens the artery. Metal wire
mesh is used to make them. The one-hour angioplasty technique doesn't involve any
significant incisions. The treatment involves the use of moderate sedation and a local
anesthetic 21. If the patient requires more than one stent, it could take longer. Compared
to patients who undergo coronary artery bypass surgery, individuals who receive stents
recover more quickly and feel less discomfort.

Drug-eluting stents are one example.

The purpose of parenteral treatment is to
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Make an effect that is localized.

Drug administration cannot be done using the oral route.

Drugs can be administered to the unconscious patient with ease.

Fast and precise electrolyte and fluid imbalance detection.

Precise administration of medication to the intended tissues

The general procedures for parenteral preparations

Cleaning: using washing and rinsing devices that operate automatically.
Dry or moist heat is used for sterilization.

Ingredient purity: medications, vehicles, and additives. Use water for injection when
using water as a solvent.

The preparation is compounded by adding a small amount at first, then a larger
amount to create a solution.

Filtration: For thermolabile fluids, use Millipore membranes made of cellulose acetate
filters, which eliminate microbes.

Distribution of the finished product into plastic bags, ampoules, and bottles. Because
glass is heated during sterilization, it is a preferable material. Photolabile medications
are placed under amber-colored glass, which makes it difficult to visually analyze foreign
objects.

Container closure and sealing.
Sterilization: of containers that are closed and filled.
visual examination to ensure clarity.

Labeling includes the ingredients' names, amounts, manufacturing and expiration
dates, and storage conditions.

Assessment of Intravenous Preparations

To make sure the parenteral goods fulfill the necessary safety and efficacy
requirements, the following tests are conducted:

Test for sterility
Test of Clarity
The Pyrogen test
test that is flawed.

Test for sterility: Every parenteral product needs to be sterile. Samples chosen at
random undergo a sterility test.



68 A Comprehensive Handbook for Pharmacist Grade-1I Recruitment Exam

The test's basic idea is to transfer a certain amount of the material into a tube
containing an appropriate liquid culture medium. Various cultural media are employed:

e Thioglycolate liquid medium: utilized to boost anaerobic organism development. It is
kept at 35 to 37 degrees Celsius for seven days.

e A liquid medium made of soybeans and casein: to promote the development of
aerobic organisms. It is kept at 35 to 37 degrees Celsius for seven days.

e Sabaraud liquid media, which is incubated at 25 to 27 degrees Celsius, is used to
encourage fungal growth.

Sterile test observations: If there is no growth or turbidity in samples a, b, ¢, or g, the
material is sterile; if growth is present in samples d, e, or f, the material is sterile. A new
sample should be used for the test if growth is shown in samples a, b, ¢, and g, or if there
is no growth in samples d, e, or f. Repeat the test if there is growth. The preparation is
deemed unsterile and is rejected if growth persists.

Pyrogen test: All bacteria make pyrogens, which are metabolic products, from their cell
walls. They are water soluble, filterable, and thermostable, and they are made up of
liposaccharides. Following sterilization by moist heat or filtration, they are not eliminated.
They induce febrile reactions in the human body, including fever, headache, and
backache. Water serves as a carrier and is a significant source of pyrogens. By oxidizing
pyrogens to non-volatile organic solids (filterable) with an oxidizing agent (potassium
permanganate plus a little amount of barium), pyrogens can be eliminated. All aqueous
parenteral formulations undergo this procedure. Since rabbits react to pyrogens in the
same way as people do, they are employed in the test.

The test's basic idea is to utilize a thermometer inserted into the rabbit's rectum to
measure the rise in temperature (fever) brought on by pyrogens. Eight rabbits receive
injections of the sample (10 ml/kg) into their ear veins. Before injecting and one, two, and
three hours after injecting, the temperature is measured. The rectal temperature
shouldn't be higher than 0.6 degrees Celsius over the observed normal temperature.

The ability of parenteral preparations to be free of foreign substances is known as the
clarity test. Under bright light, the purity of the solutions is visually examined.

Leaker test: This particular test verifies that ampoules are tightly sealed and leak-proof.
Procedures
The ampoules are submerged in a dye solution (1% methylene blue) in a tank.

In order to create negative pressure inside the tank, the air inside is evacuated and
the tank is closed. High pressure will be applied to the ampoule seal's weak spots by the
vacuum, which will also help the dye enter the leaky ampoule.
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e After the ampoules are cleaned, those that leak should be discarded because they
contain the blue color.

Procedure for Parenteral Product Sterilization:

Sterilization is the elimination of all living germs based on a probability function. The
process of eliminating all impurities from a surface, a piece of machinery, food, or a
biological culture medium is known as sterilization. This is not the same as disinfectants,
which only get rid of disease-causing bacteria. Generally speaking, any tool that comes
into contact with a previously sterile area of the body needs to be sterilised. This holds
true for instruments such as hypodermic needles and scalpels. Autoclaving is the most
important sterilising technique. However, alternate methods such as gas sterilisation or
radiation sterilisation24 were used to sanitize some plastic devices that were unable to
maintain their dimensional stability in an autoclave. Different sterilization techniques:

1. Autoclave Sterilization: A pressured steam autoclave must run at 121 degrees
Celsius for at least 15 minutes in order to sterilize.

2. Radiation sterilization: This technique is crucial for medical equipment that is
resistant to gamma ray damage. Only polymers that are susceptible to heat, moisture,
or ethylene oxide can benefit from radiation sterilization.

3. Gas Sterilization: The most common sterilant is ethylene oxide. It is used to sterilize
the majority of plastic syringes and needles and is non-toxic to most plastics.

Sterilization by Filtration: This method eliminates viruses, bacteria, and particulate
matter from the generated product in order to sterilize parenteral products25. Particulate,
micro, ultra, and nano filters are the four main types of filters used in sterilization.

The porosity of particle filters is the highest, and that of nano-filters is the lowest. The
majority of bacteria and yeast are eliminated by microfilters, whereas the majority of viral
particles—the specifics of which are provided below—are eliminated by ultrafilters. All
things considered, product sterility guarantees that patients won't be at risk of infection
after using the product.

1) Particle filter: Particle filters have porosity ratings between 10 and 200 microns. To
eliminate big particles, pollen, some germs, and bulk dirt, particle filters are utilized as
prefilters.

Particle filter materials include cellulose, cellulose ester, heat-bonded polypropylene,
diatomaceous earth, glass, sand, gravel, and polypropylene yarn27. Particle filters
are often referred to as depth filters or surface filters. Traditionally, prefilters have
been employed to keep microfilter membranes from clogging too quickly.

2) Microfilters: The porosity of the majority of microfilters is 0.22 microns or less.
Microfilter porosity, on the other hand, varies between 0.1 and 10 microns. All germs



70 A Comprehensive Handbook for Pharmacist Grade-1I Recruitment Exam

and yeast are eliminated using microfilters. Colloidal forms in suspension are likewise
eliminated by microfilters.

The traditional sterilising filter used in the industry is the microfilter. Because regulated
polymeric structures were created, their pore distribution is limited. Some combination
filters combine a particle filter with microfilter pore size. Before administering a
substance, syringes are frequently filtered using these combination filters.

3) Ultrafilters: The porosity of ultrafilters varies between 0.001 and 0.1 microns. Ultra
filters are viral filters made to remove big chemical molecules and virus particles.

4) Nanofilters: Nanofilters are used to eliminate ionic particles and small organic
molecules since their porosity is less than 0.001 microns. Reverse osmosis systems
employ nano-filters. Nano-filters are made from nano-sized activated alumina
particles that are attached to polycarbonate, glass fiber matrices, electro-spun Nylon
6 fibers, polyether sulfone, and other polymers. Keep in mind that the materials used
for polymeric filters might be either hydrophilic or hydrophobic. Hydrophilic filters are
used to filter fluids sterilely since they wet on their own. Hydrophobic filters do not
naturally moisten 28. Therefore, gases, solvents, and very acidic or alkaline solutions
are filtered using hydrophobic filters.

Vehicles Used in Parental Preparation: Aqueous Vehicles Water is the most widely
used and suitable parenteral delivery system since aqueous therapies are the safest to
use and are well tolerated by the body.

Water Type Used:

A solution for injecting water.
Injection-grade sterile water.
Injection-grade bacteriostatic water.
Injectable sterile water:

It is injection-grade sterile water that comes in single-dose canisters that hold no more
than one liter. It has no antibacterial agent29 and is free of pyrogens. For instance, sterile
water for injection can be added to a dry powder of sterile Ampicillin sodium to create an
injectable solution.

Vehicles that are not water-based
It is water soluble.
- Injectable water resistant to water

De-ionizing and distilling water yields it. The maximum amount of total solids it should
contain is 1 mg/100 ml. It must not be sterile, but it must be free of pyrogens.
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Parenteral preparations are best administered in aqueous vehicles, although for one
of the following reasons, it may occasionally be essential to remove water from some
preparations:

To improve the solubility of some medications that aren't very soluble in water by
substituting various non-aqueous carriers for water30.

To shield specific medications from hydrolytic processes.

Characteristics of parenteral preparations using non-aqueous carriers Inert, nontoxic,
and nonirritating.

e Stable and compatible with other substances.

It should be sufficiently viscous to allow for easy injection and withdrawal from the
container.

Systems for delivering drugs to the eyes

Ocular anatomy, physiology, and effective defense mechanisms, such as extensive
nasolachrymal drainage, tear dynamics, the relative impermeability of the corneal
epithelial membrane, and the high effectiveness of the blood—ocular barrier, can all
contribute to the numerous difficulties that still face ocular drug delivery.

The short precorneal residence time of eye drops, which is linked to limited corneal
drug absorption and ocular and systemic side effects, affects most ophthalmic dose
forms administered as highly concentrated eye drops. Additionally, regular
administration of highly concentrated solutions is necessary to establish a therapeutic
impact, which leads to prolonged periods of underdosing after a brief residence of high
drug concentration in the tear film.

Many innovative ocular drug delivery systems, including in situ gelling polymers,
micro/nanoparticles, micro/nanoemulsions, nanosuspensions, liposomes, dendrimers
and niosomes, and ocular films, have been developed to achieve higher bioavailability,
controlled ocular delivery, patient compliance, and fewer side effects than traditional
ophthalmic dosage forms like solutions, gels, ointments, and aqueous suspensions.

The advantages of ocular films, which are solid devices positioned in the eye's cul-
de-sac, include increased contact, longer device retention, controlled release,
guaranteed effective drug concentration in the eye, more precise pharmaceutical dosing,
and less systemic side effects. Additionally, solid devices have a longer shelf life, are
biodegradable or soluble, and don't need to be taken out of the eye. Ocular films have
not yet been extensively utilized in ocular therapy, despite all of the previously listed
benefits.

Glaucoma is a dangerous long-term condition that weakens the ganglion cells and
retinal nerves, resulting in pathological alterations to the anatomy of the eye. If treatment
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is not received, it may result in visual loss and eventual blindness. Glaucoma develops
primarily as a result of increasing intraocular pressure brought on by aqueous humor
production.

Evaluation of the produced ocular films

Evaluation was done on the physical attributes of ocular films, including their color,
texture, flexibility, and appearance.

Weight uniformity: Using a digital scale, three films from each batch were weighed
separately, and the average weight of the films was noted.

Uniformity of thickness: A Vernier calliper was used to measure the films' thickness.
The thickness of three randomly chosen films was measured for every formulation.

Drug concentration was determined by dissolving three samples of ocular films from
each batch in 50 milliliters of isotonic phosphate buffer pH 7.4 (tear fluid) in a volumetric
flask. Using UV-VIS spectrophotometry, the absorbance of the solution following filtering
and necessary dilution was determined. The number of films dissolved and the solution's
concentration were taken into account when calculating the average drug content of the
films.

Swelling index test: Because swelling affects drug release from the polymeric matrix,
the swelling test was used to gauge the bulk hydrophilicity and hydration of films. Three
films of each formulation were weighed, placed in a mesh basket, and placed in
phosphate buffer saline (PBS) with a pH of 7.4 and kept at 32+0.5 °C to test for swelling.
The films were taken out, wiped with lint-free tissue to get rid of extra surface PBS,
weighed, and then put back in the same container at intervals of up to 90 minutes.

The following formula was used to get the swelling index depending on the level of
fluid absorption:

Index of swelling = Wi-WO0WO0x100
where Wt is the sample's weight at time t and WO is its initial weight.

In-vitro drug release study: The vial method was used to examine the in-vitro drug
release from various ocular films. A vial with 10 mL of synthetic tear fluid (pH 7.4) that
had been warmed to 37 + 1°C was used to hold each film. Over a shaker, these vials
were placed. To mimic the blinking of an eye, the shaker was kept at its lowest possible
shaking speed. At certain times, an aliquot of samples was taken out and replaced with
an equal volume of new fluid. Following the proper dilutions, the samples were examined
at 283 nm using a UV Spectrophotometer against a reference using isotonic phosphate
buffer pH 7.4 as a blank.

Drug release kinetics: To comprehend the kinetics and mechanism of drug release, the
in-vitro drug release results were fitted with various kinetic models, including zero order
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(% release vs. t), first order (log % release vs. t), and Higuchi matrix (% release vs. t0.5).
Peppas' equation, Mt/M«= = ktn, which uses Mt as the released drug amount at time t
and M~ as the released amount at time «, Mt/M« as the released drug fraction at time
t, k as the kinetic constant, and n as the diffusional exponent—a measure of the primary
mechanism of drug release—was used to further analyze the drug release data.
Regression analysis was performed on the plots of the aforementioned models, and the
linear curves that were produced were used to compute the regression coefficient (r2)
values.

HPLC analysis: HPLC was used to look at the drug content that was discharged. In
short, samples were diluted with the same volume after 25 L of the solvent system was
introduced into the column. The C18 column was utilized. The mobile phase consisted
of a ratio of methanol, acetonitrile, and triethylamine phosphate buffer, with a flow rate
of 1 mL/min. The sample ran for around ten minutes.

Mucoadhesion study: Using ocular films applied to a freshly sliced sheep eyelid, the
mucoadhesion time was measured (in triplicate). Using a fingertip, a light push was
applied for 20 seconds to adhere the ocular film to the mucosal surface of the eyelid that
was fixed on the bottom of a beaker. At room temperature, 100 mL of bicarbonate Ringer
solution pH 7.4 was added to the beaker, which was then agitated at 150 rpm. The
amount of time required for the film to fully separate from the mucosal surface was known
as the mucoadhesion time.

Size distribution analysis: The average formulation droplet size and the polydispersity
index (PDI) were measured at room temperature without sample filtering using a
Zetasizer (Malvern, Nano ZSP). The apparatus used a 635 nm laser, and light scattering
at a 173° angle was measured using backscattering technology, commonly referred to
as NIBS (Non-Invasive Back-Scatter). Every measurement was taken three times to
ensure accuracy.

Products Associated with Immunity

By using the cowpox virus as a vaccine to shield people from smallpox virus infections,
Edward Jenner popularized the idea of vaccination in the late 1700s. Over the course of
the following 200 years, vaccinations were created to protect against a variety of bacterial
and viral infections.

Effective immunization against infectious diseases is without a doubt the most
effective way to lessen the misery that bacterial, viral, and parasite infections inflict in
both humans and animals. The technology used to research and produce vaccines has
not changed much in the past 200 years.

This often entails either a live pathogen with decreased virulence or a deceased
pathogen mixed with an adjuvant. Despite the fact that vaccinations against dead and
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attenuated viruses have been incredibly successful over the years, many of them do not
offer adequate protection, and they have a variety of other drawbacks. Furthermore,
attempts to create effective vaccinations using conventional methods failed to produce
vaccines against certain significant infections.

Bacterial antigens (surface, internal, or fimbria proteins; bacterial polysaccharides;
bacterial toxins; and other proteins involved in bacterial metabolism) and protective viral
antigens (envelope and/or capsid proteins or glycoproteins and other viral proteins) have
been identified as possible vaccine candidates. Several strategies are employed to
create efficient vaccinations using these protective antigens. In addition to infectious
disorders, vaccination technology has demonstrated promise in the treatment of cancer,
reproduction, and the regulation of animal productivity.

The study of the immune system is known as immunology. The immune system is an
organism's defense mechanism that guards against infection and microorganisms that
cause disease. It is made up of numerous biological structures and functions. The
process of making someone immune or resistant to an infectious disease is known as
immunization, and it usually involves giving them a vaccine.

Traditional Vaccines

Inactivated vaccines: Vaccines may contain pathogenic organisms that have been
rendered inactive. As long as the organisms are easily cultivated, this is the most
straightforward method of producing vaccines. As a result, this approach is frequently
used to evaluate a possible vaccination first. Pathogenic organisms can be inactivated
in a variety of ways, but the most popular ones include heat, g-irradiation, and chemical
treatment (propiolactate, formalin, or formaldehyde). The process of inactivation may
occasionally increase the antigenicity of certain antigens that are crucial for defense.

After several inoculations, inactivated vaccines typically produce a strong humoral
immune response. Inactivated vaccines may offer only a limited level of protection
against intracellular and mucosal infections because they generally do not elicit efficient
mucosal and cell-mediated immune responses.

If the harmful organisms are not fully rendered inactive, illness rather than protection
may ensue. Some poliovirus vaccination lots from the 1950s weren't fully inactivated.
Since the techniques for identifying residual infectivity are now more rigorous, inactivated
vaccinations are regarded as safe and have a very low risk of infection.

Live Attenuated Vaccines: Attenuated organisms generally serve as live viral vaccines,
but in certain situations, virulent organisms may also be employed, so long as they are
not given through the natural pathway of infection. Human adenovirus types 4 and 7, for
instance, can protect against acute respiratory infections in humans when taken orally in
enteric-coated capsules, but they can also cause them when taken orally orally.
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Serum, also known as SERA, is the transparent, pale yellow fluid that separates from
the clot after blood coagulation. Sera are free of poisons and germs. In another animal,
it contains anti-formed. Sera gained immunity right away and stayed for a brief period of
time. Serum is a general combination that is acquired after centrifugation, but whole
blood is collected from a specific animal by immunization.

Serum - Plasma - Clotting factor

Antitoxic Sera: Sera can have antiviral, antibacterial, or anti-toxic properties. Antiviral
and antibacterial serums are less effective than anti-toxic serums.

A particular antitoxic antibody is present in the sterile, nonpyrogenic solution known
as diphtheria antitoxin.

They neutralize the toxin generated by the preparation of C-diphtheria from a healthy
horse.

The pathogenic bacterium that causes diphtheria is Corynebacterium diphtheriae.

Vaccine: To promote protection against one or more diseases, a vaccine is an antigenic
material made from the disease's causative agent or a synthetic equivalent. It contains
poisons, weak bacteria, or dead microorganisms.

Vaccines contain live or killed microorganisms, bacterial toxoids, or antigenic material
from specific parts of bacteria, rickettsia, or virus. They are preparations of antigenic
materials that are administered with the goal of inducing in the recipient-specific and
active immunity against infectious microorganisms or toxins produced by them. The
vaccine stimulates the body to produce antioxidants.

Vaccines come in a variety of forms, including inactivated, live-attenuated, messenger
RNA (mRNA), subunit, recombinant, polysaccharide, and conjugate vaccines, toxoid
vaccines, and viral vector vaccines.

Toxoid Vaccines: When bacteria attack the body, they release toxins, which are
poisonous proteins. We want to protect against the toxins, not the bacteria, because the
immune system recognizes them in the same way that it recognizes other antigens on
the bacteria's surface and can mount an immune response to them. Some vaccines
contain inactivated versions of these toxins, which are called "toxoids" because they
resemble toxins but are not poisonous and cause a powerful immune response.

Vaccines Using Recombinant Vectors

Viral vectors: A vaccine-delivery system that can produce both a systemic immune
response and protective mucosal immunity in the form of secretory IgA antibodies is
crucial for developing an effective vaccine strategy for protection against mucosal
pathogens, such as respiratory and enteric viruses. The route of vaccine delivery also
has a significant impact on the type of immunity that is induced.
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Numerous viruses have shown significant promise as vectors for antigen delivery at
mucosal surfaces, including adenoviruses, poxviruses, herpesviruses, picornaviruses,
togaviruses, orthomyxoviruses, paramyxoviruses, and others. By altering the viral capsid
or envelope protein, the virus surface can express immunogenic foreign epitopes.

Vaccination-challenge studies in experimental animals have shown moderate to
complete protection against a wide range of foreign viral antigens expressed in viral
vectors, and immunization with such vectors results in the expression of foreign viral
antigens similar to that of natural infection without causing disease; antigenic peptides
are expressed along with major histocompatibility (MHC) class | and class Il antigens,
resulting in both humoral and cytotoxic T-cell responses.

Bacterial Vectors: Attenuated bacteria can be created as vectors for foreign gene
expression and delivery in order to create multivalent vaccinations, much as viral
expression vectors. By altering flagella, fimbria, or cell surface proteins, bacteria can
express immunogenic foreign epitopes on their surfaces. It has been shown that the M.
Strong humoral and cell-mediated immunity are both induced by the bovis BCG strain.
As a result, it was created as a delivery vector based on the idea that M would express
foreign proteins. Inoculated individuals will also develop a robust protective
immunological response in response to bovis. Attenuated strains of Vibrio and
Salmonella were created as mucosal delivery vectors because these bacteria colonize
in the digestive system.

Gene-deleted Vaccines: A large number of attenuated vaccines are produced by
randomly altering the genomes of different pathogens. Back mutations can cause
attenuated organisms to restore their virulence in circumstances where these random
mutations could be point mutations. Numerous infections have one or more virulence-
causing genes identified as a result of our growing understanding of the molecular basis
of virulence. Genes linked to nucleic acid replication and other structural and
nonstructural elements of the organism may be among the genes linked to virulence.
This has enabled the deletion of one or more of these virulence-related genes, which is
another tactic to create safer attenuated vaccines.

Subunit Vaccines: One or more immunogenic proteins, epitopes, or other elements of
a pathogenic organism make up a subunit vaccine. Peptide vaccines are immunogenic
epitopes that can be chemically synthesized.

For instance, peptide vaccine candidates against the virus that causes foot-and-
mouth disease. One or more immunogenic proteins, such as those found in bacterial cell
walls, flagella, or pili, or the viral envelope, capsid, or nucleoproteins, may be isolated by
disrupting the pathogen. It can occasionally be difficult and costly to isolate such
components in refined form.
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Plant synthesis of immunogenic antigens: Over the last ten years, great strides have
been achieved in the stable integration and expression of a large number of genes in
plant cells, leading to the development of new plants for both industrial and agricultural
applications. The implanted genes improve agricultural productivity, increase tolerance
to drought, salt, and frost, and impart resistance to insect diseases and herbicides.
Genetic engineering-induced improvements in plant characteristics will surely have a
significant effect on agricultural output. Nonetheless, it has been calculated that the use
of plants as bioreactors to create high-value goods like industrial enzymes, vaccines,
and other medications will account for the majority of the economic benefits of plant
biotechnology (more than 90%).

Anti-idiotypic Vaccines: Using anti-idiotype antibodies as vaccines is an additional
strategy for eliciting a protective immune response. The variable (V) section of an
antibody's binding site contains distinct sequences called "idiotypic determinants." Some
of these idiotypic determinants comprise the antibody's antigen-binding site (paratope).
A paratope is the portion of the antibody that binds to the antigen. Anti-idiotypic
antibodies are antibodies to a particular paratope of an idiotype that mimic the epitope
of the immunizing antigen.

DNA Vaccines: A novel method in the field of recombinant vaccine creation has been
introduced by immunizing mammalian hosts with plasmid DNA that contains a gene
controlled by a heterologous promoter. The gene of interest is expressed once cells
absorb the added DNA. The host immune system recognizes the foreign antigen-
expressing cells, which triggers humoral and cell-mediated immunological reactions.
DNA vaccines are also known as nucleic acid (NA) vaccines or polynucleotide
vaccinations. These vaccines seem to offer the main benefits of both inactivated and
attenuated vaccinations, but without any of their known drawbacks. The immunological
response produced by NA vaccinations is comparable to that of live attenuated vaccines.
Additionally, they offer a level of safety comparable to that of inactivated vaccines, but
without the evident negative effects of adjuvants or proteins originating from animals.

Adjuvants are substances that improve the immune system's reaction to antigens
when given in conjunction with them. An increase in antigen-specific antibody levels in
blood and/or mucosal secretions, a reaction against a greater number of epitopes, an
increase in cell-mediated immune responses, or a combination of these can all be
indicators of this higher immunogenicity.

Subunit vaccines and other adjuvants are especially crucial for generating immune
responses that are protective against weak immunogens. Although the exact methods
by which adjuvants increase the immunogenicity of antigens are unknown, they include
immunostimulation, modified antigen processing, and prolonged antigen release (depot
effect). A different kind of immune response is obtained when antigens are administered
orally, and this has different delivery needs.
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Immunostimulation: The immune system is separated into two parts: the innate
immune system, which consists of dendritic cells, neutrophils, macrophages, and soluble
components such the complement system, and the adaptive immune system, which
consists of B and T cells. The activation of the adaptive immune system depends heavily
on the innate immune system. Dendritic cells are antigen-presenting cells that activate
T-cells and potentially B-cells by integrating signals from the innate immune system. The
peptides presented by MHC | molecules (CD81 cytotoxic T-cells) and MHC Il molecules
(CD41 T helper cells) are recognized by antigen-specific receptors on T-cells. It is not
enough to engage the antigen-specific T-cell receptor; T-cells also require costimulatory
signals that are supplied by CD28 and CD40 ligands.

Modified antigen processing: The majority of T-cells with the a-b-T-cell receptor are
unable to identify and respond to intact proteins. Rather, the T-cells identify tiny peptides
that are connected to MHC | and MHC Il molecules that are produced from proteins.
CD81 T-cells recognize the MHC I-linked peptides, which are produced in the cytoplasm
(endogenous route). The proteasome, a complex of proteolytic enzymes, breaks down
proteins in the cytoplasm. The peptides are then carried into the rough endoplasmic
reticulum, where they bind to MHC | molecules.

Sustained antigen release: It has been hypothesized that a robust immune response
can be elicited by the gradual and continuous release of antigens, which keeps the
immune system activated. This could help mineral oils and adjuvants based on aluminum
have an adjuvant effect. The development of vaccinations that release antigens from a
depot at specific intervals following a single injection might be made possible by newer
technology. The encapsulation of antigens in poly PLGA microspheres is one example.
The release of antigens can be altered by changing the microspheres' size and polymer
composition. Multiple PLGA microsphere variations can be combined in a single vaccine
dosage to achieve pulsatile release of antigen.

Aluminum: Aluminum hydroxy phosphate or aluminum oxyhydroxide are the two types
of aluminum adjuvants used in human immunizations. Aluminum-based vaccines are
made by either combining antigen with alum (potassium aluminum sulfate), which causes
precipitation, or by adsorbing antigen on commercial aluminum hydroxide or aluminum
phosphate gels. The chemical and physical characteristics of the alum-precipitated
adjuvants are similar to those of aluminum phosphate. The aluminum adjuvants’
adsorptive ability is influenced by their shape and surface charge. The pH, the ionic
strength of the antigen solution, and the antigen's isoelectric point all affect the rate and
extent of adsorption.

Saponins: It has long been recognized that the Quillaja saponaria Molina tree's bark
contains saponins that have immunostimulatory properties. Quil A, a partly purified
component, is utilized in animal vaccinations due to its stronger adjuvant activity and
decreased toxicity. It is possible to further fractionate Quil A into fractions with varying
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levels of toxicity. A less harmful ingredient with potent adjuvant properties is QS-21. The
immune system is most likely directly stimulated by saponins. Both humoral and cell-
mediated immune responses are triggered by them. QS-21 triggers cytotoxic T-cell
responses by processing and presenting protein antigens through the MHC | pathway.
QS-21 promotes the generation of type 1 cytokines, according to cytokine analysis.

Treatments that modify immune response in a way that is not unique to any one
antigen are referred to as immunomodulation. While immune response suppression is
required in cases of incorrect or overactive immune response, such as allergies and
autoimmune ilinesses, immune response enhancement is desirable in the treatment of
neoplastic diseases and chronic infectious diseases. Numerous medical interventions
have an impact on immune system function. Current immunosuppressive medications
have a wide range of actions, which can result in unfavorable side effects. Developing
therapies that specifically boost or inhibit immune responses is the goal of this field's
research. Targeting costimulatory molecules and using CpG DNA and cytokines are
some of the more recent therapy methods.

Costimulation: Two signals are necessary for T-cell activation. The T-cell receptor's
identification of the MHC/peptide combination provides the first signal. Until the T-cell
receives a second costimulatory signal, this does not cause the T-cell to proliferate and
differentiate. Although a number of costimulatory signals have been discovered, the
primary one seems to be caused by T-cell CD28 binding to antigen-presenting cell B7
molecules.

CpG DNA: Compared to vertebrate DNA, bacterial DNA has a greater amount of the
CpG dinucleotide and is not selectively methylation. The immune system is strongly
stimulated by the unmethylated CpG DNA sequences. CpG DNA is a strong inducer of
type 1 immune responses because it causes macrophages and dendritic cells to secrete
more IL-12.

Cytokines: These molecules are important modulators of the inflammatory and
immunological responses and may be therapeutic targets. However, the cytokine
system's pleiotropy and redundancy, as well as the majority of cytokines' brief half-lives
and limited spectrum of activity, are significant drawbacks. Despite these drawbacks, a
lot of work goes into creating chemicals that either inhibit or increase a particular
cytokine's function.

Subcutaneous injections of natural or recombinant interferon-b have been shown in
clinical trials to lower the exacerbation rate of relapsing-remitting multiple sclerosis (128,
129). It has not been established how interferon-b works. In vitro, interferon-b promotes
the release of IL-10 and decreases the synthesis of tumor necrosis factor-a. One
proinflammatory cytokine that may be involved in multiple sclerosis demyelination is
TNF-a. IL-10 inhibits TNF-a synthesis and macrophage activity. Furthermore, interferon-
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b may lessen leukocyte entrance into the central nervous system, which is a crucial part
of the inflammation that results in multiple sclerosis plaques.

Inhibitors of tumor necrosis factor-a: TNF-a is a cytokine that has a variety of biological
effects. Many of the body's cells manufacture it as a transmembrane precursor molecule.
After being broken down by the TNF-a-converting enzyme, it forms trimeric aggregates
that attach to the TNF-receptor (TNFR) | or Il, which are expressed in a wide variety of
cell types. TNF-a activity can be inhibited by enzymes cleaving the extracellular domains
of the TNFR, which stop TNF-a from attaching to cell-bound receptors.

Challenges for Upcoming Vaccine Formulations: A new generation of vaccines and
other pharmaceutical products is being developed thanks to recent developments in
microbial pathogenesis, immunology, genetic engineering, plant genetics, and
expression vector technology. We now have new methods to increase the
immunogenicity of nucleic acids or subunit antigens through their controlled release and
decreased degradation because to advancements in delivery systems.





