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1. Learning objectives
After studying this chapter, you will be able to:

1 Define metabolome, metabolomics, fingerprinting, profiling, dereplication, NMR, HRMS in your
own words.

2 List and explain the main tools used in metabolomics of medicinal plants.

3 Describe the principle and working of NMR and HRMS in simple terms.

4 Compare in tables: targeted vs untargeted; fingerprinting vs profiling; NMR vs HRMS.
5 Draw the metabolomics workflow flowchart, from plant sample to interpretation.

6 Describe step-by-step how dereplication avoids re-isolation of known compounds.

7 Explain how PCA groups samples in quality-control studies.

8 Discuss with examples how metabolomics is used in (a) herbal QC and (b) validation of traditional
claims.

2. Definitions

+ Metabolome — All small chemicals (metabolites) in an organism, tissue, or cell at one time.
+ Metabolomics — Study of the metabolome; comparing all small chemicals in a sample at once.
+ Metabolite — One small chemical from life processes (sugars, alkaloids, flavonoids).

+ Metabolic fingerprinting — Quick comparison of samples' overall chemical "signature", without
naming each chemical.

* Metabolic profiling — Detailed study identifying and measuring known metabolites.
+ Dereplication — Checking whether a chemical is already known, to avoid "rediscovering" it.

*  NMR — Technique using magnets and radio waves to find chemical structures.
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+  HRMS — Highly accurate instrument measuring exact molecular weights, aiding identification.
+ Chemometrics — Maths/statistics applied to large chemical data sets (grouping similar samples).

+  PCA — Compresses large data into 2D/3D plots where similar samples sit close together.

3. Terminology table

Metabolome All small molecules in a plant/part at one A menu of what the plant "cooked"
moment

Metabolomics Studying that full chemical list all at once Omics = the whole set

Metabolite One small chemical from life processes One item on the menu

Fingerprinting Quick overall signature check, no names  Matching a thumbprint

Profiling Known chemicals each identified and Reading each profile in a register
measured

Dereplication Checking "already known?" to avoid De- = undo repeated work

redoing work

NMR Magnet + radio waves reveal structure Like an MRI for molecules

HRMS Super-accurate weighing of molecules An ultra-precise balance

PCA Statistics grouping similar samples on a Sorting into teams by similarity
plot

Chemometrics Maths/statistics applied to chemical data Chemo + metrics

4. Concept-by-concept explanations

4.1 What is the metabolome? (The chemical "menu” of a plant)

The metabolome is the complete set of small chemicals (metabolites) a living plant makes — sugars,
pigments, alkaloids, flavonoids — at one moment. Just as a genome is the set of all genes, the
metabolome is the set of all small chemicals. Like a kitchen's daily menu, it changes with season, soil, and
harvest time.

Example: turmeric rhizome's metabolome includes curcumin (yellow pigment), turmerone oils, sugars,
starch; its leaves differ. Pharmacy relevance: a herbal medicine works because of these chemicals —
checking a herbal drug means seeing its whole chemical picture, not just one chemical.

4.2 What is metabolomics? (Studying the whole menu at once)

Metabolomics is the full analysis (qualitative + quantitative) of the metabolome. Instead of hunting one
chemical at a time, it measures all small chemicals in a sample in one go — the difference between
counting one tree and photographing the whole forest. To compare two turmeric powder bottles, the old
way tests only curcumin; metabolomics compares their entire chemical patterns at once.
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Indian example: ashwagandha (Withania somnifera) root powder from one region may hold more
withanolides (its active chemicals) than powder from another — metabolomics captures each batch's full
pattern and shows which is richer.

4.3 Tools of metabolomics

1 NMR — chemical structures; very repeatable; little sample preparation.
2 HRMS — exact molecular weights; extremely sensitive; detects traces.
3 Chromatography (LC, GC) — separates the mixture into individual chemicals before MS.

4 Chemometrics (PCA, PLS-DA) — statistics turning huge data tables into simple similarity plots.

Analogy: a school inspection team — chromatography sorts students class-wise, HRMS weighs each, NMR
describes each face, chemometrics writes the grouping report.

Diagram to draw: a triangle — NMR at the top (structure, non-destructive), Separation by LC/GC at
bottom-left (sorts the mixture), HRMS detection at bottom-right (exact weight, very sensitive), and
Chemometrics (PCA plots) in the centre making the data readable.

4.4 NMR in metabolomics (the magnet that "sees" molecules)

NMR detects atomic nuclei (usually hydrogen, "H) in a magnetic field with radio pulses; each chemical
environment signals at a characteristic position (chemical shift). Simply put, it is like a hospital MRI scanner
for a tiny sample in a glass tube: magnet + radio waves make hydrogen atoms "sing" — each chemical at a
different note — and the recorded spectrum of peaks reveals which chemicals are present and even their
structures.

Advantages: highly reproducible (same result worldwide), non-destructive (sample reusable), and sees all
hydrogen-containing chemicals at once. Limitation: less sensitive than MS — misses trace amounts.

Indian example: brahmi (Bacopa monnieri) extract shows characteristic bacoside peaks (its
memory-supporting chemicals); a batch lacking them is suspect.

4.5 HRMS in metabolomics (the super-precise weighing balance)

HRMS ionises molecules and measures their mass-to-charge ratio very accurately (4-5 decimal places),
giving the exact molecular formula. Simply put, it breaks chemicals into charged pieces (ions) and weighs
them with extraordinary accuracy — like a balance so fine it tells two identical-looking coins apart — so
each chemical's unique exact weight suggests its formula, helping identify new natural products.

Advantages: extremely sensitive (detects billionths of a gram); exact weight gives the molecular formula
directly; with LC, hundreds of chemicals per run. Limitation: same-weight isomers look identical to MS
alone — hence NMR is used alongside.

Indian example: neem (Azadirachta indica) leaf extract analysed by HRMS reveals azadirachtin plus
dozens of related limonoids at once, even at levels NMR would miss.

4.6 The metabolomics workflow (sample answer)
The complete path:

1 Sample collection — plant material (e.g., ashwagandha roots); note variety, place, season, harvest
time.

2 Extraction — grind; dissolve chemicals in a solvent (like methanol).
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3 Analysis (NMR/HRMS) — record spectra; each sample gives a big data table.
4 Data processing — remove noise, align peaks, normalise.
5 Multivariate analysis — PCA plots all samples; similar ones cluster.

6 Interpretation — which chemicals differ? Link to quality, origin, or activity.

Flowchart to draw:

PLANT SAMPLE
|

%
EXTRACTION (solvent pulls out chemicals)
I

%

ANALYSIS ----- > NMR (structure, fingerprint)

(LC/GC may |

separate +--> HRMS (exact weight, sensitive)
first) |

| v
% DATA PROCESSING
CHEMOMETRICS (clean, align, normalise)

(PCA) |

plots group |

similar v

samples INTERPRETATION
| (which chemicals differ?
+----> genuine or adulterated?

active or inactive?)

5. Classifications (comparison tables)

5.1 Targeted vs untargeted metabolomics

Goal Fixed list of known chemicals As many chemicals as possible

Example Only withanolides in ashwagandha Every detectable chemical in
ashwagandha root

Advantage Accurate quantities for chosen chemicals  Finds unexpected or new chemicals

Limitation Misses everything not on the list Harder to quantify; more data work

5.2 Fingerprinting vs profiling

What it does Overall pattern/signature comparison Specific known chemicals identified and
measured

Detail level Low — no names needed High — each chemical named and
measured

Use in QC "Is this batch like the genuine one?" "How much curcumin is in this batch?"

5.3 NMR vs HRMS
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What it measures Structure via magnetic signals Exact molecular weight

Sensitivity Moderate — needs more sample Very high — detects traces

Sample Not destroyed; reusable Destroyed during analysis
Reproducibility Excellent — same result worldwide Good, needs careful calibration

Best for Fingerprinting, structure confirmation Trace/new chemicals, exact formulas
Weakness Misses very low-amount chemicals Cannot separate isomers alone

6. Mechanisms

6.1 How dereplication works (step-by-step)

The problem: isolating an "interesting" chemical, spending months on it, then finding it was discovered
years ago — that wasted effort is re-isolation. Dereplication prevents it by asking early: "has anyone seen
this chemical before?"

Steps:
1 Crude extract from the plant (e.qg., tulsi leaves).
2 LC-HRMS run gives exact weight and formula of each major chemical.

3 Database search — each formula/fragmentation pattern is checked against natural-product
databases (like matching a fingerprint to a record file).

4 Match (e.g., eugenol) "already known", skipped. No match possibly new; full isolation and NMR
study justified.

5 Decision: time and money go only to genuinely new or important chemicals.

Analogy: like a doctor checking old records before a long hospital stay — no need to redo tests for an
already-treated case.

6.2 How PCA / chemometrics groups samples

The problem: one HRMS run gives thousands of numbers per sample — unreadable directly.
Steps:

1 Data table: rows = samples, columns = chemical peaks (intensities).

2 PCA compresses it into 2-3 summary axes, keeping the biggest differences.

3 Score plot: each sample becomes one dot — close dots = chemically similar (genuine batches); far dots
= different (adulterated batch).

4 Loading plot shows which chemicals caused the separation — the marker chemicals.

Analogy: plotting students by height and weight — tall-heavy cluster in one corner, short-light in another;
PCA does this with thousands of measurements squeezed into two axes.
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7. Infographic concept box (one-glance summary)

METABOLOMICS IN ONE GLANCE

METABOLOME = all small chemicals in a sample

METABOLOMICS = study them ALL at once

TOOLS: NMR (structure) - HRMS (exact weight)
LC/GC (separation) - PCA (grouping stats)

APPROACHES: Targeted (known list) /
Untargeted (discover everything)

THREE BIG USES:
1. QUALITY CONTROL — genuine or adulterated? I
2. DEREPLICATION — known or new chemical? |
3. VALIDATION — does the traditional claim |

match the chemistry? I

8. Examples (worked mini-cases)

Case 1: Detecting adulteration of ashwagandha powder by fingerprinting

Situation: a company receives 10 batches of ashwagandha root powder; some suppliers may have mixed
in cheaper roots to add weight.

Old method: measure only total withanolides — but an adulterant may also contain some, or a diluted
batch may still pass.

Metabolomics method: extract all 10 batches identically and record "H-NMR fingerprints; PCA shows 8
batches clustering tightly (genuine) while 2 fall far away. The loading plot shows the 2 odd batches lack
withanolide peaks and carry extra foreign peaks.

Conclusion: the 2 batches are adulterated — caught without knowing the adulterant in advance. That is
the power of untargeted fingerprinting.

Case 2: Validating a traditional claim about brahmi

Traditional claim: Brahmi (Bacopa monnieri) is used in Ayurveda as a medhya rasayana — a memory and
intellect promoter.

Metabolomics approach: collect brahmi from several regions and prepare extracts identically; record the
full pattern by untargeted LC-HRMS and confirm major peaks by NMR. The majors are bacosides
(saponins) plus flavonoids and others — and bacosides have shown memory-supporting effects in lab
studies. Comparing "high-bacoside" vs "low-bacoside" batches in lab activity tests shows bacoside-rich
batches match the traditional use.

Careful wording: this alone does not "prove" the claim; it gives chemical evidence consistent with it and
identifies suitable batches. Full validation needs pharmacological and clinical studies too.
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9. Pharmacy relevance

Quality control: checks the whole chemical pattern — adulteration, substitution, or poor batches are
caught even when single-marker tests pass.

Batch-to-batch consistency: every batch compared against a "gold standard" fingerprint.

Drug discovery: dereplication by LC-HRMS stops re-isolation of known compounds, speeding the hunt
for new plant drugs.

Standardisation: metabolomics-found marker chemicals become routine QC and pharmacopoeial
standards.

Safety: unexpected toxic chemicals (contaminants, wrong species) detected, protecting patients.

Regulatory support: a scientific fingerprint gives herbal products credibility with regulators and
consumers.

10. India context

India's rich herbal traditions (Ayurveda, Siddha, Unani) and huge herbal industry gain a modern
scientific language from metabolomics.

Turmeric: fingerprinting distinguishes high-curcumin varieties and detects added colour or spent
material.

Ashwagandha: withanolide profiling by LC-HRMS grades root powder; NMR catches substitution with
other roots.

Brahmi: bacoside profiling links regional collections to the traditional memory-use claim and helps
select superior raw material.

Career note: QC labs of herbal companies, AYUSH research institutes, and natural-product drug
discovery teams all need metabolomics skills.

11. Key points to remember

1
2
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Metabolome = all small chemicals in a sample at one time.
Metabolomics = studying all of them together — the full picture.

Tools: NMR (structure, non-destructive), HRMS (exact weight, super-sensitive), chromatography
(separation), PCA (statistics).

Targeted = chosen known chemicals; untargeted = discover everything present.
Fingerprinting = quick pattern match; profiling = detailed named measurements.
Workflow: sample extraction NMR/HRMS data processing PCA interpretation.
Dereplication = early database check of exact weights; skip knowns, chase only new ones.

PCA compresses huge data into a dot-plot where similar samples cluster.
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9 QC: catches adulteration (ashwagandha) even when the adulterant is unknown.

10 Validation: links chemistry to traditional claims (brahmi/bacosides) — supports, but never alone
proves, a claim.

12. Common confusions

+ Metabolomics vs genomics vs proteomics: genomics = genes (instruction book); proteomics =
proteins (workers); metabolomics = small chemicals (finished products) — closest to what actually
happens.

« Fingerprinting vs profiling: fingerprinting compares overall patterns without naming chemicals
(fast); profiling names and measures specific chemicals (detailed). Never interchange them.

« Dereplication vs re-isolation: dereplication is the checking step that avoids work; re-isolation is the
wasted work of purifying an already-known compound.

* NMR vs MS: NMR uses magnets/radio waves, reveals structure, is non-destructive; MS ionises and

weighs molecules exactly, destroying the sample but detecting far smaller amounts. They complement

each other.

13. Common mistakes in exams

1 "Metabolomics studies genes" — wrong; that is genomics. Metabolomics studies small chemicals.

2 NMR and MS are not the same — different principles (magnetism vs weighing ions).
3 HRMS alone can't identify every structure — exact weight yes, but isomers need NMR.
4 Don't mix up fingerprinting (pattern match) and profiling (named measurements).

5 Don't forget data processing and chemometrics — statistics turns data into conclusions.

6 Metabolomics "supports" a traditional claim; it never "proves" it — full proof needs pharmacological
and clinical evidence.

7 Never invent statistics, dates, or guideline names.

14. Mnemonics

+  Workflow order — "SEA DPI": Sample Extraction Analysis Data processing PCA
Interpretation.

*  Tools — "N-H-C-C": NMR, HRMS, Chromatography, Chemometrics ("Never Hunt Chemicals
Carelessly").

+ Fingerprint vs Profiling: "Fast pattern vs Precise named chemicals."

Pills & Python - Pharmacy * Data * Al » Healthcare - Instagram @pillsandpython - pillsandpython.com - YouTube @PillsAndPython



BP601T - UNIT II CHAPTER 2

+ Dereplication: "Don't Repeat — Database Rejects knowns."

15. Exam summary

Metabolomics studies the complete set of small chemicals (the metabolome) in a sample at one time.
Tools: NMR (structure, reproducible, non-destructive), HRMS (exact weights, super-sensitive),
chromatography (separation), PCA/chemometrics (groups similar samples on simple plots). Studies are
targeted (chosen known metabolites) or untargeted (discover everything), using fingerprinting (quick
pattern comparison) or profiling (detailed quantification). Workflow: sample extraction NMR/HRMS

data processing PCA interpretation. Dereplication matches LC-HRMS exact weights against databases
to spot known compounds early, avoiding re-isolation. Pharmacy uses: herbal QC — catching adulterated
ashwagandha powder by PCA of NMR fingerprints; validating traditional claims — linking bacosides in
brahmi to its memory-supporting use.

16. One-minute revision

1 Metabolome = all small chemicals in a sample at one time.
2 Metabolomics = study them ALL together.

NMR = magnet + radio waves; structure; non-destructive.

A W

HRMS = exact weighing; super-sensitive; finds traces.

5 Targeted = known list; untargeted = discover everything.

6 Fingerprinting = fast pattern match; profiling = detailed named measurement.
7 Workflow: Sample Extraction Analysis Data processing PCA Interpretation.
8 Dereplication = database check to skip already-known chemicals.

9 PCA = statistics plotting similar samples close together.

10 QC catches adulteration (ashwagandha); validation links chemistry to traditional claims (brahmi) — but
alone never proves a claim.

17. Exam questions

Short-answer questions (6)

1 Define metabolome and metabolomics in simple words, with one example each.
2 Name four metabolomics tools and write one line on what each does.

3 Differentiate targeted vs untargeted metabolomics, with one example of each.

4 What is dereplication? Define it and state its importance in natural-product research.
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5 Draw and label the metabolomics workflow flowchart.

6 State two advantages and one limitation of NMR in metabolomics.

Long-answer questions (4)

1 Describe the principle, advantages, and limitations of NMR and HRMS, and compare them in a table.
2 Explain the metabolomics workflow with a neat flowchart and the role of each step.

3 What s dereplication? Describe its step-by-step mechanism and how it speeds up drug discovery from
natural products.

4 Discuss the role of metabolomics in (a) quality control of herbal products and (b) scientific validation of
traditional claims, with one worked example for each.

MCQs (10) — answer key at the end
1 The metabolome is:
a) All genes b) All small chemicals in a sample at one time c) All proteins d) All enzymes

1 Which technique uses magnets and radio waves for chemical structure?

a) HRMS b) NMR ¢) TLC d) Polarimetry

1 HRMS is especially valued because it:

a) Destroys the sample without giving data b) Measures exact molecular weights with very high sensitivity
¢) Needs no sample at all d) Replaces all statistical analysis

1 Metabolic fingerprinting is best described as:

a) Naming and measuring every chemical individually b) Quick overall-pattern comparison without
identifying each compound c) Sequencing the plant genome d) Counting chromosomes

1 Dereplication helps scientists to:

a) Isolate every compound in an extract b) Avoid re-isolating already-known compounds c) Increase the
yield of extraction d) Destroy unwanted metabolites

1 InaPCA score plot, two samples plotted close together are:

a) Chemically similar b) Chemically unrelated c) Always adulterated d) Always pure

1 Targeted metabolomics differs from untargeted metabolomics because it:

a) Studies the genome instead b) Measures a pre-decided list of known metabolites ¢) Needs no
instruments d) Cannot be used for plants

1 Alimitation of NMR in metabolomics is:

a) It destroys the sample b) Lower sensitivity than MS for trace chemicals c) It cannot be reproduced d) It
only works on proteins
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1 Detecting adulterated ashwagandha powder by comparing full NMR patterns is an example of:

a) Targeted profiling only b) Untargeted fingerprinting for quality control c) Genome sequencing d)
Dereplication of a new drug

1 Chemometrics in metabolomics is used to:

a) Extract plant material with solvents b) Apply statistics to turn large chemical data into readable plots c)
Synthesise new metabolites d) Calibrate the NMR magnet

Answer key: 1-b, 2-b, 3-b, 4-b, 5-b, 6-a, 7-b, 8-b, 9-b, 10-b
Viva questions (5) with brief model answers
1 What is the metabolome?

All small chemicals present in a biological sample at one time.

1 Why is HRMS called "high resolution"?

It measures molecular weights to several decimal places, so nearly identical weights can be told apart.

1 Fingerprinting vs profiling?

Fingerprinting quickly compares overall patterns without naming compounds; profiling identifies and
measures specific known compounds.

1 What does PCA do in a metabolomics study?

It compresses thousands of measurements into a 2D/3D plot where similar samples sit close together.

1 Give one pharmacy application of metabolomics.

Herbal QC — e.g., detecting adulterated ashwagandha powder by comparing its NMR fingerprint with
genuine batches using PCA.

Application-based questions (3) with hints

1 Atrader supplies turmeric powder at a very low price. As a QC pharmacist, how would you use
metabolomics to check it for added spent/foreign material?

Hint: untargeted fingerprinting — record NMR/LC-HRMS patterns of suspect and genuine reference batches; PCA
shows whether the suspect clusters with the genuine ones.

1 Your team has an LC-HRMS peak from a tulsi extract matching a compound reported years ago.
What do you do before starting a six-month isolation?

Hint: dereplication — search exact weight and fragmentation in natural-product databases; if known, skip
re-isolation and chase unmatched (possibly new) peaks.

1 An Ayurvedic company claims its brahmi product "supports memory" and wants scientific
backing. Outline a metabolomics-based plan (without claiming clinical proof).

Hint: profile bacosides and the full pattern by LC-HRMS/NMR across batches; pick batches chemically consistent
with the traditional use; chemical evidence supports but never replaces pharmacological and clinical studies.
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CHAPTER 3: Network Pharmacology, Systems
Biology and Chemoinformatics Databases

CHAPTER 3

Inside this chapter

1

N
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Network pharmacology and systems biology approaches to herbal medicine
One drug one target vs multi-component multi-target

Network types; spectral libraries vs chemoinformatics databases

Network pharmacology workflow step by step

Infographic concept box; worked mini-cases

Pharmacy relevance; India context

Key points; confusions; mistakes; mnemonics; exam summary; one-minute revision; questions;
references

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

1

A W N

Define network pharmacology, systems biology, node, edge, hub, spectral library, chemoinformatics

and descriptor in simple words.

Explain "one drug one target" vs "multi-component multi-target".

Explain why herbal medicines fit network thinking.

Draw a labelled herb-compound-target network.

Classify networks into compound-target, target-disease and herb-compound-target types.

Describe the step-by-step network pharmacology workflow for a herbal formulation.

Compare spectral libraries and chemoinformatics databases and state each one's drug-discovery

significance.
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8 Apply these ideas to curcumin (turmeric) and Triphala.

Definitions

Te

Network pharmacology — Study of how many compounds of a medicine act together on many body
targets at once, shown as a network map.

Systems biology — Study of a living system as one whole — how all its parts interact — not one part
alone.

Network — A map of points joined by lines showing connections, like a railway map.

Node — One point in a network: an herb, compound, protein target, or disease.

Edge — The line joining two nodes ("these two are connected").

Hub — The node with the most edges; the busiest junction.

Target — A protein or molecule in the body on which a drug acts (e.g., an enzyme or receptor).

Spectral library — Stored known spectra (mass, NMR, UV, IR) for identifying an unknown compound
by matching.

Chemoinformatics — Computers storing, searching and analysing chemical data: structures,
properties, bioactivity.

Descriptor — A number describing one property of a compound, e.g., molecular weight or logP (a
fat-vs-water score).

rminology table

Network pharmacology "Many compounds many targets" as Teamwork of compounds
maps

Systems biology Studying the whole body-system, not one Forest view, not one tree
part

Node One point in the network map Node = station

Edge Line joining two nodes Edge = track

Hub Busiest node, most connections Hub = biggest junction

Target Body protein the drug acts on Lock the drug-key fits

Spectral library Known spectra to identify compounds Fingerprint register

Chemoinformatics Computer handling of chemical data Chemistry + info science

Descriptor Number describing a compound's Like height/weight
property

Reductionist approach One drug one target, studied alone "Reduce to one"

Concept-by-concept explanations

Concept 1: One drug one target vs multi-component multi-target
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Technical concept: The reductionist model says one pure drug acts on one protein target. Network
pharmacology says a herbal medicine works as multi-component multi-target: many compounds
together act on many targets.

Simple explanation + example: Old thinking: "One soldier, one enemy." New thinking: "An army, many
posts." E.g., turmeric (haldi) holds curcumin plus many other compounds, and curcumin alone does not
explain all of turmeric's anti-inflammatory effect — the compounds together touch many points of the
disease process.

Diagram (draw like this):

OLD: [Drug A] ---> [Target X] ---> cures disease

NEW:
[Compound 1] ---> [Target X] \
[Compound 2] ---> [Target Y] ---> [Disease process]
[Compound 3] ---> [Target Z] /

Key takeaway: Herbal medicines = many compounds + many targets; network pharmacology maps
this teamwork.

Concept 2: Network pharmacology — thinking with maps

Technical concept: Network pharmacology combines pharmacology with network science: compounds,
targets and diseases are arranged as nodes and edges, and computer analysis finds the most important
(hub) compounds and targets.

Simple explanation + example: Like a railway map — stations = nodes, tracks = edges, busiest
interchange = hub. For Triphala (Amla + Haritaki + Bahera): 3 herb nodes compound nodes (gallic,
ellagic, chebulagic acids) target nodes (digestive enzymes, inflammatory proteins) disease node
(indigestion). A compound linked to many targets is a hub compound.

Diagram (Triphala herb-compound-target network):

[Amla] ----\ [Gallic acid] ----- > [COX enzyme]
[Haritaki] ---> [Chebulagic acid] ---> [COX enzyme] (hub)

\ [Ellagic acid] ------ > [a-amylase]
[Bahera] ----/ [Lipase]

Key takeaway: A network map turns "this herb is good for digestion" into a testable map of which
compounds touch which targets.

Concept 3: Systems biology — the whole-forest view

Technical concept: Systems biology studies biological systems as integrated wholes — genes, proteins,
pathways together — using large datasets and computer models, instead of studying one molecule alone.

Simple explanation + example: Reductionist science studies one tree; systems biology studies the whole
forest. After taking Dashmoola (a ten-herb Ayurvedic formulation), a systems view looks not only at one
pain pathway but at inflammation markers, liver metabolism of the compounds, and gut bacteria — like a
traffic control room watching the whole city instead of one signal.
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Key takeaway: Systems biology = studying the whole body response; network pharmacology = the
mapping tool within that view.

Concept 4: Why herbal medicines FIT network thinking

Technical concept: Herbal medicines are chemically complex mixtures — one herb has hundreds of
constituents; polyherbal formulations have thousands. Their effects arise from multi-component,
multi-target interactions: exactly what network models describe.

Simple explanation: A synthetic tablet = one soldier; a herbal formulation = a whole army. It fits network
thinking for three reasons: (1) many compounds per herb; (2) many targets per compound; (3) synergy
— together they give an effect bigger than the sum, captured through shared hub targets.

Key takeaway: Chemical complexity + multiple targets = herbal medicine is a network problem by
nature.

Concept 5: Significance of spectral libraries in drug discovery

Technical concept: A spectral library is a database of reference spectra (mass, NMR, UV, IR) of known
compounds. A compound isolated from a plant is identified by comparing its spectrum with the library —
a match names it quickly.

Simple explanation + example: Every compound has a "spectrum fingerprint"; the library is the police
fingerprint register. A researcher isolates a yellow powder from turmeric, records its mass spectrum, and
the library search matches curcumin's stored pattern — identified in minutes, without starting structure
work from zero.

Flowchart:

Isolate unknown --> record spectrum --> search library
--> match? YES: identified (e.g., curcumin) / NO: may be NEW

Key takeaway: Spectral libraries = fast identification by fingerprint matching; the backbone of
dereplication (recognising known compounds quickly so time is spent on new ones).

Concept 6: Significance of chemoinformatics databases in drug discovery

Technical concept: Chemoinformatics databases store chemical structures, calculated properties
(descriptors like molecular weight, logP), and biological activity data for lakhs of compounds — used to
find similar compounds, predict activity, and select drug-like candidates.

Simple explanation + example: If a spectral library is a fingerprint register, a chemoinformatics database
is the full citizen file — photo (structure), height-weight (descriptors), history (bioactivity). A researcher
asks: "Show me compounds with a structure similar to curcumin that are active against inflammation" —
the computer answers in seconds. They help by identifying/annotating compounds, predicting targets
(similar structures similar targets), and shortlisting leads before costly lab testing.
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Key takeaway: Chemoinformatics databases = searchable structure-property-activity knowledge
banks that turn raw plant data into drug-discovery decisions.

Classifications

A. Types of networks used in herbal medicine research

Compound-target Compounds targets Which compound acts on Curcumin COX-2, TNF-a
which protein

Target-disease Targets diseases Which proteins link to which COX-2 inflammation
diseases

Herb-compound-target Herbs compounds targets Full path: herb to compounds  Triphala gallic acid
to targets digestive enzymes

The herb-compound-target network is the most complete: it links the medicine given to the body's
proteins.

B. Spectral libraries vs chemoinformatics databases — comparison

Stores Reference spectra (MS, NMR, UV, IR) Chemical structures, descriptors,
bioactivity data

Main question "What is this compound?" (identification)  "What is known about it?" (annotation,
prediction)

Search input An experimental spectrum A structure, name, or property range

Output Match = compound name Structures, properties, activity, similar
compounds

Drug-discovery role Fast identification / dereplication Target prediction, lead shortlisting

Memory hook Fingerprint register Full citizen file with photo and history

Mechanisms: network pharmacology workflow step by step

Step 1 — Collect compounds. List all known constituents of the herb/formulation from literature and
databases (e.g., curcumin, demethoxycurcumin, turmerones from turmeric). Step 2 — Filter drug-like
compounds. Keep those with good descriptors (molecular weight, logP); drop poorly absorbed ones. Step
3 — Predict targets. Find probable protein targets per compound via chemoinformatics databases and
similarity matching. Step 4 — Build the network. Draw nodes (herb, compounds, targets, disease) and
edges; software arranges the map. Step 5 — Find hubs. Nodes with the most edges — the most
connected, likely most important (e.g., one enzyme hit by five Triphala compounds = hub target). Step 6 —
Validate in the lab. Test predictions in enzyme, cell or animal studies — only lab proof confirms them.

Flowchart:

COLLECT compounds --> FILTER drug-like --> PREDICT targets
--> BUILD network --> FIND hubs --> VALIDATE in lab
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Key takeaway: Network pharmacology is prediction + map + proof — the workflow always ends in
laboratory validation, never in the computer alone.

Infographic concept box

B e e +
| NETWORK PHARMACOLOGY + DATABASES — ONE-GLANCE SUMMARY |
B e e +
OLD: one drug ---> one target
NEW: many compounds ---> many targets (network map)

| |
I I
| NODES = herb, compound, target, disease | EDGES = links |
| HUB = busiest node = most important |
| WORKFLOW: Collect -> Filter -> Predict -> Build -> Hubs |
| -> Validate in lab

| SPECTRAL LIBRARY = fingerprint register (identify WHAT it is)|
| CHEMOINFORMATICS = citizen file: structure + properties + |
| activity (predict + shortlist) |
| HERBAL FIT: many compounds + many targets + synergy |
| (Triphala, Dashmoola, curcumin)

Examples — worked mini-cases

Mini-case 1: Mapping curcumin to multiple targets

Situation: A student asks, "Curcumin is one compound — where is the network?" Steps: (1) Compound
node: curcumin (turmeric, Curcuma longa). (2) Databases show it hits several targets: COX-2, NF-kB
pathway proteins, TNF-a. (3) Draw one compound node with edges to three target nodes — curcumin is
the hub: one compound, multi-target. (4) These targets link to inflammation/arthritis in a target-disease
network. Conclusion: Even one herbal compound can be multi-target; a whole extract makes the network
far richer.

Mini-case 2: Using a spectral library to identify a peak

3

Situation: QC of an amla (Emblica officinalis) extract shows an unknown major peak in the mass spectrum.

Steps: (1) Record the peak's mass spectrum. (2) Search a spectral library — the computer scores it against
thousands of reference spectra. (3) Top match: gallic acid, very high score. (4) Confirm with a genuine
gallic acid standard. Conclusion: Identified in minutes — dereplication: recognising the known so effort
goes to the unknown.

Pharmacy relevance

1 Explaining herbal action scientifically: network maps let pharmacists show how a polyherbal
formulation works through several targets — a modern scientific language for herbal medicine.

2 Quality control: spectral libraries confirm raw-material identity and detect adulteration; hub
compounds become standardisation markers.

3 Faster, cheaper drug discovery: chemoinformatics shortlists the most promising plant compounds
before expensive isolation and testing.

4 Safer combinations: systems thinking helps predict herb-drug interactions by viewing the
whole-body response.
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India context

India has a rich tradition of polyherbal formulations — Triphala, Dashmoola, Trikatu, Chyawanprash —
all multi-herb, multi-compound mixtures, whose action was always understood as combined. Network
pharmacology is tailor-made for them.

The Ministry of AYUSH promotes scientific validation of Ayurvedic formulations; network
pharmacology gives them a modern, testable explanation without reducing them to one "active
ingredient".

Indian plants already studied this way include turmeric (curcumin), amla (gallic acid), ashwagandha
(withanolides) and guduchi (Tinospora cordifolia). Example: a Triphala network maps three fruits
phenolic compounds (gallic, chebulagic, ellagic acids) digestive/inflammatory targets, matching its
traditional digestive use.

Caution: traditional use is a starting clue, not proof — predictions must pass laboratory validation
before any efficacy or safety claim.

Key points to remember

1

N

A W

8
9

Network pharmacology studies many compounds acting on many targets together, drawn as a
network map.

Old: one drug one target (reductionist). New: multi-component multi-target.

Node = point (herb, compound, target, disease); edge = line; hub = busiest node.

Herbal medicines fit network thinking: many compounds + many targets + synergy.

Three network types: compound-target, target-disease, herb-compound-target.

Systems biology = whole-system view; network pharmacology = the mapping tool inside it.
Spectral library = known spectra; identifies unknowns by matching (fingerprint register).
Chemoinformatics database = structures + descriptors + bioactivity (citizen file).

Workflow: collect filter predict build find hubs validate in lab.

10 Network results are predictions; laboratory validation is compulsory.

Common confusions

1

3

Network pharmacology vs systems biology. Network pharmacology is the method (mapping
compound-target networks); systems biology is the bigger viewpoint (whole-system study). The first
works inside the second — not synonymes.

Spectral library vs chemoinformatics database. The library answers "what is this compound?" by
spectrum matching; the database answers "what is known about it?" via structures, properties and
activity.

Hub vs node. Every hub is a node, but not every node is a hub — a hub has the most connections.
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4 Reductionist vs systems approach. Reductionist = one drug, one target, alone. Systems = many parts
as a whole. Herbs need the systems view; the lab test still gives final proof.

Common mistakes in exams

1 "Network pharmacology means studying computer networks" — it is about biological networks of
compounds and targets.

2 Calling every node a hub — hub is reserved for the most connected node(s).

3 Saying a spectral library stores structures — it stores spectra; structures belong to chemoinformatics
databases.

4 Presenting network predictions as final proof — always add that lab validation is required.
5 Defining systems biology as "study of one part" — it studies the whole system and its interactions.
6 Inventing statistics, dates, guidelines, DOIs or URLs — never write unsourced numbers or references.

7 Mixing up edge and node — edge is the line, node is the point.

Mnemonics

«  Workflow: "Curious Friends Plan Big Health Victories" (Collect, Filter, Predict, Build, Hubs, Validate).

+ Node-edge-hub: "Neat Electric Highways" — Nodes = stations, Edges = tracks, Hubs = biggest
junctions.

« Library vs database: "Spectra = Suspect's fingerprint; Chemoinformatics = Complete file" — the
library identifies, the database describes and predicts.

Exam summary

Network pharmacology replaces one drug one target (reductionist) with multi-component multi-target
— the natural fit for herbal medicines (many compounds, many targets, synergy). Herbs, compounds,
targets and diseases are nodes joined by edges; the most connected nodes — hubs — matter most.
Network types: compound-target, target-disease, herb-compound-target. Systems biology is the wider
whole-system view within which network pharmacology works. Workflow: collect filter predict build
find hubs validate in the lab. Spectral libraries identify unknown compounds by spectrum matching
(dereplication); chemoinformatics databases store structures, descriptors and bioactivity for annotation,
target prediction and lead shortlisting. Triphala, Dashmoola and curcumin are classic Indian examples.

One-minute revision

1 Network pharmacology = many compounds many targets, as a network map.
2 Oldidea: one drug one target (reductionist).
3 Node = point; edge = line; hub = busiest node.

4 Herbs fit networks: many compounds + many targets + synergy.
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5 Network types: compound-target, target-disease, herb-compound-target.

6 Systems biology = whole-system view; network pharmacology = mapping tool inside it.
7 Workflow: Collect Filter Predict Build Hubs Validate.

8 Spectral library = spectrum matching (fingerprint register).

9 Chemoinformatics database = structures + descriptors + bioactivity.

10 Curcumin COX-2, NF-kB, TNF-a (one compound, multi-target).

11 Triphala = herb-compound-target example (Amla, Haritaki, Bahera).

12 Predictions always need laboratory validation.

Exam questions

Short-answer questions (6)

1 Define network pharmacology in one sentence. How does it differ from the one drug one target
idea?

Define node, edge and hub, giving one example of each from a Triphala network.

Why do herbal medicines fit network thinking? Give three reasons.

A W N

What is a spectral library? Explain its role in identifying an unknown plant compound.
5 List the six workflow steps in order.

6 State two differences between a spectral library and a chemoinformatics database.

Long-answer questions (4)

1 Explain network pharmacology and the multi-component multi-target idea. Using Triphala, draw and
explain a herb-compound-target network, and discuss why this suits herbal medicines better than the
reductionist approach.

2 Describe the step-by-step workflow of a network pharmacology study of a herbal formulation, the
purpose of each step, and why laboratory validation is essential.

3 Discuss the significance of spectral libraries and chemoinformatics databases in drug discovery,
comparing what they store, what question each answers, and their roles in identifying and shortlisting
compounds.

4 Explain systems biology and its relationship with network pharmacology. Using curcumin's multiple
targets, discuss how the systems view improves understanding of herbal action and safety.

MCQs (10)

Q1. A'"node" is: a) the joining line b) one point, e.g., an herb, compound or target c) the busiest junction d)
a descriptor Q2. A "hub" is: a) any compound in the herb b) the node with the most connections c) the
disease d) a spectral peak Q3. Multi-component multi-target means: a) one drug, one target b) many
compounds together act on many targets c) herbs have no targets d) only pure compounds can be studied
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Q4. Systems biology differs from the reductionist approach because it: a) studies one molecule alone b)
studies the whole living system and its interactions c) uses only structures d) skips lab validation Q5. A
spectral library is mainly used to: a) store structures and bioactivity b) identify an unknown compound by
matching its spectrum c) predict targets d) calculate molecular weight Q6. A chemoinformatics database
stores: a) only mass spectra b) structures, descriptors and bioactivity data c) only plant photos d) only
disease names Q7. The step after "predict targets" is: a) collect compounds b) build the network c) validate
in the lab d) filter drug-like compounds Q8. Curcumin exemplifies: a) one compound acting on multiple
targets b) one drug on one target c) a spectral library d) a reductionist proof Q9. Which network type
connects the medicine given to the body's proteins? a) compound-target only b) target-disease only c)
herb-compound-target d) disease-disease Q10. Lab validation is required at the end because: a)
computers are never used b) network results are predictions needing experimental proof c) herbs need no
testing d) libraries replace experiments

Answer key: 1-b, 2-b, 3-b, 4-b, 5-b, 6-b, 7-b, 8-a, 9-c, 10-b

Viva questions (5) with brief model answers

V1. What is network pharmacology? — Many compounds of a medicine acting together on many body
targets, shown as a network map. V2. What is a hub? Give an example. — The node with the most
connections; e.g., an inflammatory enzyme linked to five Triphala compounds. V3. How does a spectral
library identify a compound? — By matching the unknown's spectrum with stored reference spectra, like
a fingerprint match. V4. Why use a chemoinformatics database before lab testing? — To shortlist
promising compounds by structure, drug-like properties and known activity, saving time and cost. V5. Is a
network prediction enough to claim a formulation works? — No; predictions need confirmation by lab
experiments.

Application-based questions (3) with hints

A1. A company wants to scientifically explain how its Triphala-based digestive product works, without
reducing it to one active ingredient. Outline a network pharmacology study design. Hint: six workflow steps
— list the three fruits' compounds, filter drug-like ones, predict digestive/inflammatory targets, build the
herb-compound-target network, find hubs, propose lab validation (enzyme assays).

A2. During QC, an amla extract shows an unexpected extra peak in its mass spectrum. How would each
database type help? Hint: spectral library — identify the peak by spectrum matching (possible adulterant);
chemoinformatics database — look up that compound's structure, properties and activity to judge significance.

A3. A researcher claims curcumin alone explains all of turmeric's anti-inflammatory effect. Respond using
network thinking. Hint: turmeric has many compounds, curcumin itself hits multiple targets, and the full effect
likely comes from several compounds acting together — a network, not a single arrow.
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