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Unit- IV

Industrial production, estimation and utilization
of the following phytoconstituents:-

Forskolin, Sennoside, Artemisinin, Diosgenin, Digoxin, Atropine, Podophyllotoxin, Caffeine,
Taxol, Vincristine and Vinblastine
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In this Unit We can study 1. Forskolin,
1. Introduction 2. Sennoside,
2. Industrial production 3. Artemisinin,
3. Estimation 4. Diosgenin,
4. Utilization 5. Digoxin,
of the following phytoconstituents: 6. Atropine,

7. Podophyllotoxin,

8. Caffeine,

9. Taxol,

10. Vincristine

11. Vinblastine

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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‘ 1. Source and Plant Profile ‘ 2. Chemical Structure
| of Sennoside of Sennoside
1 @® Biological source: Dried leaflets of OH O OH R
' Senna alexandrina (syn. Cassia
angustifolia) and Senna occidentalis. ?H O‘O o
@® Family: Fabaceae HOo o o ~OH
(Leguminosae). /Cl/ O/)\
® Common name: Senna, o Q ™o 0)\0 OH
Indian senna, Tinnevelly senna. ah ‘ O (I)H
@® Part used: Dried leaflets o
OH O OH !

and pods (leaflets contain
higher sennoside content

Sennoside
2_4(.%3)' - . (Sennoside A and B)
@® Active constituents: Sennosides — alexandnna
(A and B), dianthrones (sennidins), (Whole plant) co Pl s T e K8 S B0
flavonoids, mucilage. Molecular we1ght B 862.74 g/mol -
® Geographical distribution: Chemical class : &T;ﬁggioggn%lggz‘;ﬁ
Native to North Africa (Egypt, Sudan) o - -
and widely cultivated in India, , IUPAC name : 213681_3’1a(?thmc§§_1’ 11) ,8,8’~tetraol ;
Middle East and other trop]cal» ﬁ (SenmosideA) (1’_)2)‘_ I;?S? gh;co‘f‘ ‘%l;‘igzpyra“"sy =
| regions. X ' R groups :  Sennoside A: R = COOH, R, = CH,OH
I =5 = . / Sennoside B: R = CH,OH, R; = COOH
| Dried leaflets Pods

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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| Industrial Production of Forskolin

"\ f )
Raw Material o Select good quality Coleus forskohlii roots containing high forskolin (10-20%).
(Coleus forskohlii roots) * Clean to remove soil, stones and foreign matter.
L * Wash and dry if needed.
( Cleaning, Drying and ] (- Dry the roots to reduce moisture (< 10%). 1
Size Reduction e Grind to suitable particle size (coarse powder)
I i (o increase surface area for extraction.
Extraction Solvent extraction [ Powdered roots are extracted with ethanol, methanol or hydroalcoholic i
(Ethanol / Methanol / solvent (50-90%).
Hydroalcoholic solvent 50-90%) e Extraction is carried out at 60—80°C for 2—4 hours with stirring or percolation.
(60-80°C, 2—4 hours) J | = Forskolin is soluble in organic solvents. )
N\ i )
Filtration Forskolin * Separate the plant residue by filtration.
containing e Filtrate contains forskolin along with other extractives (resins, lipids, pigments, etc.).
L extract ‘. )
¢ 2 it ) ( : i |
Concentration P e Filtrate is concentrated under reduced pressure (vacuum evaporation) to
ﬁ remove excess solvent and obtain a concentrated extract.
. S J
Purification Column chromatography | | » Concentrated extract is purified by column chromatography using suitable
(Chromatography) (Silica gel / Sephadex / solvent system (e.g., hexane: ethyl acetate or chloroform: methanol).
Preparative HPLC) e Removes impurities such as resins, fatty matter, pigments and other diterpenes.
—i - S
'8 " { Y
Crystallization e Purified fraction is concentrated and kept at low temperature to crystallize forskolin.
e Crystallization can be induced by addition of a non-solvent (e.g., water or hexane).
- J - S
™ =
Filtration and Washing e Forskolin crystals are separated by filtration.
e Washed with cold solvent (e.g., ethanol/hexane) to remove adhering impurities.
L= L8 =
s ™\ '8 By
[)rying e The washed crystals are dried in a tray dryer or vacuum oven at 40-60°C
to obtain pure forskolin (moisture < 0.5%).
- J - S
( . ) [« White.to off-white crystalline powder of forskolin. )
Pure Forskolin e Purity: > 98% (by HPLC).
(Final Product) e Packed in airtight, light-resistant containers.
Quality control: HPLC, UV, IR, melting point, etc.

L]
.
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1. Principle

e Forskolin is quantified mainly by
HPLC or spectrophotometric
methods.

e In UV spectrophotometry,
forskolin shows maximum
absorbance (Amax) around
225-230 nm in methanol.

e The amount of forskolin in the
sample is calculated by comparing
its absorbance with a standard
forskolin solution.

o Preparation of standard solution
€ 2

=
|

| |

Estimation of Forskolin

A. UV Spectrophotometric Method

2. Chemical structure of Forskolin 3. Plant Source
CH,

OH

i e ‘ “. : N
1 | ¥ 43 ‘
Hac ] 49 -
Forskolin , oleus forskohlii

(C22H3407) | (Family: Lamiaceae)

4. Methods of Estimation

1 UV Spectrophotometry (simple and rapid)
2  HPLC (most accurate and widely used)
3 HPTLC
4 LC-MS
5

TLC-Densitometry

{Q} Preparation of sample solution e Measurement of absorbance

o Calibration curve

y = 0.0072x + 0.002

' = R? = 0.99
- Extract with » i 4 e : » % E MO
—_ \ Dissolve in methanol '\ methanol | / 85
) and make up to S (ultrasonication;reflux) &
: 0 =~ | 1lomL Powdered roots ~ | Filter and make up g 8
Forskolin \
(standard) é ~, (1000 pg/mL) of Coleus forskohlii , ol0mL Measure absorbance e —
e < (1g) 4 at 225-230 nm 20 40 60 80 100
g against methanol as blank Concentration (ug/mL)
5. Procedure (UV Spectrophotometry) 6. Calculation . 7. Advantages and Limitations |
o Prepare standard forskolin solution (e.g., 10, 20, 40, 60, 80, 100 pg/mL) from ﬁ;’ﬁu?g;g?;fﬁ}?“ in sample is calculated
stock solution (1000 pg/mL) by suitable dilutions. g : ° gimple, rapiii 3613 econornisr:]al
i i i 7 CxVxDx100 e Requires only UV spectrophotometer
9 Eﬁe;;;a;‘ﬁdsa nl.-:;%: 30 l?gﬁﬁggﬁiﬁiﬁgg POwHtRdding et et sancl Forskolin content (% w/w) = = ey —— s Suitable for routine analysis
P : 5 Wx 10 e Good sensitivity and reproducibility
e Measure the absorbance of standard and sample solutions at 225-230 nm | Where
using methanol as blank. C = Concentration from calibration curve (pg/mL) L[mﬂaﬁonsl |
[ e Plot calibration curve (absorbance vs. concentration) using standard solutions. V = Final volume of sample extract (mL) ® Less SP_ECIﬁC (interference from other
D = Dilution factor (if any) extractives)

Calculate the amount of forskolin in the sample from the regression equation

or directly from the calibration curve.

W = Weight of sample (mg)

/

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

10* = Conversion factor (pg to g and % calculation) [

e Not as accurate as HPLC
Requires pure standard for calibration
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Forskolin

Coleus forskohlii
(Indian Coleus)

Utilization of Forskolin

Cardiovascular uses

e Positive inotropic and vasodilatory agent
® |Increases cAMP levels in cardiac and vascular smooth muscle
e Useful in congestive heart failure and hypertension

(adjuvant therapy)

~

|
|

-

'~ Respiratory uses

e Bronchodilator (relaxes bronchial smooth muscle)
e Useful in asthma, chronic bronchitis and other obstructive
respiratory disorders

Anti-obesity and metabolic uses

e Increases cAMP levels — stimulates lipolysis
e Helps in weight management and reduction of body fat
e Often used in dietary supplements and nutraceuticals

Anti-inflammatory and anti-allergic uses

e Inhibits release of inflammatory mediators (e.g., histamine)
e Useful in inflammatory and allergic conditions
e Studied for potential use in glaucoma (reduces intraocular pressure)

Other potential uses

e Neuroprotective and cognitive enhancing effects (under study)
e Anticancer potential (via cAMP mediated pathways)
e Research in dermatology and skin disorders (e.g., psoriasis)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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2. Sennoside

‘ 1. Source and Plant Profile ‘
of Sennoside

‘ @ Biological source: Dried leaflets of
Senna alexandrina (syn. Cassia
angustifolia) and Senna occidentalis.

@® Family: Fabaceae
(Leguminosae).

@® Common name: Senna,

Indian senna, Tinnevelly senna.

@® Part used: Dried leaflets

2. Chemical Structure
of Sennoside

and pods (leaflets contain OH O OH R4
higher sennoside content .
2_49%) Sennoside
de s R ) ” (Sennoside A and B)
@ Active constituents: Sennosides Senna alexandrina
(A and B), dianthrones (sennidins), (Whole plant) Slaleenlar-Daratin < 2t astna s
flavonoids, mucilage. Molecular weight : 862.74 g/mol -
@ Geographical distribution: Chemical class 2 Jﬁanthriilumoge glycoside
nthrone t
Native to North Africa (Egypt, Sudan) ( [a: - el e W?) y
and widely cultivated in India, , TIUPAC name : 8,8 -bianthracene-1,1’,8,8'-tetraol
> (Sennoside A) 10,10’-dione 8-O-p-D-glucopyranosyl-
| ?;Ilgcfgl;SEast and other troplc:al f N (1752)-B-D-glucopyranoside
‘ : ||| Rgroups :  Sennoside A: R = COOH, R, = CH,OH
| Sl = Sennoside B: R = CH,OH, R; = COOH
| Drled leaflets Pods

N 7N ,

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Raw Material STERSIS, o Select good quality senna leaves containing sennosides (2—4%).
(Senna leaves) T X T o Remove foreign matter (stems, soil, stones, dust).
(Cassia angustifolia / Cassia acutifolia) gﬁﬂ ;gglmmggﬁigg o Wash and dry if required.
( Cleaning, Drying and | (e Drythe leaves to reduce moisture (< 10%). i
She Reduotion . anove fOFBlgtl matter. _ .
L e ) | Grind to suitable particle size (coarse powder) to increase surface area for extraction.
Extraction Solvent extraction e Powdered leaves are extracted with water or hydroalcoholic solvent |
l(Watcr/ Hyglma!‘l’%%‘ﬂl!co ” (ethanol 50-70%) at 60—-80°C for 1-3 hours with stirring or percolation.
= ‘Egratjgb%éelf?;wmh) ) o Sennosides are soluble in hot water and alcohol.
C Filtration T 7 Sennoside 1 (e Separate the plant residue by filtration. y
—f containing o Filtrate contains sennosides along with other constituents
extract | (phenolics, sugars, tannins, etc.).
Concentration : J L e Filtrate is concentrated under reduced pressure (vacuum evaporation)
‘ to remove excess solvent and obtain a concentrated extract.
Purification ' Column chromatography (e Concentrated extract is purified by column chromatography using suitable
(Silica gel / Sephadex) solvent system (e.g., ethyl acetate or methanol : water).
(Chromatography) Elution with suitable solvent ¢ Removes impurities such as sugars, tannins, pigments and other anthraquinone
(e.g., ethyl acetate / methanol : water) L derivatives. )
1 tallizati ("o Purified fraction is concentrated and cooled to crystallize sennosides (A & B). A
Crys HO o Crystallization can be induced by slow evaporation or addition of a non-solvent
L L (e.g., water, ether, or hexane). )
Filtration and Washing o Sennoside.crystals are separated by filtration. o i
| ® Washed with cold solvent (c.g., ethanol/ether) to remove adhering impurities.
( Drying ‘e The washed crystals are dried in a tray dryer or vacuum oven at 40-60°C i
L : | toobtain pure sennosides (moisture < 0.5%). )
( . (e Light yellow to yellow crystalline powder. )
Pure Sennosides o Purity: > 95% (by HPLC).
(Fina Prod o Packed in airtight, light-resistant containers.
s ! uﬂ) _® Quality controE HPLgC, UV, melting point, etc.

J

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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t

1. Introduction

s Sennosides are anthraquinone
glycosides present in Senna leaves
(Cassia species).

e Mainly Sennoside A and Sennoside B
are responsible for laxative activity.

e They are estimated mainly by
HPLC, HPTLC or UV
spectrophotometry.

Estimation of Sennoside

2. Chemical structures 3. Plant source
OH O OH O 1
. 000 @0@ r
COOH COOH 3

-_\ /H . --\ /H Yo 7 -
HO™ T ayy o i "H Senna alexandrina 4
Sennoside A Sennoside B 5 ,(elzlaf"‘:]y; Fabz;tgea;i% ' 5

(C42H33040) (C42H38020) B i

—

A. HPLC Method (Standard Method)

(4. Methods of Estimation ]

HPLC (most accurate and widely used)

UV-Visible Spectrophotometry ‘
(after hydrolysis) |

HPTLC

LC-MS (for detailed analysis)

TLC (for qualitative estimation)

o Preparation of standard solution 9 Prepateation of sample solution o HPLC conditions (Typical) o HPLC chromatogram
€= C18 (250 mm x 4.6 mm, s :
| Accurately weigh Extract with Column 5 me) Sennoside B Senmoside A
: ! 200 - (tg = 12-14 min) (tg = 16-18 min)
/r-‘ 10 mg of SEHHPSIC‘E A methanol (or Mobile phase Acetonitrile : 0.1% formic | = ! |
?ﬂtg;’l{é;r%mojlgie Bl methanol:water, P acid in water (gradient) E 150
s and dissolve 2 : = = : _ £
in methanol. Make up to Wy ity Flowrate | 1.0 mL/min g 100 -
=y p ultrasonication/ Detection UV at 270 nm _§
=3 10 mL to get 1000 pg/mL. reﬂux filter and £ 5
i her dil = Injection volume | 20 pL 2 il
.. Further dilute to get Powdered senna leaves == make up to known | _1Jecton voume | 2
k_ . working solutions (1g) volume (eg, 10 mL). Column temp. = 30 °C 04 - 5 : z :
= (10-100 pg/mL). Run time 20-30 min 0 5 10 15 20 25
- B = Retention time (min)
5. Calibration curve ( 6. Calculation J 7. Advantages (8 Limitations
Amount of sennoside in sample is calculated e Hi accurate and precise
200000 B using the regression equation from calibration curve. . cﬂipmm and qugnﬁfy s Bequires HFDC it
y = 1850x + 1200 T esiie A and B indlvidually and standard sennosides
< 150000 2=, : x Vx D x Sen i i
£ ? BE=0.999 Sennoside content (% w/w) = — W e Suitable for routine quality control . ?lﬁcﬁnﬁﬁng Spmpand
2 100000 o X e Sensitive and reproducible é)ostly scflvents i el
51 €re, e (Can be applied to crude drugs
£ 50000 C = Concentration obtained from calibration curve (pg/mL) | and formulations e Interference from other
V = Final volume of sample extract (mL) ’ anthraqumone glycosides
0 : S . A D = Dilution factor (if any) | : in crude extracts

Concentration (pug/mL)

W = Weight of sample (mg)
‘ 10* = Conversion factor (ug to g and % calculation)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Sennoside

Senna alexandrina
(Family: Fabaceae)

Dried leaves contain
Sennosides
(A and B)

Utilization of Sennoside

3

~ Other potential uses

a

Laxative use (Main utilization)

e Natural stimulant laxative used for short-term relief of constipation

e Sennosides reach the large intestine and are converted to active
anthrones (rhein, anthrone) by gut bacteria

e Stimulate intestinal peristalsis and increase secretion of water and
electrolytes into the colon

Bowel cleansing (pre-operative use)

e Used before surgical procedures, colonoscopy and diagnostic tests
to cleanse the bowel

e Helps in clearing the colon and improves visibility

Adjunct in weight management

e Sometimes used in combination with other herbs in slimming
formulations (short-term use only)

¢ Promotes bowel movement and helps in reducing body weight
by relieving constipation

Formulations
e Available as dried leaf, powder, tablets, capsules, granules and syrup . Sart®
e Often combined with other laxative drugs (e.g., with docusate sodium) Nateal g Syrup

e Used in over-the-counter (OTC) herbal laxative products

e Used in traditional medicine for temporary relief of constipation

e Studied for potential use in bowel preparation and detoxification

e Investigated for possible use in metabolic health and skin care
(formulations under study)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Source and Plant Profile

of Artemisinin

Biological source: Dried leaves
and aerial parts of Artemisia annua
(syn. Artemisia annual 1..).
Family: Asteraceae (Compositae).
Common name: Sweet wormwood.
Part used: Dried leaves and
flowering tops (aerial parts).
Active constituent: Artemisinin
(sesquiterpene lactone).

Geographical distribution:
Native to China, widely cultivated
in Asia (China, India, Vietnam),
Africa and other tropical regions.

N

Artts nua
(Whole plant)

y G

owering tops

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

2. Chemical Structure

of Artemisinin
CH;

wantH

-

HsC
H
CH;
(@]
Artemisinin
(C1sH»,05)
Molecular formula C,5H,,05

Molecular weight 282.33 g/mol

Sesquiterpene lactone

(endoperoxide)
(3R,5aS8,6R,8aS,9R,12R,12aR)-
3,6.9-trimethyl-3,12-epoxy-12H-
pyrano[4,3-j]-1,2-benzodioxepin-10(3H)-one
Endoperoxide bridge (—O—-0O-)

and lactone ring

Chemical class

IUPAC name

Key structural feature :

S\
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Industrial Production of Artemisinin

e s % Sood N [ : = g S
e T E S e Select good quality Artemisia annua leaves (contain 0.3-1.5% artemisinin).
Raw Material CEARES Select good quality Art leaves 0.3-1.5% )
(Sweet wormvwoad) SRR =T e
\ (Artemisia annua) @ 3_?22/3 ;;Z‘;:]?sinm) o Wash and dry f required. ;
( N\ [ : )
ning * o Dry the leaves to reduce moisture (< 10%).
Clea. 4 Dl'y'l.ll 8 and e Remove foreign matter.
Size Reduction e Grind to suitable particle size (coarse powder) to increase
\ /| surface area for extraction.
'S E ™
Extraction Solvent extraction (e Powdered material is extracted with suitable solvent )
(n-Hexane / Petroleum ether / (ethanol 50-70%) at 60-80°C for 2-4 hours with stirring
Ethanol / Methanol / Hydroalcoholic or percolation.
solvent 50-90%) o Artemisinin is soluble in organic solvents (e.g., ethanol,
. (60-80°C, 2-4 hours) . methanol, dichloromethane).
(i . . _— R ( a . A
Filtration Artemisinin e Separate the plant residue by filtration.
= containing o Filtrate contains artemisinin along with other
L extract )L soluble constituents (chlorophyll, waxes, oils, etc.). )
[ Concentration ) L | [ o Filtrate is concentrated under reduced pressure )
i (vacuum evaporation) to remove excess solvent
| ‘ | and obtain a concentrated extract.
e . . E\
. : Column chromatoeraph o Concentrated extract is purified by column chromatography
Purification e ey using suitable solvent system (e.g., hexane:ethyl acetate or
(Chromatography) (Bilictig=tiSeptiadeg chloroform:methanol).
Preparative HPLC) e Impurities are removed (waxes, pigments, fats, etc.).
[ Crystallization ) (e Purified fraction is concentrated and cooled to crystailize artemisinin. )
o Crystallization can be induced by slow evaporation or addition
L ) of a non-solvent (e.g., water or hexane).
r N rEr r By
0 s . o Artemisinin crystals are separated by filtration.
Filtration and Dlymg o Washed with cold solvent (e.g., ethanol/hexane) to remove impurities.
e Dried in a tray dryer or vacuum oven at 40-60°C to obtain pure artemisinin
\ ) \__ (moisture < 0.5%). 3
( ke e - ) (e White to pale yellow crystalline powder of artemisinin.
(Finl Product) o T
< e Packed in airtight, light-resistant containers.
. ( l'mt) J e Quality control: HPLC, UV, IR, melting point, etc. )

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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e Y =Y - .. - 4 _-
1. Introduction 2. Chemical structure of Artemisinin | 3. Plant source | 4. Methods of Estimation
¢ Artemisinin is a sesquiterpene } 1 HPLC (most accurate and widely used)
lactone (endoperoxide) isolated |
from Artemisia annua. : .
. . . | HPTLC (simple and reliable)
e [t is a potent antimalarial agent 2 e
used for treatment of ’ -
Plasmodium falciparum 3 UV-Visible Spectrophotometry
malaria ﬂ (less specific)
e Artemisinin content in crude (@] Artemisia annua 4 GC-MS (for detailed analysi
s : i : ysis)
drug and formulations is Artemisinin (Family: Asteraceas)
estimated mainly by HPLC, Dried aerial parts contain : e
HPTLC or UV s bgzctslfo hotomer.ry (C15H2,05) 0.01~1.5% artemisinin S  LC-MS (highly sensitive)
P P MOIECUIar WElght 282.33 g/ mol ) (depending on variety and growing conditions).
A. HPLC Method (Standard Method) © ic oo Civicad
HPLC conditions (Typi
o Preparation of standard solution e Preparation of sample solution S T ClB 8250 ey e o HPLC chromatogram
| | Spm) i P
Accurately weigh Extract with < Acetonitrile : Water | 350 Artemisinin
| 10 mg of artemisinin methanol (or | Mobllephase | (6040 yy) | (bz/%:82 ir)
and dissolve in methanol:water Flow rate | 1.0 mL/min | 200
= 1 methanol to make up 70:30) using = UV at 210-220 |
' tol0mL \  sonication or Detection {zmanm Comm(;ﬁ;, used) | o 150
. (1000 pg/mL). _ reflux, filter and ecti I 20 ul i 100
Further dilute to get el "\ make up to clnjolum;nwv:lum 33 ijc i
(standard) working standard Dried aerial parts ~ / \ known volume | | = : 50
E— —f solutions of Artemisia annua (e, 10 mL). | Run time | 15-25 min | g
10 1 | Retention time Artemisinin: 6-10 min 4 : ' . - : ) :
mg (10-100 pg/mL). (1g) (typical) | e nlg onsvston 0 2 ;ﬂeni,mn t?me (]n?un) 12 14
| — — p— — J
5. Calibration curve 6. Calculation | 7. Advantages |/ 8. Limitations
|
200000 Amount of artemisinin in sample is calculated * Highly accurate, specific and IFs Requires HPLC instrument
y = 1925x + 856 using the regression equation from calibration curve. sensitive. and standard artemisinin.
150000 R2 = 0.999 ‘ CxVxD x 100 ‘ | ¢ Can separate artemisinin from other o Time-consuming compared
© Artemisini tent (% e constituents.
g 100000 = (Q60/%) W x 104 s Suitable for quality control of crude . tSOenL.[s\iftiI:}:tttog;itracti oh
Where, drug and formulations. :
é 50000 C - Concentration obtained from calibration curve (jg/mL) ¢ Can be used for stability studies. CHy - "C“;t]e‘ﬁl‘iii‘;d ‘jft‘;‘l::; lj:ljiiat:dllng.
v Final volume of sample extract (mL) compounds may occur

T 1
0 20 40 60 80 100

=)
=}
(LT T T T

Dilution factor (if any) (i G L
incorrect estimation if
: w Weight of sample (mg) method not optimized).
Concentration (pg/mL) 104 Conversion factor (pg to g and % calculation) CHs | ‘

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Artemisinin

Artemisia annua
(Family: Asteraceae)

Leaves contain
Artemisinin

Utlllzatlon of Artemlslnm

\ :
e Artemisinin and its derwatlves (artesunate artemether dihydroartemisinin)
are highly effective antimalarial drugs.

e Used for treatment of Plasmodium falciparum and multi-drug resistant malaria.

e Recommended by WHO in Artemisinin-based Combination Therapy (ACT).
e Act rapidly and reduce parasite load by generating free radicals.

_ Anticancer potential

e Artemisinin derivatives show selective cytotoxicity against cancer cells
(e.g., breast, lung, liver and colon cancer).

e Induce apoptosis and inhibit tumor cell growth.

e Research is ongoing; used in combination with other anticancer agents.

Anti-inflammatory and immunomodulatory use ~ 3.*

e Inhibits release of inflammatory mediators (e.g., NF-kB pathway).
e Useful in inflammatory and autoimmune disorders (under study).
e May help in reducing oxidative stress.

i Cancer cells
(apoptosis) |

[
@ 9 jpflammatory

P_l @@ mediators
; " X° ]

500

~ Antiviral and antimicrobial use

e Shows activity against certain viruses (e.g., Hepatitis B, SARS-CoV-2 - under study).
e Exhibits activity against bacteria, fungi and parasites.
e Used in research for new antimicrobial drug development.

Other potential uses

e Neuroprotective effects (useful in neurodegenerative diseases - under study).
e Anti-fibrotic activity (may help in liver fibrosis).

e Potential use in treatment of schistosomiasis (parasitic infection — under study).
e Investigated for use in skincare and anti-aging formulations (antioxidant activity).

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry




www.pharmrecord.com

4. Diosgenin

1. Source and Plant Profile 2. Chemical Structure
| of Diosgenin of Diosgenin

‘ @ Biological source: Dried tubers

(rhizomes) of Dioscorea deltoidea CH;
‘ and Dioscorea floribunda

‘ (syn. Dioscorea spp.).

Family: Dioscoreaceae.
Common name: Wild yam,
Chinese yam, Indian yam.

® Part used: Underground tubers
(rhizomes) containing diosgenin.
Active constituent: Diosgenin

(steroidal sapogenin). J ‘ Diosgenin

Geographical distribution: Dioscorea deltoidea (C27H,4,03)

Native to t'ropica! and subt;opica..l (Whole plant) Molecular formula : C,,H,,0,

regions, widely distributed in India, =

China, Africa, Mexico and Molecular weight :  414.62 g/mol

South America. Chemical class :  Steroidal sapogenin

oy (spirostane type)
IUPAC name : (3B.5a,25R)-spirost-5-en-3-ol
Key structural :  Steroid nucleus (spirostane skeleton)
features with a spiroketal side chain at C-17
| i and a hydroxyl group at C-3.
Tubers (rhizomes) Leaves S J
_ _ P .

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Industrial Production of Diosgenin

Raw Material Select good quality Dioscorea tubers containing diosgenin (2-6%).
(Dioscorea species tubers) * Remove soil, stones, roots and foreign matter.
L (Dioscorea sp.) Dioscorea plant (2-]%% diosgenin) ) & C ML oy T J
i : . (e Clean the tubers and cut into small pieces. )
Cleal_lmg, Dry“!g and e Dry to reduce moisture (< 10%).
Size Reduction e Grind to suitable particle size (coarse powder) to increase surface
> _ |__ area for extraction. )
. Solvent extraction p “
Extraction (Ethanol / Methanol / o Powdered tubers are extracted with ethanol, methanol or hydroalcoholic
Hydroalcoholic solvent 50-90%) solvent (50-90%) at 60-80°C for 2-4 hours with stirring or percolation.
% (60-80°C, 2—4 hours) ) |_® Diosgenin is soluble in organic solvents.
f " = 7 AW a ™\
. z | s Diosgenin e Separate the plant residue by filtration.
Filtration b 4 containing e Filtrate contains diosgenin along with other saponins and
i extract )L steroidal constituents. .}
' . —— ) \( : : )
Concentration . 16 o Filtrate is concentrated under reduced pressure
1. 4 (vacuum evaporation) to remove excess solvent
{ Al 1 J | and obtain a concentrated extract. )
Purification Column chromatography e Concentrated extract is purified by column chromatography using B
(Silica gel / Sephadex / suitable solvent system (e.g., hexane : ethyl acetate or chloroform : methanol).
(Chromatography) Preparative HPLC) .C Removes impurities such as other saponins, sugars, pigments and fats.
[ llizati (e Purified fraction is concentrated and cooled to crystallize diosgenin.
Crysm tion e Crystallization can be induced by slow evaporation or addition of a non-solvent
L | (e.g., wateror hexane). 3
Filtration and Washing (e Diosgenin crystals are separated by filtration. |
& Washed with cold solvent (e.g., ethanol/hexane) to remove adhering impurities. )
Drying (o The washed crystals are dried in a tray dryer or vacuum oven at 40-60°C 0
to obtain pure diosgenin (moisture < 0.5%).
- L —
( s 5 5 - F =
: * e White to off-white crystalline powder of diosgenin. B
Pure Diosgenin e Purity: > 95% (by HPLC).
(Final Product) e Packed in airtight, light-resistant containers.
| ) |_ ® Quality control: HPLC, UV, IR, melting point, etc. )

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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I = o ae - “‘I
1. Introduction [2. Chemical structure of Diosgenin = 3. Plant source 1 ‘ 4. Methods of Estimation |
e Diosgenin is a steroidal sapogenin & (most widely used,
obtained from plants such as ChHg 1| HPLC highly accugate)
Dioscorea spp. (wild yam).
e It is an important precursor for 2 HPTLC (simple and cost-effective)
the synthesis of steroidal drugs .
(e.g., corticosteroids, oral 3 UV-Visible Speq:mphotometry
contraceptives, sex hormones). (after color reaction)
e Diosgenin content in crude drug = — : .
and formulations is estimated gl;ﬂlg?lmeﬂ/dDB]tOidea / DI‘(L‘,'COI‘:‘-: 4 GC-MS (for detailed analysis)
mainly by HPLC, HPTLC or JEng / SISCOrea compos|
UV spectrophotometry after (Family: Dioscoreaceae) TLC-Densitometry (semi-quantitative)
hydl’(I)JlYSLS (?f dlosgeng glycosides Molecular weight: 414.62 g/mol Tuber Cogsa‘lg?;cgg’ﬁsgmgemﬂ | > < |
: A = Lo X —_— \- -
A. HPLC Method (Standard Method) e LG oo il
conditions (Typi
o Preparation of standard solution o Preparation of sample solution C18 (250 mm x 4.6 o HPLC chromatogram
| e 5 pm) - R Diosgenin
i s Accurately weigh " Extract with I 250 = 13 2
’: 1 © 10 mg of diosgenin e ' methanol (or M°b’le phase &Cg?&lg}ﬁ . 500 v i)
and dissolve in : s methanol:water I o ——
)\ /M) | methanoltomake  didess M | 50:20) using Flow L 150
up to 10 mL R ultrasonication/ | Detection | at 203-210 nm =2
— \\ g = {Fl?.?l? u%/.rlr%}‘t — / - \ reflux, filter and ! In}lecm:n volume | 20 u(]:. E 100 |
urther dilute to get make up to | Column temp. | 30 °
| Diosgenin \ work;'ng standard 0?%‘;2:;:?3?5;; ﬁ- 4 known Eolume i Run time 15-25 min = -
(standard) K p i?(l}u_t;%%s gl (1g) ’ =F (e.g., 10 mL). | Retention time | Diosgenin: ~12-15 min
L 10 mg H : (typical) (depending on system) Retentlon isae i) |
5. Calibration curve 6. Calculation 1 ' 7. Advantages || 8. Limitations )
S— Amount of diosgenin in sample is calculated  Highly accurate, specific and | e Requires HPLC instrument
y = 1850x + 1020 using the regression equation from calibration curve. Eensi[tli_vq. i ] and standard diosgenin.
2 _ e Can distinguish diosgenin from g :
E 150000 T ‘ Diosgenin content (% w/w) = £ =M Doy 100 l | otherbsiteioidal compounds. l * E%%ﬁgiﬁggng compapect
W x 104 e Suitable for routine quality control reb ’ i ‘
‘% 100000 Where of crude drug and formulations. . iﬂﬁ;ﬁ%ﬁ?ﬁ;ﬁm
£ 50000 C = Concentration obtained from calibration curve (pg/mL) | | Reproducible and precise. GHa preparation.
V = Final volume of sample extract (mL) e Co-elution with similar
09 T T T T 1 D = Dilution factor (if any) [ steroidal compounds may
0 20 40 60 80 100 W = Weight of sample (mg) occur (method optimization
Concentration (pg/mL) 0* = Conversion factor (pg to g and % calculation) ‘ required).

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Diosgenin

Dioscorea spp.
(Family: Dioscoreaceae)

Mainly from
Dioscorea species
(e.g., D. deltoidea,

D. floribunda, D. composita)

Tuber/rhizome contain
diosgenin (steroidal saponin)

Utilization of Diosgenin

( Precursor for steroid hormone synthesis (Main utilization) 0
e Diosgenin is an important raw material for the semi-synthesis

of stercnd hormones.

e Used for the industrial production of corticosteroids, sex hormones
and other steroidal drugs.

e Widely used in pharmaceutical industry as a starting material. k\

Cortisone ydrocortisone
(a.ntl inflammatory)

:g (anti- mﬂammatory)

Progesterone Testosterone
_{fema e hormone) (male hormone) ./

Contraceptive use = {

Oral
Contraceptive Pills

e Diosgenin is converted to progesterone and other progestins,
which are used in oral contraceptives.
e Helps in prevention of unwanted pregnancy.

Treatment of menopausal disorders

e Used as a source for synthesis of estrogenic and progestogenic
drugs for hormone replacement therapy (HRT).

e Helps in relieving symptoms of menopause such as hot flashes,
mood changes and osteoporosis.

Anti-inflammatory and analgesic potential
e Diosgenin exhibits anti-inflammatory, analgesic and

immunomodulatory activities (under study).
e May help in conditions like arthritis and other inflammatory disorders.

Anti-diabetic and anti-obesity potential

e Shows potential in improving glucose metabolism and lipid profile
(under research).

. ® May help in weight management and prevention of metabolic disorders.

=== —
__L L ﬂ Helps in

[ .,%d\renght management

Cosmetic and nutraceutical use

e Used in skincare formulations for anti-aging and skin protection ' —_8 Skin health
(due to steroidal structure). Antiaging ), - . and anti-aging
e Included in nutraceutical products for general health and wellness. cf‘_"_/

—

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Source and Plant Profile
i of Digoxin

® Biological source: Dried leaves of
Digitalis lanata and Digitalis
purpured.

@ Family: Plantaginaceae
(Scrophulariaceae).

® Common name: Foxglove

| (D. lanata — Grecian foxglove,

[ D. purpurea — Purple foxglove).

@® Part used: Dried leaves
(containing cardiac glycosides
such as digoxin).

| ® Active constituent: Digoxin

(cardiac glycoside).

| ® Geographical distribution:

Native to Mediterranean region,
| widely cultivated in Europe, North
America, India (temperate regions)
and other parts of the world.

= g
Digitalis purpurea
(Whole plant)

(of Digitalis)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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2. Chemical Structure
of Digoxin

CH, CH,

HO O o o
CH, CH,

HO HO
OH OH

Digoxin
(C41H640 14)
Cu1HgsO1q
780.94 g/mol

Cardiac glycoside
(Cardienolide type)

(3B.5B,14B)-3-[(2,6-dideoxy-3-O-methyl-
a-L-ribo-hexopyranosyl)-(1—4)-[2,6-dideoxy-
3-O-methyl-a-L-ribo-hexopyranosyl]oxy]-
14-hydroxycard-20(22)-enolide

Molecular formula
Molecular weight
Chemical class

IUPAC name

Key structural
features

Steroidal nucleus (cardenolide) with an
o, B-unsaturated lactone ring at C-17 and
three digitoxose sugar units at C-3.
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P Industrial Production of Digoxin

Raw Material Select good quality Digitals lanata leaves containing digoxin (0.2-0.5%).
Divitalis | I Harvest at flowering stage (highest glycoside content).
(Digitalis lanata leaves) Remove foreign matter (stems, soil, dust).
L Wash and dry if required. J,
4 = 5 ™
Cleaning. Drvin o Clean the leaves and cut into small pieces.
. 8, Uyl 5 g o Dry to reduce moisture (< 10%).
and Size Reduction o Grind to suitable particle size (coarse powder) to increase surface
. . area for extraction. 9
( Solvent extraction (e Powdered! tracted with ethanol, methanol or hydroalcoholic |
Extraction (Ethanol / Methano / e Powdered leaves are extracted with ethanol, methanol or hydroalcoholic
o o . 3
Hydroalcoholic solvent 50-90%) 5 ;;"lven't (f50 £IO ]fl;) at 60 89 C fior 2;54 hours with stirring or percolation.
L (60-80°C, 24 hours) I igoxin is soluble in organic solvents. )
( - - Y D . 0 Py
Filtration Digoxin e Separate the plant residue by filtration.
containing 'y Filn-ate'coqtains‘ digoxin along with other cardiac glycosides
\ extract B (e.g., gitoxin, gitaloxin).
( 1 ] f (o Filtrate is concentrated under reduced pressure (vacuum evaporation) i
Concentration -~ N
to remove excess solvent and obtain a concentrated extract.
\ s J\ S
Purification Column chromatography "o Concentrated extract is purified by column chromatography using B
(Silica gel / Sephadex / suitable solvent system (e.g., chloroform: methanol or hexane: ethyl acetate).
(Chromatogr aphy) Preparative HPLC) 0 Separates digoxin from other cardiac glycosides and impurities. )
( Guvstalltiation (e Purified fraction is concentrated and cooled to crystallize digoxin. =)
Iy e Crystallization can be induced by slow evaporation or addition of a non-solvent
\ JI (eg., water or hexane).
{ 4 N\
Filtration and Washing e Digoxin crystals are separated by filtration. . e
e Washed with cold solvent (e.g., ethanol/hexane) to remove adhering impurities.
- L
( Drying (e The washed crystals are dried in a tray dryer or vacuum oven at 40-60°C
to obtain pure digoxin (moisture < 0.5%).
\ 7\ >
( N e (e White, crystalline powder of digoxin. )
P_ure Digoxin e Purity: > 98% (by HPLC).
(Final Product) e Packed in airtight, light-resistant containers.
& J\_e Quality control: HPLC, UV, IR, melting point, etc. )

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Introduction

e Digoxin is a cardiac glycoside

Estimation of Digoxin

2. Chemical structure of Digoxin

( | 3. Plant SOurce

4. Methods of Estimation

containing a steroid nucleus with 1 HPLC (most accurate and widely used)
an unsaturated lactone ring. |
e It is obtained from Digitalis leaves 2  HPTLC (simple and cost-effective)
(Digitalis purpurea and |
Digitalis lanata). UV-Visi
e —Visible Spectrophotometry
e Digoxin is used for the treatment of 3 S
congestive heart failure and o (after color reaction with Kedde reagent)
certain cardiac arrhythmias. HC 0 o : _ ) i
e Digoxin content in crude drug and . T 4 LC-MS (for detailed analysis) ‘
formulations is estimated mainly T 4 OH Digoxin Digitalis purpurea
by HPLC, HPTLC or UV (Family: Plantaginaceae) " . -
spectrophotometry after suitable (C41Hp4014) Dried leaves contain 0.2-1.0% ‘ 5  TLC-Densitometry (semi-quantitative)
extraction and purification. Molecular weight: 780.94 g/mol J| cardiac glycosides (mainly digoxin)
( e— =— — = - S — B
A. HPLC Method (Standard Method) © Heic condi —
HETC gondltisns (Typt @ nricaro
o Preparation of standard solution 9 Preparation of sample solution Column | C18 (250 mm = 4.6 mm, miggram
5 um) Dlgoxm
Accurately weigh ) Extract with Mobile phase | Acetonitrile : Water 200 = 13 8 min)
1 mg of digoxin methanol (or (35:65, v/v) or with 0.1%
/-‘ and dissolve in methanol:water |_phosphoric acid 150
methanol. Make up 80:20) using Flow rate | LOmL/min 1 5
it to 10 mL ultrasonication/ Detection UV at 220-225 nm -é 100
: (100 pg/mL). ™ — ) reflux, filterand  njection volume | 20 uL
(standard) [ \ Fm“?:‘er d—'%Ut%;‘;C%Et Powdered leaves of [ ?ﬁﬁ%éﬁlme | Column temp. | 30 °C 50
1mg - working stan Digitalis purpurea L - Run time 15-25 min
k j‘ ‘E’glgzllogsp g/mL) (1g) \ ¥ (e, 10, _Ret:e_nin:ion time | Digoxin:_ ~12-16 min 07 . 10
_— i - N (typical) (depending on system) 7Retent101:17n_m i(fnﬂ‘)i
5. Calibration curve 6. Calculation 7 Advantages 8. Limitations
Amount of digoxin in sample is calculated f Highly accurate, specific and | * Requires HPLC instrument
100000 y= 92300)( +1250 using the regression equation from calibration curve. sensitive. i . %{;ﬁg}ggﬁgﬁ‘rﬁlﬂ%@g% e
« 80000 R?=0.999 A e CxVxDx100 ' . Ccifrzi;ip;l;it(; ﬁfgxm from other to UV method. g P
ﬁ 60000 ‘ W x 10* . S}Jitabclle fdor mutidmfe qua.lilty control ‘ b i’)‘l‘;‘iﬁ”e solvents and
Where Gloatliae Qv o JoFIN s, ‘ e Sensitive to extraction
E 40000 C = Concentration obtained from calibration curve (pg/mL) i : Condrsprocudbilily sad ]JI'ECJSIOII method and sample

0¥ T T r T
2 4 6 8
Concentration (ug/mL)

10

Final volume of sample extract (mL)
Dilution factor (if any)
Weight of sample (mg)

A4
D
w
10*

Conversion factor (g to g and % calculation) \ "

Useful for stability studies.

preparation.

Co-elution with other cardiac
glycosides may occur
(method optimization
required)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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'

Digoxin

Digitalis purpurea
(Family: Plantaginaceae)

Dried leaves contain
cardiac glycosides
(mainly digoxin)

Utilization of Digoxin

" Cardiovascular use (Main utilization) vl fclaion |
e Used in the treatment of congestive heart failure (CHF). ‘WW
e Increases the force of myocardial contraction ;
(positive inotropic effect). Cor;txll%cg gv:g;rﬁlt;l:ar prysute
e Helps in management of atrial fibrillation

(controls ventricular rate).

' Mechanism-based therapeutic use

e [nhibits Na*/K*-ATPase in cardiac muscle.
e Increases intracellular Ca** — enhances myocardial contractility.

e Increases vagal tone — decreases heart rate and conduction
through AV node (useful in atrial fibrillation).

Na*/K*-ATPase
(Inhibited by Digoxin)

Use in arrhythmias (Atrial fibrillation)
e Slows conduction through the AV node.

e Helps in controlling ventricular rate in atrial fibrillation
and atrial flutter.

Clinical formulations =

e Available as tablets, capsules, oral solution and injection. H Tablets n:;-_' ; -
; ; s : n
e Used in standard doses under medical supervision. 0.25 mg .H}Sﬁt’i‘;.,

e Narrow therapeutic index — dose adjustment required. g

" Other potential uses (under study / limited)

e Investigated for anti-cancer activity (induces apoptosis in some cancer cells). i@
e Studied for anti-viral activity (e.g., against certain viruses). 3

e Potential neuroprotective effects (under research). A;Et'ecgtni;fr m}“:ﬁl Neurgfgerg:se cuye

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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6. Atropine

1. Source and Plant Profile

of Atropine

Biological source: Dried leaves and
flowering tops of Arropa belladonna,
Datura stramonium and Hyoscyamus niger.
Family: Solanaceae

(nightshade family).

Common name: Belladonna,

Deadly nightshade (Awropa belladonna); |
Thorn-apple (Datura stramoriiuni);

‘ Henbane (Hyoscyarmius niger).

Part used: Dried leaves

and flowering tops.

Active constituent: Atropine
(tropane alkaloid).

Geographical distribution:

Native to Europe, Western Asia and

I North Africa; widely cultivated in
temperate regions ot the world including
India, Europe and North America.

- B, — y - V& o

Leaves

Atropa belladonna
(Whole plant)

2. Chemical Structure
of Atropine

O

H OH

Atropine
(C17H3NO3)

C17H23N03
289.37 g/mol

Tropane alkaloid
(ester of tropine and tropic acid)

Molecular weight

Chemical class

IUPAC name (*+)-8-Methyl-8-azabicyclo[3.2.1]oct-3-yl

(2R S)-3-hydroxy-2-phenylpropanoate

Key structural
features

Tropane nucleus (8-azabicyclo[3.2.1]octane),
ester linkage with tropic acid,

1
[
|
[
|
Molecular formula
‘ hydroxyl group and phenyl ring.

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Industrial Productlon of Atropine

f

Raw Material e Select good quality Atropa belladonna leaves containing atropine (0.3-0.8%). |
(Atropa belladonna eaves § s ks el )
Atropa belladonna) e R
(Atropa o Wash and dry if required. )
Cleaning rying s e Clean the leaves and cut into small pieces. 3)
: D 3 and 7 e Dry to reduce moisture (< 10%).
Size Reduction . e Grind to suitable particle size (coarse powder) to increase surface

area for extraction.

Solvent extraction

Extraction (Ethanol / Methanol / e Powdered leaves are extracted with ethanol, methanol or hydroalcoholic
Ethanol-water 60-80%) solvent (60-80%) at 60-80°C for 2—4 hours with stirring or percolation.
(w_sooc’ 2-4 hours) L] Airopine is soluble in alcohol and water-alcohol mixtures.

e Separate the plant residue by filtration.
e Filtrate contains atropine along with other tropane alkaloids
(hyoscyamine, scopolamine).

Filtration

\ B J
. = 7 o ; h
. e Filtrate is concentrated under reduced pressure (vacuum evaporation)
Concentration at low temperature (< 40°C) to remove excess solvent and obtain
[ a concentrared extract.
Purification c%gﬁ?; ;ggnﬁm?y ° C(_)t;blctinmﬁ t:xﬁact is(pudﬂel:i] by ;:olumn chrome;tog!h'.';phy usintg et
Chroma h (Elution with suitable solvent SN SR C R U i e e S
( tography ) _.- k system e.g., chloroform : methanol) e Separates atropine from other alkaloids (hyoscyamine, scopolamine).
f Crystallization ! e Purified fraction is concentrated and cooled to crystallize atropine.
e Crystalllization can be induced by slow evaporation or addition of a
non-solvent (e.g., water or hexane). Y
ﬁ Pre————————

S - 4
. . . W e 'l e Atropine crystals are separated by filtration.
Filtration and Washmg e e ¢ o Washed with cold solvent (e. g., ethanol/hexane) to remove adhering impurities.
. AgE 4 _.—__.__._J

R e
° Washed crystals are dried in a tray dryer or vacuum oven at 40-60°C
to obtain pure atropine (moisture < 0.5%).

: e White, crystalline powder of atropine.

p ] e Purity: > 98% (by HPLC).
(Final Product) ; ® Packed in airtight, light-resistant contarirers.
- o Quality control: HPLC, UV, IR, melting point, etc. )

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Introduction 2. Chemical structure of Atropine | 3 Plant source

e Afropine is a tropane alkaloid (B
occurring in plants of Selanaceae
family, mainly in Atropa belladonna,
Datura spp. and Hyoscyamus niger.

HyC—
e [t is a racemic mixture of
hyoscyamine (l-isomer) and
atropine (dl-isomer).

4. Methods of Estimation

1 HPLC (most accurate and widely used)

l 2  HPTLC (simple and cost-effective) |

3 UV-Visible Spectrophotometry ‘

S y o (after derivatization, e.g., with
s Atropine is used as an antimuscarinic

; : orthaphosphoric acid) |

agent in t]ﬁ%] t;]el%]nnent of bradycardia, )
spasm, op ic examination etc. o ; :

e Atropine content in crude drug and Atmpme ‘&,ﬁa_bsﬂl;‘izzgg 4  GC-MS (for detailed analysis) |
formulations is estimated mainly by (C17H23NO3) s ¥: ey A B o
HPLC, HPTLC, GC or UV , ”etotgf T gﬁ(‘m e 5 TLC (for qualitative estimation)
spectrophotometry after derivatization. Molecular weight: 289.37 g/mol | (primarily hyoscli,amne and atropine). |

—— = =
A. HPLC Method (Standard Method) © HPLC conditions (Typical)
o Pmparatl.on of standard solution e Preparation of sample solution Column ~ C18 (250 mm x 4.6 mm, 0 HPLC chromatogram

5 pm)
Accurately weigh | Aropine

10 mg of atropine

Extract with Mobile phase Acetonitrile : 0.1% formic 200
: methanol (or L_ acid in water (40:60, v/v) | (tg = 7 1 min)
and dissolve in 2 A methanol:water Flow rate 1.0 mL/min 150
methanol. Make up G SERIESS )\ 80:20) using Detection | UV at 210-220 nm | =5
to 10 mL 3 /| ultrasonication/ (215 nm commonly used) E 100
Atropine (1000 pg/mL). e = reflux, filterand  Injection volume | 20 pL b
Further dilute to get f = \ ak t Bl ]
(standard) g Powdered leaves of make up to ' Column temp. | 30 °C 50

Y working standard Atropa belladonna known volume == ; i
10 mg solutjons P o &_,_4 (eg. 10mL) | Runtime | 10-15 min o
{10-100 pg/mL). Retention time | Atropine: ~6-8 min
- (typical) (depends on system) Retentmn time (mm)
5 Callbrat:lon curve 6. Calculation |15 Advantages 8. Limitations
Amount of atropine in sample is calculated | « Highly accurate, specific and e Requires HPLC instrument
100000 y = 985x + 1250 using the regression equation from calibration curve. sensitive. %n standard atropine. o
2 = e Can separate atropine from other e Time-consuming compar
it s =000 | Atropine content (% w/w) = Crix Dol l ‘ tropane alkaloids (e.g., hyoscyamine, to UV method.
@ 60000 W x 10* scopolamine). e Expensive solvents and
Suitable for routine quality control column.
-5 40000 Where, g of crude dru; i Sensiti i
3T i i ¥ g g5 and formulations. » Sensitive to extraction
& 20000 | S” = %nlacient{anon ?btame]d mﬁﬁgﬁm (kg/mL) || e Good reproducibility and precision. 4 method and sample
g ne g O SIS e Useful for stability studies. preparation.
0 T T T T . D = Dilution factor (if any) | e Co-elution with other
0 20 40 60 80 100 W = Weight of sample (mg) tropane alkaloids may occur
Concentration (ug/mL) 10* = Conversion factor (ug to g and % calculation) ‘ 5I£FE3% )optumzamon

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Atropine

HaC—N._

Atropa belladonna
(Family: Solanaceae)

Dried leaves and roots
contain atropine
(tropane alkaloid)

Utilization of Atropine

e Atropine is a competitive antagonist at muscarinic
acetylcholine receptors.
e Blocks parasympathetic actions of acetylcholine.

e Used to reduce excessive secretions and smooth
muscle spasm.

Acetylcholine
(Muscarinic receptor)

 Ophthalmic use
e Produces mydriasis (dilation of pupil) by blocking
muscarinic receptors in the eye.
e Used in eye examination (fundus examination).

¢ Also used in treatment of uveitis and to prevent
synechiae.

Gastrointestinal use

e Reduces gastrointestinal motility and secretions.

e Used in treatment of intestinal colic, diarrhea
and peptic ulcer (adjunct).

Respiratory use

¢ Reduces bronchial secretions.
e Used as pre-anesthetic medication to dry respiratory
secretions and prevent vagal bradycardia.

Mydriasis
(dilated pupil)

J

Reduces
smooth muscle spasm
and secretions in GIT

Cardiovascular use

e Increases heart rate by blocking vagal action on SA node
(used in bradycardia).
e Used in atropine test to assess vagal tone.

Atgosine Reverses
e Used as an antidote in organophosphorus and carbamate P {Teduscanmc EESCTS
poisoning (reverses muscarinic effects). Organophosphate HEES SEErcuons
e Reduces excess salivation, bronchorrhea and bronchospasm. poisoning gipronchoseom) ]

\

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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7. Podophyllotoxin

1. Source and Plant Profile 2. Chemical Structure
i of Podophyllotoxin of Podophyllotoxin
@ Biological source: Dried rhizomes > o i 4 H
and roots of Podophyllum hexandrum ~ ':'
(Indian podophyllum) and H;CO o =
Podophyllum peltatum O
(American mayapple). 4
® Family: Berberidaceae. H;CO o = =
® Common name: Indian mayapple, I S H o
Himalayan podophyllum |
(P. hexandrum); Mayapple
(P. peltatumnt).
@® Part used: Dried rhizomes and H;CO OCH,;
roots (contain podophyllotoxin OCH
~4—8%). Z L S, TR " Podophyll ts i
@ Active constituent: Podophyllotoxin Podophyllum hexandrum OOy S IOPOXIN
. (lignan). (Whole plant) (C2H,,05)
® Geographical distribution: Native to ‘ (" Molecular formula 2 C,,H,,04
Himalayan region of India (Jammu & Kashmir, Molecul ioht s
Himachal Pradesh, Uttarakhand); also native 2 ecu ax welgh - 41.4'40 g/mol —
to North America (P. peltatum). Grows in cool, ‘ Chemical class : Lignan (ary Itetralin lignan),
temperate forests at high altitudes. | cyclolignan
4 ey 2> Miws ||| TUPAC name : (5R,5aR,8aR)-5-(3,4,5-trimethoxyphenyl)-
. 5,5a,8,8a-tetrahydro-[1,3]dioxolo[4,5-g]
‘ isochromen-6-one
Key structural : Aryltetralin lignan with a lactone ring,
f ; ! features four methoxy groups (—OCH5) and
Dried chizomes [ - = | stereocenters at C-5, Sa and 8a.
o 4
_ - . N v,

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Industrial Production of Podophyllotoxin

Raw Material e Collect good quality Podophylluni riuinmmmes/roots containing
hyllum t rhizomes/roots podophyllotoxin (1-3%).
(I(,m"im hexl:zl::mm /P pehatum)) ® Harvest at proper maturity (3-5 years old plgmts). )
: e Clean to remove soil, foreign matter and dry in shade or hot air oven.
eanin rying e Wash, clean and cut rhizomes into small pieces.
C Si %ie?l . and e Dry to reduce moisture (< 10%).
L ize Reduction _ e Grind to coarse powder to increase surface area for extraction. )
i . Solvent extraction o Extract powdered rhizomes with ethanol, methanol or )
Extraction (Ethanol / Methanol / hydroalcoholic solvent (60-80%) at 60-70°C for 2-4 hours.
. Hydroalcoholic solvent 60-80%) Filter and collect the extract.
L [ 60-70°C, 2-4 hours (Soxhlet / Percolation) Podophyllotoxin is soluble in organic solvents (alcohol, chloroform, etc.).
p- —
. : Separate plant residue by filtration.
Filtration e Filtrate contains podophyllotoxin along with other lignans, resins,
\ waxes and impurities. )
[ N
: ® Filtrate is concentrated under reduced pressure (vacuum evaporation)
Concentration [ at 40-50°C to remove excess solvent and obtain a concentrated extract.
\ J
Purificati Column chromatography e Purify concentrated extract by column chromatography using )
OaG (Silica gel / Sephadex) silica gel or Sephadex.
(Chmmatography) using suitable solvent system e Elute with suitable solvent system (e.g., chloroform : methanol).
(e.g. chlorofog 1n¢thanol) ® Separates podophyllotoxin from other lignans (podophyllotoxin, podophyllin, etc.).)
-
o e o Purified fraction is concentrated and cooled to crystallize podophyllotoxin. é
Crystalllzatlon e Crystallization can be induced by slow evaporation or addition of a
\. non-solvent (e.g., water or hexane). )
[ D
: H hing @ Podophyllotoxin crystals are separated by filtration.
L Filtration and Was [o Wash with cold solvent (e.g., methanol/hexane) to remove adhering impurities. J
4 N\
Dl'yi[lg ® Wash the crystals are dried in a tray dryer or vacuum oven
\ at 40-50°C to obtain pure podophyllotoxin (moisture < 0.5%).
-’
{: . A . N
. e Off-white crystalline powder of podophyllotoxin.
Pure Podophyllotoxin e Purity: > 98% (by HPLO).
(ﬁnal Product) e Packed in aitright, light-resistant containers.
\. ® Quality control: HPLC, UV, IR, melting point, etc. P

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Estimation of Podophyllotoxin

‘1. Introduction

e Podophyllotoxin is a li
isolated from plants of the genus
Podophyllum, mainly Podophyllum
hexandrum (Indian mayapple).

e [t is a cytotoxic compound used as
a precursor for semi-synthetic
anticancer drugs such as etoposide,
teniposide and etoophos.

e Podophyllotoxin content in crude
drug and formulations is estimated
mainly by HPLC, HPTLC or

UV spectrophotometry.

2. Chemical structure of Podophyllotoxin

Podophyllotoxin
(C22H2208)
Molecular weight: 414.41 g/mol

[ A. HPLC Method (Standard Method)

3. Plant source [

Podophylium hexandnan
(Family: Berberidaceae)

Rhizomes and roots contain 0.5-4.0%
podophyllotoxin (depending on source,
age and growing conditions).

9 HPLC conditions (Typical)

o o . . C18 (250 4.6 3
o Preparation of standard solution Preparation of sample solution ‘ Sohgia 5 pnf T
Accurately weigh | B f‘é‘??&“ n}ile)z o Vi
Extract with i -40, v/v) or
10 mg of ] Mobile phase | 4 cetonitrile : 0.1% Formic acid
podophyllotoxin (or methanokwater —————— (50:50, v/v)
//-\ and dissolve in 80:20) usiné | Flow rate 1.0 mL/rmn |
methanol. Make up . \ ult;'asonication/ Detection UV at 291 ] 5
Podophyllotoxin to 10 mL I8N e | Chanun 0 poiogtioiia) | 3
(standard) = (1000 pg/mL). S T Wi | Injection vohume | 20 L.
10 Further dilute to get  Powdered rhizomes knowa vohire | Column temp. 0°C
mg working standard of Podophy(lum f tag. A0iml). [ Run time 10—20 min
== 7 solutions hexandrum = iy, e e o
- (10-100 pg/mL). g Retention time odophyllotoxin: ~ min
H | (typical) (depe ing on system)
5. Calibration curve 6. Calculation ] = Advantagﬁ
Amount of podophyllotoxin in sample is calculated Highly accurate, specific and
100000 ¥= 92320?‘ + 1260 using the regression equation from calibration curve. selr%s},llt}{ve pee
R?=0.999 e Can separate podophyllotoxin
80000 st
| Podophyllotoxin content (% w/w) = E x> D100 | from other lignans and impurities.
g 60000 W x 10* e Suitable for routine qualit
40000 Where ;:onr_roll of crude drug andy
i . . S ormulations.
g 20000 5 z Cm.fa(i'em}amn ?btamefl mx;necﬁjimt)m curve (pg/mL) || 4 Reproducible and precise.
i Final volume ot sumple exirat || e Useful for standardization and
0~ T T T T 1 D = Dilution factor (I.f aIIy) Stablllty studies.
0 20 40 60 80 100 | W = Weight of sample (mg)
Concentration (pg/mL) 10* = Conversion factor (pg to g and % calculation) J .

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

TLC (for qualitative estimation)

o HPLC chromatogram ‘

4. Methods of Estimation

HPLC (most accurate and widely used)

UV-Visible Spectrophotometry ‘
(after derivatization) |

HPTLC

LC-MS (for detailed analysis)

Podophyllotoxin
200 - (tg = 'lC:‘S min)
150 A
100 A
50 4
0 _'JLA ———

0 2 4 6 8 10 12
Retention time (min)

I',_ - - -

8. Limitations

o Requires HPLC instrument
and standard podophyllotoxin.

e Time-consuming compared
to UV method.

e Expensive solvents and
column.

e Sensitive to extraction method
and sample preparation.

e Co-elution with other lignans
may occur (method
optimization required).

14 l6|
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(i T, 7 : g RIS g s : A
r _ Anticancer use (Main utilization) mblﬂ‘:sg;gmb"ie
POdOthllOtOXln e Podophyllotoxin and its semi-synthetic derivatives (etoposide 2200 o o oo o0
OH and teniposide) are important anticancer drugs. g ':‘f"“ e g x @ 0 Q
e Used in treatment of various cancers such as testicular cancer, ""n.'.:::: .
H;CO small cell lung cancer, lymphoma and leukemias. e
e [nhibit microtubule assembly by binding to tubulin — PUbin subnits Microtubule formatlon
O k prevents cell division (mitotic arrest). blocked )
(@) — :
= 2 f . ® )
o iH O Antiviral use
e Shows activity against certain viruses (e.g., HPV, herpes simplex virus) Viral replication
H.CO | — under research. e
2 S OH | e Inhibits viral replication by interfering with microtubule function
6 1 and cell division. u B
Podophyllotoxin £ : ; y
(CyoHy;0g) Topical use (Warts and skin lesions) | 4
: : e Podophyllotoxin (10-25% solution/cream) is used topically for e Used for
treatment of genital warts and other viral skin lesions genital warts

(e.g., caused by HPV). and skin lesions
e Causes local cytotoxic effect and inhibits mitotic division

of infected cells.

Semisynthetic derivatives (Cli;li_cal use)

e Podophyllotoxin itself is highly toxic, so semisynthetic
. derivatives are used clinically.

: = e Important derivatives: Etoposide and Teniposide.
Podophyllum peltatum e Used in combination chemotherapy regimens for cancer treatment.

(Family: Berberidaceae) —=
dome anilseanin Other potential uses (Under study)
podophyllotoxin Investigated for antifungal activity.
(lignan) ° Studled for potential use in Alzheimer’s disease (inhibits microtubule 7 g ==
disruption). : Ati fu Neuroprotective
\. ) e Explored in combination therapies and targeted drug delivery systems. b otenti%d (ur?g:[;iﬁly) p
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8. Caffeine

Biological source: Dried seeds of

‘ Coffea arabica (Coffee), dried leaves

‘ of Camellia sinensis (Tea), dried leaves

| of llex paraguariensis (Yerba mate),

| and seeds of Theobroma cacao (Cocoa).

; Family: Rubiaceae (Coffel),

| Theaceae (Tea), Aquifoliaceae

‘ (Yerba mate), Malvaceae (Cocoa).

| Common name: Coffee, Tea, Cocoa,
Yerba mate.

Part used: Seeds (coffee, cocoa) and
leaves (tea, yerba mate).

Active constituent: Caffeine
(methylxanthine alkaloid).
Geographical distribution:

Native to tropical and subtropical
regions. Coffee — Ethiopia; Tea — China
and India; Cocoa — Central and South
America; Yerba mate — South America.
Widely cultivated worldwide.

Theobroma cacao
(Cocoa plant)

Carmnellia sinensis
(Tea plant)

o_ﬁ"e arabica
(Coffee plant)

Tlex praguariensis
(Yerba mate)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

' 1. Source and Plant Profile '
,‘ of Caffeine 7

2. Chemical Structure
of Caffeine

CH,

N O
H3C \N
Bt

(@) CH;

—
| Y
/
i
CH,
Caffeine
(CgH,;0N40O5)
CgH (N,O,
194.19 g/mol
Methylxanthine alkaloid
1,3.7-Trimethylpurine-2,6-dione

Molecular formula
Molecular weight
Chemical class
IUPAC name

Key structural features : Purine (xanthine) nucleus with
two carbonyl groups at C-2 and C-6
and three methyl groups at N-1, N-3

and N-7.
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Industrial Production of Caffeine

W N

-
Raw Material a e 4o o Select good quality tea leaves or coffee beans containing caffeine (1-4%).
(Tea leaves / Coffee beans) T CoTee hoas e Remove foreign matter, wash if required.
U] (Camellia sinensis) (Coffea spp.) \. y,
( Lo B\ i i 3
Cleaning, Drying and v v ; o Dry the material to reduce moisture (5-10%).
| Size Reduction = Y = s : 1= Grind to suitable particle size (coarse powder) to increase surface area for extraction.
( . -“ i . . . . . . B
Extraction Hot water e Powdered material is extracted with hot water (or dilute sodium carbonate solution) under
or dilute alkali controlled temperature (80-100°C) for 1-3 hours.
L (80-100°C) P ® Caffeine is soluble in hot water / dilute alkali.
( o ts Caffeine | [ : ;
Filtration Bt o Separate the plant residue by filtration.
extract - o Filtrate contains caffeine along with other soluble constituents (tannins, pigments, etc.).
- - /
r A [ B ( h
Concentration k e Filtrate is concentrated under reduced pressure (vacuum evaporation) to remove excess water
I and obtain a concentrated extract,
- % 3 il ¥ N J
. . : & - . = = - ~
Purification o The concentrated extract is treated with activated charcoal to remove pigments, tannins and
(Decolorization) { r——p other impurities.
TP Acclfz::;fld | Then filtered to get a clear solution containing caffeine. )
{ P = < > = = = r A
Separation of Caffeine t =3 — E r — o Adjust the pH (8-10) with sodium carbonate/ammonia to improve caffeine precipitation.
c— L |:J- = o ¢ On cooling, caffeine crystallizes out from the solution.
Clear extract A? mﬁﬁ“ Carf?ll_n 5
\ - crystallizes \ J
e r
Filtration and Washing o Caffeine crystals are separated by filtration.
L - Washed with cold water andlittle ethanol to remove adhering impurities.
Ve \
Drying e The washed crystals are dried in a tray dryer or vacuum oven at 60-80°C to obtain pure caffeine
L (moisture < 0.5%).
( Pure Caffeine e White, crystalline powder of caffeine (Purity: = 99%). h
b e Packed in airtight containers.
L (Final Product) ¢ Quality control by HPLC, melting point, etc. )

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Introduction

Caffeine (1,3,7-trimethylxanthine)
is a methylxanthine alkaloid
occurring in various plants such
as tea, coffee, cocoa, kola nut,
guarand and mate.

It is a central nervous system
stimulant used to reduce fatigue
and increase alertness.

Caffeine content in crude drug and
formulations is estimated mainly
by HPLC, HPTLC, UV
spectrophotometry or titrimetry
after extraction and purification.

Estimation of Caffeine

3. Plant source

E Chemical structure of Caffeine

CH3

H3c“‘n

Caffeine
(CgH,(N,4O,)

Molecular weight: 194.19 g/mol

{ A. HPLC Method (Standard Method)

o Preparation of standard solution

' ¢ Accurately weigh
10 mg of caffeine
and dissolve in

methanol. Make up

/ \ tolOmL
Caffeine [\ (1000 pg/mL).
standard) [ | Further dilute to get
working standard
10mg k; j solutions

(10-100 pg/mL).

5. Calibration curve

200000 y = 1985x + 750

R? = 0.999

04 T T

T
20 40 80

60
Concentration (ug/mL)

Coffee
(Coffea arabica)

1
2
3
4

Kola nut

Cocoa
(’Iheobmnm cacao) (Co!a acuminata)

e HPLC condltlons (Typical)

4. Methods of Estimation—W

HPLC (most accurate and widely used)
HPTLC (simple and cost-effective)

UV-Visible Spectrophotometry
(after appropriate extraction)

GC-MS (for detailed analysis)

Titrimetry (less common,
based on alkaloidal nature)

L

o Preparation of sample solution Column ' Elg (5250 mm x 4.6 mm, o HPLC chromatogram
| 2 pm
l > Caffeine
[ ; Methanol : Water
Extract with Mobile pf (30:70, v/v) or 250 (tr = 5 6 min})
methanol (or pobd
Acetonitrile : Water (20:80) 200
methanol:water 1 5 1
/'\I | 70:30) using _ Flow rate | 1.0 mL/min 55
/\ ultrasonication/ Detection a‘r"“m cﬁ:?é?ag';ri]ne) %
PR | LA S 100
el [ rn:f:%ﬂ}é,uﬁltg ol Injection volume | 20 pL
Powdered tea leaves | Hucup . 50
Tagoth ) known volume Column temp. | 30 °C
QEooILe pOWder (e ,10 mL). Run time 8-12 min
Retention time | Caffeine: ~5-7 min
(typical) | (depending on system) Retentmn tu'ne mm)
6. Calculation ‘ 7. Advantages [ 8. Limitations
Amount of caffeine in sample is calculated using e Highly accurate, specific and sensitive. '| e Requires HPLC instrument
the regression equation from calibration curve. e Can separate caffeine from other | and standard caffeine.
CxV xDx100 methylxanthines and impurities. i g;mﬁcggiﬁgémg compared
: - wWiw) = ‘ e Suitable for routine quality control : :
| Caffeine content (% w/w) W x 10° | of crude drugs and formulations. 2 (E:g u%‘il_ve solvents and
Where, o Bepradrst sabilitypresities. | * Sensitive to extraction
C = Concentration obtained from calibration curve (ug/mL) || 4 pmree]i:?:ﬁg t?gr? sample
| =
; & B‘S&;‘;ﬂgﬁ;ﬁ;ﬂ%ﬂ extract (mL) . Cgﬁlutlon &ntﬁ(l stEuncj‘lturally
= similar mef anthines
W = Weight of sample (mg) (e.g., theoph}ssf]hne theobromine)
10* = Conversion factor (ug to g and % calculation) ‘ ‘ ! may occur (method
! optimization required).

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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~

Caffeine
CHs

I
HaC NG S
0
N ews

Caffeine

Natural sources:

e Coffee beans
(Coffea arabica)

e Tea leaves
(Camellia sinensis)

e Cocoa seeds
(Theobroma cacao)

¢ Guarana seeds
(Paullinia cupana)

Family: Rubiaceae (Coffee)

Utilization of Caffeine

Central nervous system (CNS) use (Main utilization)

e Included in weight management products (mild thermogenic effect).

Increases
e Acts as a CNS stimulant (antagonist of adenosine receptors). alertness._,
e Increases alertness, attention, concentration and reduces fatigue. concentration
e Used to improve mental performance and reduce drowsiness. an? 1t'§duces
e Commonly used in beverages and over-the-counter products. G
~ Respiratory use s
e Stimulates respiratory centre (mild respiratory stimulant). respiration
e Used in treatment of apnea of prematurity (used in apnea
(in combination with other drugs such as citric acid — caffeine). of prematurity)
Cardiovascular use
: B . . Increases
e Mild positive inotropic and chronotropic effect. heart rate
e Can increase heart rate and cardiac output. and cardiac
e Used in some formulations for mild hypotension output
and to counteract drug-induced bradycardia (e.g., in anesthesia).
- Diuretic use
e Increases renal blood flow and glomerular filtration rate (mild diuretic). Mild diuretic
e Promotes excretion of sodium, chloride and water. effect
e Helps in reduction of fluid retention.
Therapeutic and pharmaceutical uses i
e Used in combination analgesic preparations for headache analgesic effect

(e.g., with paracetamol/aspirin) — enhances analgesic effect. and reduces
e Used to counteract drowsiness and enhance physical performance. drowsiness

Other potential uses
e Antioxidant activity (scavenges free radicals — under study).
e Potential role in neuroprotective effects (e.g., Parkinson’s and Alzheimer's - under study).

e Used in skincare and cosmetic formulations (anti-cellulite and anti-aging — under study?:

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

2 Antioxidant
= ¥ and cosmetic
potential

(under study)
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Biological source: Dried bark, leaves
and needles of Taxus brevifolia,
Taxus baccata and other species of
Taxus (yew tree).
Family: Taxaceae.
Common name: Pacific yew
(Taxus brevifolia), European yew
(Taxus baccata).
Part used: Bark (main source),
also leaves and needles.
Active constituent: Taxol
(paclitaxel) — a diterpenoid
(taxane) compound.
Geographical distribution:
Native to North America (7. brevifolia)
and Europe, also found in East Asia.
Cultivated in temperate regions
worldwide for commercial production
and semi-synthetic preparation.
{7 7

Bark
(Source of Taxol) (INeedles)

o~

1. Source and Plant Profile
of Taxol ‘

Taxus revifolia
(Whole plant)

Fruits (arils and seeds)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

2. Chemical Structure
of Taxol

H3;C C;H
Taxol (Paclitaxel) (o)
(C47H5,NO )
Molecular formula B C47Hs NO, 4
Molecular weight 2 853.91 g/mol

Chemical class
IUPAC name

Key structural % Taxane skeleton (tricyclic diterpene) with

features

‘e

Diterpenoid (Taxane)
(o40,5B,7B,108,13a)-4,10-Diacetoxy-
7,13-dihydroxy-1,6c-epoxy-9-oxotax-11-en-2-yl
benzoate 13-ester with (2R,3S)-N-benzoyl-3-
phenylisoserine

‘e

an oxetane ring, multiple ester groups,
hydroxyl groups and a C-13 side chain
derived from N-benzoylphenylisoserine.
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Industrial Production of Taxol (Paclitaxel)

e Raw Material T, A e Select mature bark or leaves of Taxus species containing taxol ]

(Taxus species bark/leaves) (0.01-0.05%). e
(Taxus brevifolia, T. baccata) ® Harvest sustainably (bark is main source).

= Clean to remove soil, foreign matter and dry in shade or hot air oven. )
Cleaning, Drying and

" @ Wash and clean the bark/leaves. E)
R 3 e Dry to reduce moisture (< 10%).
Size Reduction
* =

=Y

e Cut into small pieces and grind to coarse powder to increase

\___surface area for extraction. J
Solvent extraction (e Extract powdered material with ethanol, methanol or )

(Ethanol / Methanol / hydroalcoholic solvent (60-80°C) for 24 hours (Soxhlet or percolation).

Hexane : Ethyl acetate e Filter and collect the extract.

60-80°C, 2-4 hours) J1_® Taxolis soluble in moderately polar organic solvents. )

Extraction

e Separate plant residue by filtration.
o Filtrate contains taxol along with other diterpenoids, lignans and
J\_ phenolic compounds. )

" @ Concentrate the filtrate under reduced pressure (vacuum evaporation) |
at 40-50°C to remove excess solvent.
J\_e Obtain a concentrated crude extract. J,

Column chromatography o Purify concentrated extract by column chromatography

(Silica gel / Sephadex / (silica gel, Sephadex or preparative HPLC).

Reverse phase HPLC) ® Use suitable solvent system (e.g., chloroform : methanol,
ethyl acetate : hexane).
. ® Separate taxol from other compounds (baccatin, cephalomannine, efc.).
(@ Purified fraction is concentrated and crystallized. )
e Crystallization can be induced by slow evaporation or addition of a
. non-solvent (e.g., hexane, water).

Filtration

Concentration

S

Purification
(Chromatography)

-

S/

"o Taxol crystals are separated by filtration.
_® Wash with cold solvent (e.g., methanol/hexane) to remove impurities.

'O_Dry the washed crystals in a tray dryer or vacuum oven
at 40-60°C to obtain pure taxol (moisture < 0.5%).

e White, crystalline powder of Taxol (Paclitaxel).
® Purity: >98% (by HPLC).

e Packed in airtight, light-resistant containers.

. ® Quality control: HPLC, UV, IR, melting point, etc.

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry



www.pharmrecord.com Estimation of 1 (Paclitaxel)

1. Introduction (2. Chemical structure of Taxol | 3. Plant source 4. Methods of Estimation )

e Taxol (Paclitaxel) is a diterpenoid
compound obtained from the bark
of Taxus species, mainly Taxus
brevifolia &’aaﬁc Vew).

e [t belongs to the class of taxanes
and is a potent anticancer agent
used in the treatment of breast
cancer, ovarian cancer, lung cancer
and other solid tumors.

HPLC (most accurate and widely used)

HPTLC (alternative method)
I

(less common, after suitable derivatization) ‘

LC-MS (for detailed analysis and

Taxus brevgfoba ..

1
2
3 UV-Visible Spectrophotometry ’
4
5

e Taxol tlzor}tent_m crude drug and comfitmat.on) \
iorrlgg I?Et:lr:ms Hls estéma_tt?ld LI}?nvamly Taxol (Paclitaxel) (Family: Taxaceae)
Y or HPTL/ Wi Bark contains 0.01-0.1% taxol itati imati
detection after extraction and (C47H5:NOy4) (depending on species, et TLC (for qualitative estimation) ‘
purification. MO]ECUIHI' Wﬂght 853.91 g/mol growmg COHdltlDIIS%
[ A. HPLC Method (Standard Method) | o HPLC conditions (Typical) ‘
o Preparation of standard solution o Preparation of sample solution Column glfm()?ﬁﬂ mm x 4.6 mm, o HPLC chromatogram
: P i — i Taxol
Accurately weigh Extract with - Acetonitrile : Water 250 4 e "
10 mg of taxcl 1t methanol (or Mobile phase | (60:40, v/v) or (tg = 11.5 min) ‘
(paclitaxel) and methanol:water | Gradient elution 200 4 }
/ ‘ issolve in methanol /"M | 80:20) using  Flow rate | 1.0 mL/min e
to make up to 10 mL / \ ultrasonication/ Detection | UV at 227 nm = J
Taxol (1000 pg/mL). - [\ reflux, filterand | | (Amax of taxol) . E 100 \
: her dil -~ -\ make up to known Injection volume | 20 pL
(standard) Further dilute to get . . ! \
| working standard Powdered bark of volume (eg. 10mL). | Column temp. | 30 °C 50 ~
10mg . solutions Taxus Spp. g Furtherdilute  "Runtime | 15-25min ' o A
(1-100 pg/mL). (1g) to suitable Retention time | Taxol: ~10-13 min 0 2 4 8§ B IN1214 16 1820
concentration.
|.\ . e S (iyplcal) (dependmg on system} _ Retention time (min)
e ik 3 (g - - -
5. Calibration curve 6. Calculation 7. Advantages || 8. Limitations
Amount of taxol in sample is calculated using the e Highly accurate, specific and sensitive. 52 Requires HPLC instrument
250000 y = 2450x + 1250 regression equation from calibration curve. e Can be used for routine quality control and pure standard taxol. .
R2 = 0.999 of crude drug and formulations o Time-consuming compare
§ 200000 | Taxol content (% w/w) = N« D100 ‘ [ (injections, tablets). to UV method.
= 150000 W x 10 e Separates taxol from other taxanes e Expensive solvents
A 100000 Where, and related impurities. gnd column.
o C = Concentration obtained from calibration curve (ug/mL) || o Reproducible and precise, = nfé’éié‘c‘{i rtl% i:;:'lacl;lon
& 50000 | V= Final volume of sample extract (mL) Suitable for stability studies preparation. P
04 . - . : D = Dilution factor (if any) | e Co-elution with other taxanes
0 20 40 60 80 100 'v'\-’ﬂ‘1 = Weight of sa.}nple (l(ng) e ‘ (eg., IO—deE'-Lce lbgccatin 111)
s 10* = Conversion factor (pg to g and % calculation may occur (metho
Concentration (ug/mL) J | optimization required). gl

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Paclitaxel
(Ca7H51NO14)

Taxus brevifolia
(Western Yew)
(Family: Taxaceae)

Bark contains paclitaxel
(diterpenoid, taxane)

 Taxol (Paclitaxel) ]

Utilization of Taxol (Paclitaxel)

" Anticancer use (Main utilization)

» Potent anticancer drug used in treatment of breast cancer, ovarian

cancer, non-small cell lung cancer and Kaposi’s sarcoma.

e Stabilizes microtubules and inhibits their depolymerization,
leading to mitotic arrest and apoptosis of cancer cells.

Stabilizes microtubules
(inhibits depoiymerizauon)

Microtubule stabilization

e Used alone or in combination chemotherapy regimens. (Preventd ol i)
= - —— - _— .
Mechanism of action Paclitaxel (Taxol)
.+ binds to ﬂ—tubu.lln Stable
e Binds to $-tubulin subunit of microtubules. l o » R TRl
« Promotes microtubule assembly and prevents depolymerization. O R reett (inhibits
| e Blocks mitotic spindle function — inhibits mitosis (M phase arrest). rupulin — AR LI depolymerization)
e Leads to apoptosis of rapidly dividing cancer cells. dimers <
Clinical formulations and use — R
' Taxol = Abraxene
e Available as injection (paclitaxel in Cremophor EL or albumin-bound %  (paciitaxel) 85 (nobepaciiaxel) ==
; el S Injection (’ — B for Injecable Sospens (7
form: nab-paclitaxel). 3 o X g
o Used in combination with other anticancer drugs (e.g., carboplatin, :‘%‘“ o ‘ Bl i m@'ﬁ:;,
doxorubicin, trastuzumab). N Forvuseony | Byt §> For IV use only 00mg |
e Used for breast, ovarian, lung and other solid tumors. w \\\__S‘fﬂ_ﬁ-—- Trtrse o |
Side effects "
e Myelosuppression (neutropenia), peripheral neuropathy. Oo 5
® Hypersensitivity reacti_oils (due to _Cremophor EL). Myelosuppression
¢ Hair loss, nausea, vomiting and fatigue. (low WBC)

_ Other potenti'al uses (fJnder_s'tudﬁ

e Investigated for treatment of other cancers (e.g.,
prostate, head and neck cancers).
e Studied for use in combination therapies and targeted drug delivery

pancreatic,

systems (e.g., nanoparticle formulations). SR Drug-eluting
e Potential use in drug-eluting stents and other biomedical applications (ﬁ;ﬂ;ﬁg;er dtl:liéi::i)'?as?s“t:gns (unéiati'nstisud )
L (under research). (under study) k y

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry



www.pharmrecord.com

1. Source and Plant Profile il
' of Vincristine ;

| @ Biological source: Dried leaves ‘
| and aerial parts of Carharanthus
roseus (syn. Vinca rosea).

2. Chemical Structure
of Vincristine

@ Family: Apocynaceae.

® Common name: Madagascar
| periwinkle, Vinka, Sadabahar.
! ® Part used: Dried leaves
| (main source) and eerial parts.
| ® Active constituent: Vincristine
i (an indole zt]ka101fi). ) ) ‘ Vincristine
| ® Geographical distribution: ‘ (CL46Hs6INL4O4)

Native to Madagascar; widely y. |-
| cultivated in tropical and \ Molecular formula : C,H;N,O,
, subtropical regions including Catharanthus roseus Molecular weight : 824.96 g/mol
| India, Sri Lanka, Southeast Asia, (Whole plant) ‘ Chesiical claas . Indolo.clialod
' Africa and other parts of the world. | (Vinca alkaloid, dimeric alkaloid)
[ =

- - IUPAC name : Methyl (3B°16B)-16-((2R.3S)-3-
| \ (ethylcarbamoyl)-2-hydroxypropyl)-19,20-
| g didehydro-3.,4-dideoxy-vinblastine-3-carboxylate
| Key structural . Dimeric indole alkaloid composed of
| features catharanthine and vindoline units with

\
1
. multiple chiral centers, ester and
| Leaves Flower carbamate groups.
| (Source of Vincristine) |

L. . S

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Industrial Production of Vincristine

( (@ Select healthy Catharanthus roseus plants.

® Harvest leaves at proper maturity (hiigher alkaloid content).
® Remove foreign matter (stems, soil, dust).
® Wash and shade dry (avoid direct sunlight). )

o )

Raw Material
(Catharanthus roseus leaves)

(Madagascar periwinkle)
Cleaning, Drying and
Size Reduction

p——
® (Clean the leaves and cut into small pieces.

® Dry to reduce moisture (= 10%).

@ Grind to coarse powder (increase surface area for extraction).

Solvent extraction (e Extract powdered leaves with ethanol, methanol or

(Ethanol / Methanol / hydroalcoholic solvent (60-80%) at 60—70°C for 2—4 hours.
Hydroalcoholic solvent 60-80%) @ Filter and collect the extract.

60-70°C, 24 hours _ \_® Vincristine is soluble in polar organic solvents. )

Y4

Extraction

-

1o Separate plant residue by filtration.
e Filtrate contains vincristine along with other alkaloids
(vinblastine, ajmalicine, serpentine, etc.).

Filtration

J

Y

(@ Concentrate the filtrate under reduced pressure (vacuum evaporal.ion)w
at 40-50°C to remove excess solvent.
@ Obtain a concentrated crude extract. J

\

Concentration

Column chromatography (o Purify concentrated extract by column chromatography
(Silica gel / Alumina) (silica gel / alumina / Sephadex).

using suitable solvent system @ Use suitable solvent system (e.g., chloroform : methanol,
(e.g., chloroform : methanol) ethyl acetate : hexane). S
L\ Separate vincristine from other alkaloids (vinblastine, ajmalicine, etc.),
e Purified fraction is concentrated and crystallized.

@ Crystallization can be induced by slow evaporation or addition of a

non-solvent (e.g., hexane, water).

[ Vincristine crystals are separated by filtration.
® Washed with cold solvent (e.g., methanol/hexane) to remove impurities

Purification
(Chromatography)

Crystallization

J

g\ J
\( @ Washed crystals are dried in a tray dryer or vacuum oven

at 40-60°C to obtain pure vincristine (moisture < 0.5%).
s\
(e White, crystalline powder of vincristine.

® Purity: >98% (by HPLC).

® Packed in airtight, light-resistant containers.
@ Quality control: HPLC, UV, IR, melting point, etc.

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Introduction 2. Chemical structure of Vincristine | 3. Plant source 4. Methods of Estimation ‘

e Vincristine is a vinca alkaloid
isolated from the leaves of
Catharanthus roseus
(Madagascar periwinkle).

e It is used as an anticancer agent

in leukerma lymphoma
anci solid tumors).

e Vincristine content in crude drug

and formulations is estimated
mainly by HPLC, HPTLC or

1 HPLC (most accurate and widely used)

HPTLC (simple and cost-effective)

(for high sensitivity and confirmation) |

‘ 2
3 LC-MS/LC-MS/MS |
4

UV-Visible Spectrophotometry

tharanthus roseus

UV spectrophotometry after [ (less common, due to low content and |
extraction and purification. Vincxistine (Family: Apocynaceae) interference from other alkaloids)
e Due to low natural abundance, Cristin Leaves contain 0.0003-0.001% " —
highly sensitive and selective (C46Hs6N4010) Vihertihe (depands oo Vrieds, S IO Doy (T B
analytical methods are required. Molecular weight: 824.98 g/mol ) geograp mn?ﬁ?fé%gfn growing and semi-quantitative analysis)
[ A. HPLC Method (Standard Method) e HPLC conditions (Typical) = |
o Preparation of standard solution e Preparation of sample solution | Column gla (;250 mm x 4.6 mm, e chromatogram
Hm, Vmcnstme
Accurately weigh Y ¢ Extract with | ilephase | /Acetonitrile : 0.1% Formic | =~ 20 1 min l
1 mg of vincristine 11 methanol (or e acid in water (40:60, v/v) 250 )
and dissolve in methanol:water . | (or Gradient elution) | 200
m methanol. Make up X 8?120) using y Flow rate 1.0 mL/min 5 150
to 10 mL, |, ultrasonication | Detection | UV at 254 nm :
- (100 pg/mL). \ regll;c ﬁlters;ld (Amax of vincristine) g 100
| (standard) Further dilute to get Dried leaves of f,]] u;(; Ex moﬁ) Injection volume | 20 pL , 50
1 working standard Catharanthus roseus QIS 1B | Columntemp. | 30°C |
mg — j solutions (1g) - j‘ f“ﬂhffbclm‘-‘te | Runtime | 20-30min ] b -
(0.1-10 pg/mL). c%ligéfaltrgtion | Retention time | Vincristine; ~18-22 min 5
l\ i | (typical) | (depending on system) Retentlon tlme (rmn) .I
5. Calibration curve 6. Calculat:on ‘ 7. Advantages | 8. Limitations
Amount of vincristine in sample is calculated using Hi t ifi itive. . R uires HPLC instrument
250000 y = 24530x + 1250 the regression equation from calibration curve. : Cgﬂi;&ﬁ&iﬁn: ?r%?nsi?gg;ve pure standard vincristine.
2
g 200000 s | Vineristin _ CxVxD vinca alkaloids (e.g, vinblastine). || ° t“’{}%,“’“f;fggng compared
8 e content (ug/g) = ——__— — Suitable f . ali 1 0 UV me
o S | o pteoipasons || . Spmsies
o Where (injections). e Sensitive to extraction method
S 100000 | C = Concentration obtained from calibration curve (ug/mL) || Goi)d reproducibility and precision. and sample preparation,
50000 V = Final volume of sample extract (mL) = ful f bili di e Co-elution with other vinca
L5 : Useful for stability studies.
0 D = Dilution factor (if any) ; kaloags (e) g., vinblastine,
; ! / : i ) = : vinorelbine) may occur
@ % 4 6 8 10 .4 Weightof ssmple (R) (method optimization
Concentration (pg/mL) required)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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g

Vincristine

Vincristine

(C46H56N4O10)

Catharanthus roseus
(Madagascar periwinkle)
(Family: Apocynaceae)

Leaves contain vincristine
(indole alkaloid)

Utilization of Vincristine

" Anticancer use (Main util

e Potent anticancer drug used in treatment of hematologzcal malignancies
and solid tumors.

e Commonly used in combination chemotherapy regimens
(e.g., for leukemia, lymphoma, Wilms tumor, neurcblastoma).

e Effective against rapidly dividing cancer cells.

Cancer cells (subunit tubulin)
. . e 0
| Mechanism of action | Viarisine 040
1N 0 -

e Binds to -tubulin subunit of microtubules. 7 A A ®, d :
e Inhibits microtubule assembly and prevents polymerization. m e _l" .9 I

e [eads to mitotic arrest at metaphase and inhibits cell division e bt NIk accibly
= A 3! i X ul m er |
L (mitotic spindle formation is blocked). (aand B subunit) inhibited J

Clinical formulations and use

7/

e Available as injection (vincristine sulfate). Vincristine r—
e Used in combination chemotherapy regimens such as :-Q:S ﬁ”g&'.in USP ILI . )
VCR (vincristine), VCR + prednisone, VCR + doxorubicin, etc. S : ! ';f,";al‘"“e
e Mainly used for acute lymphoblastic leukemia (ALL), % o | Inection USP
Hodgkin's and non-Hodgkin’s lymphoma, Wilms tumor, = EcrUE | |
neuroblastoma and other solid tumors. w : iﬁim’ )
—— H- —
Adverse effects (Side eﬂ"ects) __ : Pednen]
Neurotoxicity (dose-limiting): peripheral neuropathy, sensory and motor A\ D’ (nmgtgﬁyea)
neuropathy paresthesia, loss of reflexes. < @A
* Autonomic neuropathy: constipation, paralytic ileus, urinary retention. . - 7 3
e Mild myelosuppression (less compared to other vinca alkaloids). 14 N " <l

e SIADH (syndrome of inappropriate antldmretlc horrnone secretion).

Other potential uses (Under study)

e [Investigated in other solid tumors (e.g., sarcomas, brain tumors).
e Studied for potential role in combination with targeted therapies.
L ]
L]

Research in nanoparticle delivery systems to reduce neurotoxicity. ~ Brain tumors Nanopamc]e Other solid tumors

deli it
Explored for synergistic effects with other anticancer agents. {uslaiietang (u;'edg SS{E;;,T)E (under study)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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11. Vinblastine

1. Source and Plant Profile
of nblastine

Biological source: Dried leaves
of Catharanthus roseus

(syn. Vinca rosea).

Family: Apocynaceae.

Common name: Madagascar
periwinkle, Vinka, Sadabahar.
Part used: Dried leaves
(main source).

Active constituent: Vinblastine
(a dimeric indole alkaloid).
Geographical distribution:
Native to Madagascar; widely
cultivated in tropical and
subtropical regions including
India, Sri Lanka, Southeast Asia,
Africa and other parts of the world
for commercial production.

Catharanthus roseus
(Whole plant)

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry

2. Chemical Structure

o CHs

Vinblastine
(C46Hs3N,Oy)

Molecular formula
Molecular weight
Chemical class

IUPAC name

Key structural
features

C46H58N409
810.98 g/mol

Indole alkaloid

(Vineca alkaloid, dimeric alkaloid)

Methyl (33,16B3)-16-[(2R,3S)-3-
(acetoxy)-2-hydroxypropyl]-19,20-
didehydro-3.4-dideoxy-vinblastine-3-carboxylate

Dimeric indole alkaloid composed of
catharanthine and vindoline units containing
multiple chiral centers, ester and acetate groups.

J
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Industrial Production of VinHastine

7

Raw Material ® Select h?althy Catharanthus roseus plantsa]ka] 4
® Harvest leaves at proper maturity (bigher 0id content).
(C(ab?‘ﬁ;anthus roseus 1?3\’)05) e Remove fom matter (stems, Soil, dust).
gascar periwinkle ® Wash and dry (avoid direct sunhght)

Cleamng,' Drymg' and ® Clean the leaves and cut into small pi
Size Reductio @ Dry to reduce moisture (< 10%).
ize n _ e Grind to coarse powder (increase surface area for extraction).
= Solvent extraction :
Extraction Gy | ¢ Bl de netelr
Ydmg(l)_c"moé solvent ) e Filter and collect the extract.
» 2~4 hours e Vinblastine is soluble in polar organic solvents.
= : @ Separate plant residue by filtration.
Filtration e Filtrate contains vinblastine along with other alkaloids
(vincristine, ajmalicine, serpentine, etc.).
. *§ o Concentrate the filtrate under reduced pressure (vacuum evaporation)
Concentration at 40-50°C to remove excess solvent.
\ @ Obtain a concentrated crude extract.
1 i Column chromatograph o Purify concentrated extract by column chromatography
Purification (Silica gel / Aluming) £ (silica gel / alumina / Sephadex).
(Chromatography) using suitable solvent system ® Use suitable solvent system (e.g., chloroform : methanol,
(e.g., chloroform : methanol) ethyl acetate : hexane).
> ‘ ik @ Separate vinbiastine from other alkaloids (vinblastine, ajmalicine, etc.)
Crystallization ® Purified fraction is concentrated and crystallized.
@ Crystallization can be induced by slow evaporation or addition of a
. non-solvent (e.g., hexane, water).
Filtration and Washing e Vinblastine crystals are separated by filtration.
e Washed mmcoldsolvml(e.g,,nxﬂmnhm)wmmvem
Drying ® Washed crystals are dried in a tray dryer or vacuum oven
at 40-60°C to obtain pure vinblastine (moisture < 0.5%).
. . o White, crystalline powder of vinblastine.
PuFeVmblasmle ® Purity: > 98% (by HPLC).
(Final Product) ® Packed in aitright, light-resistant containers.

@ Quality control: HPLC, UV, IR, melting point, etc. )

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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1. Introduction

e Vinblastine is a vinca alkaloid
isolated from the leaves of
Catharanthus roseus
(Madagascar periwinkle).

s Itis used as an anticancer agent

(mainly in Hod 's lymphoma,

non-| Hoclgkm s lymphoma,

testicular cancer, breast cancer
and other solid tumors)

e Vinblastine content in crude drug

and formulations is estimated

mainly by HPLC, HPTLC or
uv spectrophotometry after
extraction and purification.

Due to low natural abundance

and presence of other vinca alkaloids,

selective and sensitive analytical
methods are required.

o Prepa.tatlon of standard solution

! Accurately weigh

1 mg of vinblastine
and dissolve in
methanol. Make up

to 10 mL
Vinblastine (100 pg/mL).
(standard) Further dilute to get
| workin, standard
g solunor%s
(0.1-10 pg/mL).
5. Calibration curve

250000
200000
150000
100000

50000

y = 24560x + 1020

0 2 4 6 8
Concentration (pg/mL)

timation of Vinblastine

ﬁmemical structure of Vinblastine
CHa

A. HPLC Method (Standard Method) |}

3. Plant source (71 Methods of Estimation |

HPLC (most accurate and widely used)

HPTLC (simple and cost-effective)

| 3 LC-MS/LC-MS/MS |
(for high sensitivity and confirmation) |

UV-Visible Spectrophotometry

(less common, due to low content ‘

and interference from other alkaloids)

Catharanthus
(Family: Apocynaceae)

Vinblastine Leaves contain 0.0003-0.001% i
5  TLC-Densitometry
(C46H58N400) V‘“blagtegl;rg;ﬁlngl g‘cgjnglrlmatn‘émew (for qualitative and semi-quantitative analysis)
Molecular weight: 810.98 g/mol erowing conditions). )
e 'HPLC conditions (Typical) ‘
Preparation of sa.mple solution Column gwwn()zso s 4G iy e HPLC chromatogram
T e — Vinblastine
\ Extract with . Acetonitrile : 0.1% Formic
methanol (or Mobile phase acid in water (40:60, v/v) 200 (tx ~ 18.5 min)
methanol:water [ (or Gradient elution) 200 '
80:20) using Flow rate ' 1.0 mL/min
ultrasonication/ Detection UV at 254 nm =2 150
\ reglkux, fi ltter l?ll'fd _ (Amax of vinblastine) ‘é 100
Drited leaves of make up to known | njection volume | 20 pl.
Catharanthus roseus volume (e.g, 10mL). ™ Column temp. | 30 °C | 50 |
(1 g powdered drug) j Further dilute to | Run time 20-30 min : pa e
uitable Retention time | Vinblastine: ~16-20 min | 0 5 10 15 20 25 30
. B - COIl(_?E.'ntI‘aUCE | (typical) (depending on system) - _Retention time (min) w
o P T T F e N R = ) = a =
6. Calculation 7. Advantages 8 Limitations
Amount of vinblastine in sample is calculated using | s Highly accurate, specific and sensitive. . R uires HPLC instrument
the regression equation from calibration curve. e Can separate vinblastine from other pure standard vinblastine.
| CxVxD ‘Sdncab? i)glcaicls. (e.g., viir;.lcristine). ; . Eﬁ%ﬁgiﬁggﬂg compared
Vinblastine content = e || e Suitable for routine quality contro
e/e) w ?'f crude drug t?ind )formulations | * Erpei= sobiats and
Where, | Injectons, tablets). - | e Sensitive to extraction method
C = Concentration obtained from calibration curve (ug/mL) || 3 $0od reproducibility and precision. and sample preparation.
V = Final volume of sample extract (mL) serulior stalility/studies: e Co-elution with other vinca
D = Dilution factor (if any) > alkaloids (e.g., vincristine,
= Weisht of le () ‘ vinorelbine) may occur
W = Weight of sample (g (method optimization
\ required). 1

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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Vinblastine

Vinblastine
(C46Hs8N40y)

Catharanth roseus
(Madagascar periwinkle)
(Family: Apocynaceae)

Leaves contain vinblastine
(vinca alkaloid)

Utilization of Vinblastine

" Anticancer use (Main utilization)

e Potent anticancer drug used in treatment of Hodgkin’s lymphoma, <&

non-Hodgkin’s lymphoma, testicular cancer, breast cancer
and other solid tumors.

e Used in combination chemotherapy regimens
(e.g., MOPP, ABVD, CAP).

=t Effective against rapidly dividing cancer cells. Can cells (Subunit tubulin)
! hanis i o Vibbstine
Mechanism of action ke i
e Binds to B-tubulin subunit of microtubules.
e [nhibits microtubule assembly and prevents polymerization. _l - :
e (Causes mitotic arrest at metaphase and inhibits cell division. o e i
3 H L ICrotunile assem:
° Le_ads to apoptosis of rapidly dividing cancer cells. (@andp subunit) inhibited ¥
Clinical formulations and use S bctive a
R asti
e Available as injection (vinblastine sulfate). :."‘%-\; sll,rilfate —
e Used in combination chemotherapy regimens such as & Injection USP i 'J"nhlasﬂne
MOPP (for Hodgkin’s lymphoma) and other multi-drug regimens. &\. m & julfate
e Used for Hodgkin’s and non-Hodgkin’s lymphoma, testicular cancer, Q‘“ For IV Use Only
breast cancer, Kaposi’s sarcoma and other solid tumors. \%\w ngle Dose Vial |
Single Dosn
Adverse effects (Side effects)

e Myelosuppression (leukopenia, anemia, thrombocytopenia).

e Neurotoxicity: peripheral neuropathy (less than vincristine).

e Gastrointestinal effects: nausea, vomiting, constipation.

e Alopecia (hair loss).

s SIADH (syndrome of mappropnate antldluretzc hormone secretion).

Peripheral
(low blood cell count)

Alopecia
neuropathy (hair loss)

Other potential uses (Under study)

e [nvestigated for use in other solid tumors (e.g., lung cancer, prostate cancer).
e Studied in combination with targeted therapies and immunotherapy.

e Explored for nanoparticle and liposomal delivery systems to reduce toxicity.
e Potential role in anti-angiogenic therapy (under study). (under study) (u;g:;e;gfdy)

Nanoarticle delivery

Mr. Samarpan Mishra (Assistant Professor) Specialization-Pharmaceutical Chemistry
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