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CHAPTER 5: Evaluation, Quality and Translation
of NDDS

Learning objectives
After studying this chapter, the student will be able to:

1 Explain what Quality by Design (QbD) means and define QTPP, CQAs and CPPs in simple words.

2 Name the main characterization tests for nanosystems (particle size, zeta potential, SEM/TEM, in-vitro
release, PAMPA, Caco-2) and say what each test tells us.

3 Describe the basics of non-clinical evaluation — PK/PD modelling, biodistribution and nanomaterial
toxicology.

4 Outline the regulatory pathways for NDDS (505(b)(2), complex generics, ICH Q8–Q10, EMA pathways)
as concepts.

5 Retell the nine case studies and compare the six nanosystems in a table.

6 Define precision medicine and explain how it differs from the old "one-size-fits-all" approach.

7 Solve simple numericals on entrapment efficiency, drug loading and clearance.

Definitions
• NDDS (Novel Drug Delivery System): A new, smarter way of delivering a drug to the body — for

example, drug packed inside tiny fat bubbles (liposomes) so it reaches the right place slowly and
safely. "Novel" = new/innovative.

• Evaluation: Testing a formulation step by step to check whether it is safe, stable and works as
intended.

• Preformulation: The early study of the drug's own properties (solubility, stability, particle size of the
powder) BEFORE the formulation is made. Think of it as "knowing your ingredients before you cook."

• Quality by Design (QbD): A way of building quality INTO the product from the start by understanding
the process, instead of only testing quality at the end. Opposite of the old "make it, then test it" habit.

• QTPP (Quality Target Product Profile): A written wish-list of what the final product must be — who it
is for, how it is given, how much drug it carries, how stable it must be. It is the "dream description" of
the product.

• CQA (Critical Quality Attribute): A product property that MUST be correct for the product to be safe
and effective — e.g., particle size, drug content, sterility. If a CQA goes wrong, the product fails.

• CPP (Critical Process Parameter): A manufacturing step/setting that MUST be controlled because it
changes a CQA — e.g., mixing speed, temperature, homogenisation pressure.

• Characterization: Measuring and describing a formulation's properties (size, charge, shape, release
speed) so we know exactly what we made.
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• Biodistribution: Where the drug (or nanocarrier) goes inside the body after it is given — which organs
it reaches and how much stays in each.

• Pharmacokinetics (PK): What the BODY does to the DRUG (absorption, distribution, metabolism,
excretion). Memory hook: "PK = body's effect on drug."

• Pharmacodynamics (PD): What the DRUG does to the BODY (the effect — e.g., lowering blood sugar).
Memory hook: "PD = drug's effect on body."

• Toxicology: The study of harmful/poisonous effects of a substance and the doses at which they
appear.

• Translational research: Carrying an idea from the laboratory bench to the patient's bedside —
"bench to bedside."

• Precision medicine: Treatment designed for a specific patient or patient group based on their genes,
lifestyle and disease details — the opposite of "same tablet for everyone."

Terminology
Term Meaning in very simple words

Design space The safe range of process settings (temperature, speed, time)
inside which the product always comes out good. Like the "safe
cooking zone" of a recipe.

Risk assessment Listing what could go wrong in manufacturing and deciding
which risks matter most.

PAT (Process Analytical Technology) Tools that check quality DURING manufacturing (not after) —
e.g., sensors measuring particle size while mixing.

Particle size The diameter of the tiny drug carriers, usually in nanometres
(nm). 1 nm = one-billionth of a metre.

PDI (Polydispersity Index) A number (0 to 1) telling whether all particles are nearly the
same size (low PDI = uniform) or mixed sizes (high PDI).

Zeta potential The electric charge on the surface of particles in a liquid. High
charge (positive or negative) keeps particles apart so they do
not clump.

SEM (Scanning Electron Microscopy) A microscope using electrons to photograph the SURFACE
shape of particles.

TEM (Transmission Electron Microscopy) A microscope using electrons passing THROUGH the sample to
see the INSIDE structure of particles.

In-vitro release testing Measuring how fast the drug comes out of the formulation in a
glass beaker/lab set-up (in glass = in-vitro), before animal or
human testing.

PAMPA Parallel Artificial Membrane Permeability Assay — a lab test
using an artificial membrane to predict whether a drug can
cross biological membranes.

Caco-2 Human intestinal cells grown in the lab, used to predict how
well a drug will be absorbed from the gut.

505(b)(2) A US regulatory pathway that lets a company use some
already-known safety data (from the FDA's earlier findings)
instead of repeating every study. Concept only — details as per
the latest guidelines.
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Term Meaning in very simple words

Complex generic A generic copy of a complex product (like a liposome or inhaler)
where "sameness" is hard to prove, so extra studies are
needed.

ICH International Council for Harmonisation — writes common
quality guidelines used by regulators in many countries.

Liposome A tiny bubble made of phospholipid layers (like the cell
membrane) carrying drug inside or in its wall.

Niosome Like a liposome, but made from non-ionic surfactants
(Span/Tween) instead of phospholipids — usually cheaper and
more stable.

Transferosome An ultra-flexible, deformable vesicle that can squeeze through
skin pores — used in transdermal delivery.

SLN (Solid Lipid Nanoparticle) A nanoparticle with a SOLID fat/lipid core carrying the drug.

Dendrimer A tree-like, highly branched molecule with many ends where
drug molecules can be attached.

Depot injection A long-acting injection (often intramuscular) that releases drug
slowly over weeks or months.

Chronotherapy Giving the drug at the right TIME of day to match the body's
daily rhythm (e.g., blood pressure medicines timed for
early-morning BP surge).

Explanation

5.1 Preformulation — knowing the drug before formulating
Technical concept: Preformulation is the systematic study of the physicochemical properties of the drug
substance before it is combined with excipients.

Simple explanation: Before a tailor stitches a shirt, he measures the person. Preformulation is
"measuring the drug": How well does it dissolve in water? Does heat destroy it? Does light change its
colour? What is the powder's particle size? The answers decide which NDDS is even possible — a drug
destroyed by stomach acid needs an enteric or colon-targeted system, not a plain tablet.

Example: A new anticancer drug dissolves very poorly in water (like sand in water). Preformulation tells us
this early, so we choose a liposome or solid-lipid nanoparticle instead of wasting months on a simple
tablet.

Key takeaway: Preformulation answers "what kind of drug is this?" before we ask "what formulation
should we make?"

5.2 Quality by Design (QbD) — building quality in, not testing it in
Technical concept: QbD is a systematic development approach that starts with predefined objectives
(QTPP), identifies CQAs and CPPs through risk assessment, and defines a design space where the process
consistently delivers quality.

Simple explanation: The old way: bake the cake, then taste it; if bad, throw it away. The QbD way:
understand the recipe so well (exact oven temperature range, mixing time range) that every cake comes
out good. Quality is DESIGNED into the process, not inspected into the product at the end.
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The QbD chain (memorise this order):

1 QTPP first — write the dream product profile (e.g., "a sterile liposomal injection, 100 nm size, 6-month
stability at 2–8 °C, for fungal infections").

2 Find the CQAs — from the QTPP, list the properties that must be right (particle size, drug entrapment,
sterility, release rate).

3 Find the CPPs — through experiments and risk assessment, find which process settings affect the
CQAs (homogenisation pressure affects particle size; lipid-to-drug ratio affects entrapment).

4 Define the design space — the proven safe ranges of CPPs.

5 Control strategy + PAT — monitor the CPPs during manufacturing so every batch stays inside the
design space.

Example: For a liposome batch, QTPP says "size below 150 nm". Experiments show homogenisation
pressure is the CPP controlling size (a CQA). The design space might be "pressure 800–1000 bar, 5–7
cycles". PAT sensors check size during production.

Key takeaway: QTPP = the goal; CQAs = what must be right in the product; CPPs = what must be
controlled in the process.

5.3 Characterization — how we "see" the invisible
Because NDDS particles are too small for the naked eye or ordinary microscopes, we use special tools.
Each tool answers one question:

• Particle size (by DLS — Dynamic Light Scattering): "How big are the particles?" Shines laser light on
the sample; the way light scatters tells the average size. Target for most nanomedicines: roughly
50–200 nm (small enough to travel in blood, big enough to carry drug).

• PDI: "Are they all the same size?" PDI below ~0.3 generally means a uniform, well-made batch (general
rule of thumb, not a pharmacopoeial limit).

• Zeta potential: "Will they clump or stay separated?" Values strongly positive or strongly negative
(roughly beyond ±30 mV as a rule of thumb) mean particles repel each other and the suspension stays
stable.

• SEM: "What does the surface look like?" — photographs of spheres, rods, or broken particles.

• TEM: "What is inside?" — shows whether the liposome wall is complete, whether drug crystals sit
inside the core.

• In-vitro release testing: "How fast does the drug come out?" The formulation is placed in a buffer
(often in a dialysis bag) and samples are taken over hours/days. A good NDDS shows controlled,
sustained release — not dumping all drug at once (that is called "dose dumping" and is dangerous).

• PAMPA: "Can the drug cross membranes?" An artificial oil-soaked membrane predicts passive
permeability quickly and cheaply.

• Caco-2 permeability: "Will the gut absorb it?" Human intestinal cells grown as a layer; drug is placed
on one side and measured on the other. More realistic than PAMPA, but slower and costlier.
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Key takeaway: Size, charge, shape, release speed and permeability — these five answers together
describe any nanosystem.

5.4 Non-clinical evaluation — testing before humans
Technical concept: Before human trials, an NDDS is tested in animals and computer models for PK/PD
behaviour, biodistribution and toxicology.

Simple explanation:

• PK/PD modelling: Using mathematics and computers to predict "how much drug reaches the blood
and what effect it gives" from early data. It helps choose the right dose for the first human trial without
guessing.

• Biodistribution studies: The labelled nanocarrier is injected into animals, and scientists measure how
much reaches the liver, kidney, tumour, brain, etc. For a cancer-targeted liposome, we want HIGH drug
in the tumour and LOW drug in the heart (many anticancer drugs damage the heart).

• Toxicology of nanomaterials: Tiny particles behave differently from normal powders — they can
enter cells more easily and stay longer in the body. So scientists specially check: does the carrier itself
cause harm? Does it accumulate in organs? Does the body clear it fully?

Key takeaway: Non-clinical evaluation answers three questions: where does it go (biodistribution),
what does it do (PK/PD), and does it harm (toxicology) — all BEFORE humans receive it.

5.5 Regulatory pathways — the road from lab to market (concepts)
• 505(b)(2) (US): Normally a new drug needs full safety/efficacy studies. The 505(b)(2) pathway lets a

company refer to the FDA's previous findings for a known drug and add only the NEW studies needed
for the NEW delivery system. Example idea: an old drug in a new liposome — you don't re-prove the
drug works, you prove the liposome delivers it safely. (Concept only; exact requirements as per the
latest guidelines — confirm the current edition.)

• Complex generics: Copying a simple tablet is easy; copying a liposome, a transdermal patch or an
inhaler is hard because tiny manufacturing differences change performance. Regulators ask for extra
proof of "sameness" — this is the complex-generics concept.

• ICH Q8 (Pharmaceutical Development): Covers HOW a product should be developed systematically
— this is where QbD lives.

• ICH Q9 (Quality Risk Management): Covers HOW to assess and control risks to quality.

• ICH Q10 (Pharmaceutical Quality System): Covers the overall quality SYSTEM a company must run
across the product's whole life.

• EMA pathways: Europe's regulator (EMA) has its own routes such as the centralised procedure for
innovative medicines — the concept is the same: prove quality, safety and efficacy, with extra attention
for novel/complex products. (Confirm the current edition for details.)
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Key takeaway: Regulators don't block NDDS — they ask for proof matched to the product's
complexity: simple product, simple proof; complex product, deeper proof.

Classification

A. Characterization tests — what each test measures

Category Test What it tells us

Size DLS (particle size + PDI) Average size; uniformity of the batch

Charge Zeta potential Stability against clumping

Shape/structure SEM Surface shape

Shape/structure TEM Internal structure

Performance In-vitro release Speed and pattern of drug release

Permeability PAMPA Passive membrane-crossing ability

Permeability Caco-2 Gut-absorption prediction

B. Case studies in this chapter (9 stories in the syllabus)
1 Liposomal amphotericin B (fungal infections)

2 mRNA–lipid nanoparticle vaccines (COVID-19 vaccines)

3 Depot antipsychotic injections (risperidone microspheres)

4 Transdermal HRT patch (hormone replacement therapy)

5 Ocular inserts for glaucoma

6 Oral colon-targeted therapy for IBD (inflammatory bowel disease)

7 Inhalable insulin (diabetes)

8 Dendrimers for targeted cancer therapy

9 Chronotherapeutic delivery in hypertension

C. ICH Q8–Q10 — one-line classification

Guideline Covers

ICH Q8 Pharmaceutical DEVELOPMENT (how to develop the product —
QbD home)

ICH Q9 Quality RISK MANAGEMENT (finding and controlling risks)

ICH Q10 Pharmaceutical QUALITY SYSTEM (the company's overall quality
system for the product's life)

Mechanisms

6.1 How drugs release from NDDS — four basic mechanisms
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1. Diffusion-controlled release. The drug slowly moves (diffuses) through the polymer/lipid wall from
high concentration (inside) to low concentration (outside) — like smell spreading from an open perfume
bottle. Most liposomes and matrix tablets work this way. Release slows with time as the inside
concentration falls.

2. Erosion/degradation-controlled release. The carrier itself breaks down (e.g., PLGA polymer degrades
in body fluids) and frees the drug as it erodes — like a sugar cube melting in tea, releasing sweetness as it
shrinks. PLGA microspheres (depot injections) work this way.

3. Osmosis-controlled release. Water enters through a semi-permeable membrane, builds pressure
inside, and pushes the drug out through a tiny hole at a constant rate — like squeezing toothpaste
through a small opening at steady pressure. Gives near-constant (zero-order) release.

4. Swelling-controlled release. A dry polymer swells in body fluids, opening up pores through which the
drug escapes — like a dry sponge swelling in water and releasing what was trapped inside. Many
hydrogels and in-situ gels work this way.

DIFFUSION:      [drug] >>> wall >>>  (slow leak outward, slows with time)
EROSION:        [carrier breaks] ---> drug freed as carrier melts away
OSMOSIS:        water IN ---> pressure builds ---> drug pushed OUT (steady rate)
SWELLING:       dry polymer + fluid ---> swells ---> pores open ---> drug escapes

6.2 How a liposome delivers drug (mechanism sketch)

Step 1: Liposome (drug hidden inside the bubble) travels in blood.
Step 2: It reaches the target tissue (e.g., leaky blood vessels near infection/tumour).
Step 3: The lipid wall fuses with the cell membrane OR breaks down slowly.
Step 4: Drug is released exactly where needed; less drug reaches healthy organs.
Result: same drug, fewer side effects.

6.3 How an mRNA–LNP vaccine works (mechanism sketch)

Step 1: mRNA (the "instruction slip") is packed inside a lipid nanoparticle (LNP).
        (Naked mRNA would be destroyed in seconds — the LNP is its bodyguard.)
Step 2: After injection, the LNP enters muscle/immune cells.
Step 3: Inside the cell, mRNA gives instructions: "make this virus protein."
Step 4: The cell makes the protein; the immune system learns to recognise it.
Step 5: mRNA degrades naturally; only the immune MEMORY remains.
Result: protection without ever using the real virus.

Key takeaway: NDDS mechanisms are just clever uses of diffusion, erosion, osmosis and swelling —
plus "hide the drug until the right place."

Diagrams and flowcharts

QbD workflow (the order to memorise)
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        +-------------------+
        | 1. Write the QTPP |  (dream product profile)
        +--------+----------+
                 |
                 v
        +-------------------+
        | 2. Identify CQAs  |  (what must be right in the PRODUCT)
        +--------+----------+
                 |
                 v
        +------------------------+
        | 3. Risk assessment     |  (what could go wrong?)
        +--------+---------------+
                 |
                 v
        +-------------------+
        | 4. Identify CPPs   |  (what must be controlled in the PROCESS)
        +--------+----------+
                 |
                 v
        +-------------------+
        | 5. Define DESIGN  |  (safe ranges of CPPs)
        |    SPACE          |
        +--------+----------+
                 |
                 v
        +-------------------+
        | 6. Control strategy|  (PAT monitoring during manufacturing)
        |    + PAT           |
        +-------------------+

From lab to patient — translation path

Preformulation --> Formulation (QbD) --> Characterization (size/charge/release)
      |
      v
Non-clinical: PK/PD modelling --> biodistribution --> toxicology
      |
      v
Regulatory pathway (505(b)(2) / complex generic / EMA route)
      |
      v
Clinical trials --> Market --> Patient (precision medicine ideal)

Vesicular nanosystems — family picture (text diagram)

LIPOSOME:        ( ( ( drug ) ) )      concentric phospholipid layers, watery core
NIOSOME:         [ [ [ drug ] ] ]      same idea, made of surfactants (Span/Tween)
TRANSFEROSOME:   ~ ~ ~ drug ~ ~ ~      wavy, ultra-flexible wall (squeezes through skin)

Infographic concepts
1 "The QbD House": Draw a house — QTPP as the foundation, CQAs as pillars, CPPs as the roof beams,

design space as the safe rooms inside, PAT as the security cameras. One picture teaches the whole
chain.

2 "Meet the Nanosystems" card deck: Six playing-card-style cards (liposome, niosome, transferosome,
polymeric nanoparticle, SLN, dendrimer) — each card shows a doodle of the structure, one-line
"superpower" and one-line "weakness".
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3 "Bench to Bedside" road map: A winding road with milestones — Preformulation → QbD →
Characterization → Animal studies → Regulatory gate → Clinical trials → Patient — with the nine case
studies as cars parked at the finish line.

Tables

Table 1: Nanosystems compared

System Made of Structure (simple) Key strength Key limitation Typical use

Liposome Phospholipids (like
cell membrane)

Bubble with watery
core

Biocompatible;
carries water- and
fat-soluble drugs

Can leak; costlier Antifungals,
anticancer,
vaccines

Niosome Non-ionic
surfactants
(Span/Tween)

Bubble like
liposome

Cheaper, more
stable than
liposomes

Less studied for
injection

Topical, oral
experimental

Transferosome Phospholipids +
edge activators

Ultra-flexible
bubble

Squeezes through
skin pores

Fragile; complex to
make

Transdermal
delivery

Polymeric
nanoparticle

Biodegradable
polymers (PLGA,
chitosan)

Solid tiny sphere or
capsule

Tunable slow
release; strong

Polymer
breakdown
products to check

Depot injections,
targeting

SLN Solid lipids Solid fat core Protects drug;
avoids organic
solvents

Drug may be
pushed out on
storage

Oral/topical
poorly-soluble
drugs

Dendrimer Branched synthetic
polymers

Tree-like with many
ends

Many attachment
points; exact size

Complex synthesis;
possible toxicity

Targeted cancer
therapy

Table 2: Characterization — technique vs question answered

Question we ask Technique What "good" looks like (general)

How big? DLS 50–200 nm for most nanomedicines; low
PDI (~below 0.3)

Will it clump? Zeta potential Strong charge (rule of thumb: beyond
±30 mV)

What shape? SEM Smooth, round, unbroken particles

What's inside? TEM Complete walls; drug inside core

How fast does drug come out? In-vitro release Controlled release; no dose dumping

Can it cross membranes? PAMPA / Caco-2 Good permeability predicts good
absorption

Table 3: Case studies at a glance

Case NDDS used Problem solved

Liposomal amphotericin B Liposome Antifungal was effective but damaged
kidneys; liposome sends more drug to
infection, less to kidneys

mRNA-LNP vaccines Lipid nanoparticle Fragile mRNA protected and delivered
into cells
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Case NDDS used Problem solved

Depot antipsychotic (risperidone
microspheres)

PLGA microspheres Daily tablets → injection every few weeks;
no missed doses

Transdermal HRT patch Transdermal patch Steady hormone levels through skin;
avoids daily tablets and first-pass
metabolism

Ocular inserts (glaucoma) Ocular insert Eye drops wash out in minutes; insert
releases drug for days

Colon-targeted IBD therapy pH/microbially-triggered oral system Drug released only in colon where the
disease is

Inhalable insulin Pulmonary carrier Needle-free insulin through the lungs

Dendrimers (cancer) Dendrimer Many drug molecules aimed at tumour
cells

Chronotherapy (hypertension) Timed-release system Drug released to match early-morning
blood-pressure surge

Worked examples and calculations

Example 1 — Entrapment efficiency (EE)
Question: 100 mg of drug was added while making liposomes. After separation, 12 mg of drug was found
free (unentrapped) in the liquid. Calculate the entrapment efficiency.

Formula: EE (%) = (Drug entrapped ÷ Total drug added) × 100

Steps:

1 Total drug added = 100 mg.

2 Free (unentrapped) drug = 12 mg.

3 Drug entrapped = Total − Free = 100 − 12 = 88 mg.

4 EE = (88 ÷ 100) × 100 = 88%.

Answer: 88%. (Higher EE = less drug wasted.)

Example 2 — Drug loading (DL)
Question: The dried nanoparticles from Example 1 weigh 500 mg in total and contain 88 mg of drug.
Calculate drug loading.

Formula: DL (%) = (Weight of drug in nanoparticles ÷ Total weight of nanoparticles) × 100

Steps:

1 Drug in nanoparticles = 88 mg.

2 Total nanoparticle weight = 500 mg.

3 DL = (88 ÷ 500) × 100 = 17.6%.

Answer: 17.6% w/w.

Example 3 — Clearance from dose and AUC (PK basics)
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Question: A 100 mg intravenous dose of a drug gives an AUC of 20 mg·h/L. Calculate clearance.

Formula: Clearance (CL) = Dose ÷ AUC

Steps:

1 Dose = 100 mg.

2 AUC = 20 mg·h/L.

3 CL = 100 ÷ 20 = 5 L/h.

Answer: 5 L/h. (The body clears drug from 5 litres of plasma every hour.)

Example 4 — Reading a PDI value
Question: Two liposome batches show PDI 0.18 and PDI 0.55. Which batch is more uniform, and why?

Steps:

1 PDI scale runs 0 to 1; lower = more uniform sizes.

2 0.18 < 0.55.

3 Therefore the PDI 0.18 batch has particles mostly the same size.

Answer: The batch with PDI 0.18 is more uniform.

Analogies
• QbD vs old way: Old way = "bake first, taste later"; QbD = "master the recipe so every cake is good."

• QTPP: The "matrimonial ad" for your dream product — age, height, qualities all listed before the
search begins.

• Liposome: A "lunchbox" (lipid wall) carrying the "tiffin" (drug) safely to school (target organ).

• mRNA-LNP: A secret message (mRNA) inside a bulletproof envelope (LNP) — the envelope is
destroyed after delivery, but the message has been read.

• Dendrimer: A Christmas tree — one trunk, many branches, and you can hang many gifts (drug
molecules) on the branches.

• Transferosome: A person squeezing through a crowded local-train door — flexible enough to pass
where rigid passengers cannot.

• Zeta potential: Like two magnets with the same poles facing — they push each other away, so
particles never meet and clump.

• Chronotherapy: Watering plants at sunrise instead of noon — same water, better result, because
timing matches nature's rhythm.

• Depot injection: A "fixed deposit" of drug in the muscle — money (drug) released slowly over months
instead of spending it all on day one.

Pharmacy relevance
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• The pharmacist is often the first person to explain to a patient WHY their new injection works
differently — e.g., why a depot antipsychotic is given every few weeks instead of daily tablets (better
compliance, steadier levels).

• Pharmacists handle cold-chain products (many liposomes and LNP vaccines need 2–8 °C); knowing
characterization basics helps them respect storage labels.

• In hospital pharmacy, understanding biodistribution helps explain side-effect differences — e.g., why
liposomal amphotericin B is kinder to kidneys.

• QbD thinking helps pharmacists in industry roles: every batch record they sign is really a check that
CPPs stayed inside the design space.

• Counselling point: "No dose dumping" means patients must never chew, crush or split a
controlled-release NDDS product.

India context
• India is often called the "pharmacy of the world" for generics; complex generics (liposomes, inhalers,

patches) are the next frontier where Indian companies are investing — this chapter's regulatory
concepts are directly career-relevant.

• NDDS regulation in India flows through the national drug regulator; because rules for nanomedicines
are still evolving, the standing caution applies: follow the latest guidelines and confirm the current
edition before quoting any requirement.

• Liposomal amphotericin B became widely known in India during the mucormycosis ("black fungus")
cases seen alongside COVID-19 — a real example of why targeted delivery matters.

• Cold-chain gaps in rural India make thermostable NDDS (e.g., niosomes, dry-powder inhalers)
especially valuable — a formulation that survives without deep freezing serves more patients.

• Precision medicine in India is growing through cancer hospitals using genetic testing to choose
therapy — pharmacists will increasingly interpret such test-based prescriptions.

Key points
1 QbD = quality built in by design; order: QTPP → CQAs → risk assessment → CPPs → design space →

control strategy/PAT.

2 QTPP describes the dream product; CQAs are product properties that must be right; CPPs are process
settings that must be controlled.

3 Characterization answers: size (DLS), uniformity (PDI), stability (zeta potential), shape (SEM), inside view
(TEM), release (in-vitro), permeability (PAMPA/Caco-2).

4 Non-clinical evaluation = PK/PD modelling + biodistribution + toxicology, all before human trials.

5 505(b)(2) lets applicants use prior known data plus new studies; complex generics need extra proof of
sameness; ICH Q8 = development, Q9 = risk management, Q10 = quality system.

6 Nine case studies show NDDS solving real problems: kidney-safe antifungal, mRNA vaccines, depot
antipsychotics, HRT patch, glaucoma inserts, colon-targeted IBD therapy, inhaled insulin, dendrimer
cancer therapy, timed hypertension therapy.
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7 Six nanosystems: liposomes, niosomes, transferosomes, polymeric nanoparticles, SLNs, dendrimers —
each with its own structure, strength and weakness.

8 Precision medicine = right drug, right dose, right patient, right time — replacing one-size-fits-all.

Common confusions
• QTPP vs CQA: QTPP is the whole dream profile (a document); CQAs are the specific must-be-right

properties listed inside it. QTPP is the parent, CQAs are the children.

• CQA vs CPP: CQA belongs to the PRODUCT (size, drug content); CPP belongs to the PROCESS (mixing
speed, temperature). Students often swap them.

• SEM vs TEM: SEM = surface photo; TEM = inside view. "S for Surface, T for Through."

• PAMPA vs Caco-2: PAMPA uses an artificial membrane (fast, cheap, passive diffusion only); Caco-2
uses living human gut cells (slower, costlier, more realistic).

• Liposome vs niosome: Same bubble idea; liposome = phospholipids, niosome = surfactants
(Span/Tween).

• PK vs PD: PK = body acts on drug; PD = drug acts on body.

• 505(b)(2) is NOT a full generic pathway — it is an abbreviated route that mixes existing knowledge
with new data.

• Precision medicine is NOT only genetics — genes are one part; lifestyle, environment and disease
details also count.

Common mistakes
1 Writing "CPP" when the question asks about product properties (that's CQA) — read the question

twice.

2 Saying "zeta potential measures size" — it measures surface CHARGE/stability, not size.

3 Claiming in-vitro release alone proves the product works in humans — it is only a lab prediction;
clinical proof comes later.

4 Forgetting that nanomaterials need SPECIAL toxicology — "small size, different behaviour" must be
mentioned.

5 Mixing up ICH Q8/Q9/Q10 — remember: 8 = Development, 9 = Risk, 10 = System ("DRS": Development,
Risk, System).

6 In numericals, forgetting to subtract free drug before calculating entrapment efficiency.

7 Describing 505(b)(2) with invented section numbers or timelines — stick to the concept.

8 Calling every nanoparticle a "liposome" — name the exact system (SLN, dendrimer, niosome...) in
answers.

Mnemonics
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• QbD order — "Quite Clever Cats Purr Daily, Creating Purrs": QTPP → CQAs → Critical Process
Parameters → Design space → Control strategy + PAT. (Simpler: "Q-C-C-P-D-C" = Queen Carries Crown,
Prince Designs Crown.)

• ICH Q8–Q10 — "DRS": Q8 = Development, Q9 = Risk management, Q10 = System.

• Characterization five — "SCS RP": Size, Charge, Shape, Release, Permeability.

• SEM vs TEM — "S = Surface, T = Through."

• PK/PD — "PK = Person Kicks drug (body acts on drug); PD = Pill Does (drug acts on body)."

• Six nanosystems — "Li-Ni-Tra-Po-S-De": Liposome, Niosome, Transferosome, Polymeric
nanoparticle, SLN, Dendrimer ("Little Nila Travels Past Six Doors").

Exam summary
• Define QbD and explain the QTPP → CQA → CPP → design space chain with a flowchart (5–6 marks).

• Tabulate characterization techniques with what each measures (5 marks).

• Write short notes on: zeta potential, SEM vs TEM, PAMPA, Caco-2, in-vitro release testing (3–4 marks
each).

• Explain PK/PD modelling, biodistribution and nanomaterial toxicology as non-clinical evaluation (5
marks).

• Describe 505(b)(2), complex generics, ICH Q8/Q9/Q10 and EMA pathways as concepts (5–6 marks).

• Retell any two case studies (liposomal amphotericin B, mRNA-LNP vaccines are favourites) — story
format with "problem → NDDS → benefit".

• Compare the six nanosystems in a table (5 marks).

• Define precision medicine; contrast with one-size-fits-all; mention scope (4 marks).

• Numericals: entrapment efficiency, drug loading, clearance = dose/AUC.

One-minute revision
QbD builds quality in: QTPP (dream profile) → CQAs (must-be-right product properties) → CPPs
(must-control process settings) → design space → PAT. Characterize nanosystems by size (DLS), charge
(zeta), shape (SEM/TEM), release (in-vitro), permeability (PAMPA/Caco-2). Non-clinical = PK/PD modelling +
biodistribution + nanotoxicology. Pathways: 505(b)(2) (use prior data + new studies), complex generics
(extra sameness proof), ICH Q8 (development), Q9 (risk), Q10 (system), EMA (centralised concept). Six
nanosystems: liposome, niosome, transferosome, polymeric nanoparticle, SLN, dendrimer. Precision
medicine = right drug, right patient, right time.

MCQs
1. The correct order in QbD is: a) CPPs → CQAs → QTPP → design space b) QTPP → CQAs → CPPs → design
space c) Design space → QTPP → CPPs → CQAs d) CQAs → QTPP → design space → CPPs Answer: (b)

2. A CQA is: a) A machine setting that must be controlled b) A product property that must be correct for
safety and efficacy c) A type of microscope d) A regulatory application form Answer: (b)
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3. Zeta potential measures: a) Particle size b) Surface charge, indicating stability against clumping c) Drug
release rate d) Membrane permeability Answer: (b)

4. SEM shows: a) The inside structure of particles b) The surface shape of particles c) The drug release
pattern d) The biodistribution in animals Answer: (b)

5. Caco-2 cells are used to predict: a) Sterility b) Drug absorption across the human intestine c) Particle size
d) Endotoxin levels Answer: (b)

6. ICH Q9 covers: a) Pharmaceutical development b) Quality risk management c) Pharmaceutical quality
system d) Stability testing Answer: (b)

7. The 505(b)(2) pathway conceptually allows an applicant to: a) Skip all safety studies b) Refer to prior
known data and add only the new studies needed c) Copy any product without proof d) Avoid GMP
compliance Answer: (b)

8. Transferosomes are special because they are: a) Made of solid lipid b) Ultra-flexible vesicles that
squeeze through skin c) Tree-like branched molecules d) Made only of cholesterol Answer: (b)

9. A dendrimer looks like: a) A flat sheet b) A tree with many branches and attachment ends c) A hollow
tube d) A flat disc Answer: (b)

10. 100 mg drug added; 20 mg found free. Entrapment efficiency is: a) 20% b) 80% c) 120% d) 60% Answer:
(b)

11. Precision medicine means: a) The same tablet for every patient b) Treatment tailored using the
patient's genes, lifestyle and disease details c) Only herbal treatment d) Only surgical treatment Answer:
(b)

12. Biodistribution studies answer: a) How the drug is manufactured b) Which organs the drug/carrier
reaches and in what amount c) The price of the formulation d) The colour of the tablet Answer: (b)

Viva and application questions
1. What is QTPP in one line? Model answer: A written wish-list describing the ideal final product (patient,
route, dose, stability) before development starts.

2. Give one CQA and one CPP for liposomes. Model answer: CQA — particle size below target; CPP —
homogenisation pressure, which controls that size.

3. Why is zeta potential important? Model answer: It shows surface charge; strong charge keeps
particles repelling each other so the suspension does not clump.

4. SEM or TEM — which shows the inside of a liposome? Model answer: TEM, because electrons pass
through the sample; SEM only photographs the surface.

5. What is dose dumping and why is it dangerous? Model answer: Sudden release of the full drug
amount at once from a controlled-release product, which can cause toxicity.

6. How does an mRNA-LNP vaccine work in brief? Model answer: The LNP protects fragile mRNA,
delivers it into cells, the cell makes the viral protein, and immunity develops without the real virus.

7. Liposome vs niosome — one difference? Model answer: Liposomes are made of phospholipids;
niosomes are made of non-ionic surfactants like Span/Tween.

8. What does ICH Q10 cover? Model answer: The pharmaceutical quality system — the company's overall
quality management across the product's life.
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9. Why do nanomaterials need special toxicology? Model answer: Their tiny size lets them enter cells
and organs differently and stay longer, so standard tests may miss their risks.

10. Give one Indian example where liposomal amphotericin B mattered. Model answer: It was widely
used during the mucormycosis ("black fungus") cases seen alongside COVID-19, where kidney-safe
antifungal therapy was critical.
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