Tannins-Tests for identification

asddal clialal) ol jluadl

1.Goldbeater's skin test (Skin tanning test): s sl
(A asln JGdl)  aw Goldbeater's skin =
membrane prepared from ox intestine & similar to
untanned hide.

— Soak a small piece of goldbeater's skin in 25 %
HCI; rinse with distilled water & place in the
solution to be tested for 5 min. Wash with
distilled water & transfer to a 15 % solution of
ferrous sulphate. (o (2 il 5 plaal Ma jdas
waadll Jslas (B pudagag shiall plally Judy af Cpag ey ) olS g jasgd)
Ll clilu %15 Jslaay shiall plaly Judy | 4828215

— A brown or black color on the skin indicates the
presence of true tannins. .o 2gul o) & o) 5B L
Adila lidli 3 sa g Jula aladl
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Tannins-Tests for identification
il @iyl @l Lasl)

2.Gelatin test:

—True tannins (about 0.5-1%) + 1% solution
of gelatin = precipitate

—QGallic acid & other pseudotannins may
react in concentrated solutions: ol il
Al e %1 CDoadl Jslaa ae Adidall cliull) e
O O Al Uil G W pl g A (aaa o g LS
e G Jslae pa Jolim
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Tannins-Tests for identification
gandidal clislal) o Lad|

3. Ferric chloride test: vaali & 418 il

— 2-3 ml of the extract + 5§ % ferric chloride solution drop bz
drop = bluish-black (Hydrolzsable tannins: gallitannins
fallagjtar;nins) or brownish-green color (Condensed

nnins

— If the extract contains both types of tannins= blue color +
more ferric chloride=> olive-green

4, Test with bromine water: Aqueous tannin extract + bromine

water (gl sl L5A)
— Condensed tannins = buff-colored precipitate
— Hydrolysable tannins = no precipitate.

5. Test for catechin: (=<s<l sl Dip a matchstick in the plant

extract containing catechin, dry, then dip in conc. HCI & warm
near a flame <> pink or red color.

Prof. Dr. Isam Agha 1

Tannins -Quantitative determination
LeaS il ajaas

1. Hide powder method: alall 3 saws 43, 5k
» Most widely used on commercial scale.

» A known amount of a reference sample of hide
powder is added to the drug extract.

» The difference in the dry weight of the extract
before & after treatment with hide powder is a
measure for the tannin content.

2. Copper acetate method (+aill i 44, 4k
3. Agglutination method <l 44, 4k
4. lodometric determination 2 sl (sl 43, 3k

Prof. Dr. lsam Agha 12
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COOH COOGiucose
Pyrogallo/ X 3 .
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Hexahydrodiphenic acid  Effagic acid Ellagitannin

Hydrolysable tannins & component polyphenolic acids

HO HO HOQ
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HO COOH (') :IZ’ HO E,O-CHQ o
HOOC. A OH € o] Ho - (E-oo’Sj; \
9 ’ o¢ °-e
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Frof-Pr-isam gt

Hydrolysable Tannins- Example
feadall AL il | e Akl

Tannic acid (Gallotannic acid or Tannin, E.P.)

1.

Source: obtained from galis arising on various
species of Quercus. These contain 50-70 % of
tannin (gallotannic acid + gallic acid 2-4 % + ellagic

acid).

Hydrolysis: = gallic acid + glucose (pentadigalloyi

glucose).

Uses: Major source of pharmaceutical tannin. It is

used as astringent & styptic.

Prof. Dr. Isam Agha




Condensed Tannins - Building Units
i) el el Sa

OH

; OH @C’H OH
| @/c’“ HO O - O~ O -

: P Related to flavonoids Q/\/\L \@}

‘7 3TOH 3 OH

| OH OH

M Polymeric flavan-3-ols | catwcho (+)-Catechin ()-Epicatechin
e.g. dimeric

procyanidin

OH HO

f P Polyphenolic units '

presentin condensed [© Ov s

| tannins: catechin, N OH

;; epicatechin & flavan- OH OH

;; 3, 4-diol

(Ieucocyanidin). Fiavan 3,4 -diol structure A dimeric procyanidin
Polyphenolics in condensed tannins

Prof. Dr. Isam Agha 15

Saponin glycosides
i g Ll Clayj9sulal]
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General characters
w2l yolo=ll

1. Widely distributed in higher plants. Uil G L) dauls
Lalaty

2. Bitter, acrid taste & sternutatory (irritant to mucous
membranes). clbliall 45 3. aakll 5 e

3. Form colloidal solutions in H,0 = foam on shaking
due to: hydrophobic / hydrophilic asymmetry of the
molecule (large aglycone & small sugar moiety) =
lowering of surface tension in aqueous solution. Js&
bsb ) JUAT slaly gy g8 Jullaa

Prof. Dr. isam Agha 17

General characters
Wl yolo=ll

1. Form insoluble complex with sterols. £ <ldba. Ji
Y gl pa A 53
& Destroy RBCs >haemolysis. s! <l aall &l S ahaad

& Toxic to cold- blood animals (fishes & frogs). 4\«
3l aall il gd it guadl g g il

% Toxic by i.v. injection & harmless by oral
route. Lsed dalu il 5 guosl Al Hdall Al \

Prof. Dr. Isam Agha 18
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Property of Saponins

* They have a high molecular weight )3 4
Lt (e s

* They have a high polarity 4lle 4uki Ll

* They are hydrolyzed by acids to give
aglycone (sapogenin), sugars and related

uronic acids. pua et aealls Liedds o5

Ay ys) pasan s Sy oSl

Prof. Dr. Isam Agha 19

Property of Saponins

. C dot concentration .
positive negative
control .y control

pegim
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Property of Saponins

Ql.i._,_\Jg.gLaJl Uolg.'>
Not soluble in diethyl ether LY VL4l e
Soluble in water, ethanol, methanol, alcohol
water mixture <Y 2S5 clally 400 53
Specific solution is n-Butanol or Is-
oprobanol («Uaill J 56 sall & ald 8 A g3
Jsbisns s

Absorption max. 210-220 nm (glycyrrhizin 254
nm) gA.L:cY\ Uabaiay!

Prof. Dr. Isam Agha 21

Chemical characters

A bousl| Lole=dl

1. O-glycosides -» hydrolysis -» aglycone (sapogenin) +
sugar moiety. GuSle | Agatatly Ataash Ciu ) sSdal RS
$ S £ 329 O sl

2. Aglycone: ¢Sy
- triterpenoidal (C-30) [mainly in Dicotyledons] .~>¢
(C920S 83 30) isiw s
- steroidal (C-27) [mainly in
Monocotyledons] ( c.s:S 52 27) giigsin

Prof. Dr. tsam Agha 22
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Chemical characters
Ailall yal A1)

Sugar moiety: Sl ¢ jall

Often contain uronic acids or acyl

residues. Sl W 5l 43ig 5 ases o Wlle (5 5iny
Usually glycosylation is at C-3. Sl Las 5
O5Se V) anan 00 B i sally

Sometimes -CH3 (side chain) @ -COOH, which
may be esterified by a sugar. 3_su Ul (S
S8 JnS g0 S ) il Gl game 2] 58 auial 50

Prof. Dr. isam Agha 23

Tests for identification
pouswinid | i)l

1. Frothtest: s5 3 Jal
1 ml of aqueous solution of saponin or plant
extract + shake = persistent & voluminous
froth.

2. Haemolysis test: a1l St sal
Suspension of RBCs in hormal saline + equal
volume of plant extract in normal saline +
shake gently = clear red solution indicating
heamolysis of RBCs (compared with blank).

Prof. Dr. Isam Agha 24
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Quantitative Determination
SoSJ | ol

1.Gravimetric method )5 Gk
~ Saponin glycosides + Ba(OH), = precipitate
[Saponin-Ba(OH), complex]
- f\":ﬁ? dry & weigh the precipitate = original weight
—IBgn(i)t)e & weigh the residue» {W2} (calculated as
a

— W1 - W2 = Saponin content
2.Determination of Foam Index 5 s& a5 cauie 3285
— The foam index is defined as:

“ The dilution of the drug, that gives a layer of foam
of 1 cm height, when an aqueous solution is shaken
ifn a‘1 raduated cylinder for 15 seconds after standing
or 15 min.”

Prof. Dr. isam Agha 25

Quantitative Determination
SoSJ| A=l

3.Determination of Fish Index dlaudl 4aud) dad yaas
— Saponins are toxic to cold blooded animals.
—~Thefish index is defined as:

“The reciprocal of the saponin dilution that kills
60 % of the experimental animals within 1 hour.”

4.Determination of Haemolytic Index s (Sl Aad saas
— The heamolytic index is defined as:

“The greatest dilution of saponin that produces
complete haemolysis.”

Prof. Dr. isam Agha 26




Isolation
ldscs wliwgilall Jas
; 1. Plant material + water, alcohol or aqueous alcohol +
reflux. scla 2w il slay Joas g e e GLlL Galdius

2. Concentrate & precipitate crude saponin mixture
with: 35 Gkl gaal AA G silaall g de uw g s AT S
— Ether or acetone. ¢ sl st i) ddlial
— Lead acetate (acidic saponins), or basic lead

acetate (neutral saponins) followed by
decomposition with acid. ualall  cliud  AdLl

lipia) daulal) gaba)ll cliwd o (Aadaaadl Gl glall)
e ABlLaly 4e gl (Addina

3. Individual glycosides are separated by
chromatography. slaaicl  Lajdl iyl el
Ldi & sola g Sl Prof. Dr. Isam Agha 27
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Extraction of saponins

QLL,._JQJ_L.QJI Uo&l.z;.w' ol
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Extraction of saponins

Ql.:;_;_.)g._:LaJl UDUM owl

Prof. Dr. isam Agha
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Triterpen Saponins and steroidal

saponins 4 s yitud) 5 G Al A5 Gl glall

Prof. Dr. Isam Agha
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Chemical structure of Diosgenin and Hecogenins
Ot sSaell 5 s gpall Aibue K1Y 4l

- o) -
O
HO [) HO
Diosganin ( AB 254 ~spirosten -~ 38-ol) rHecogenin (Sisa/ spp. )
{vorious spp. of Dioscorea,
Fernugresk)
Prof. Dr. isam Agha 31

Separation of steroidal Sapogenins

ay1.59 ] Sligilall GlgSdel Jad

Prof. Dr. Isam Agha 32
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Detection of saponins using TLC

aa,d Jl asudall Lol egilog,S plaziwl wloglall s

* Mobile phase: chloroform +Methanol + water
(40+60+5)

 Stabile phase: silica gel or RP8, RP18

Prof. Dr. Isam Agha 33

Detection of saponins using TLC

Prof. Dr. Isam Agha 34
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Spraying reagent of saponins on TLC

aid )l asbll sde oliglall 5,1 sl

-Anise aldehyde / Sulfuric acid reagent:

(80%Methanol+15%Acetic acid + 5%sulfuric acid
+ 15 drops of anise aldehyde) after spraying
heating about 10 Min. in temp. 110 (coloring
reagent)

Prof. Dr. Isam Agha 35

Detection of saponins

Olwglall wilgS

1. Color reaction with aromatic aldehyde (hydroxyl
triterpen with anis aldehyde, vanillin .. In strong mineral
acids (sulfuric acid, phosphoric acid, perchloric acid) gives
colored mixture (dehydration reaction) a« S5 Jel&

(S aen 3 g g Ao sl Slasaly)

2. Reaction with sulfuric acid and anhydrous acetic acid
(unsaturated and hydroxyl triterpenoids and steroids
Y paes ele Sae g ikl aea ae Je il

3. Reaction with mineral acids and oxidant (Zlatkis-Zak
reaction) S gall 3 ga g1 Atanall aeall e Jelaih

4. Reaction with Antimony (Il1)-chloride 251 &G ae Je il
O a3y

Prof. Dr. Isam Agha 36
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TLC of Saponins

Prof. Dr. Isam Agha 37

Hl determination
Ml M=l oo A=

* Hlis the haemolyse index which indicate the milliliter

number of blood which haemolysed by only one g of
the drug (= & 1 Dbt daiell aalt Jle 22e e il Ja
Gl

* Hi.=Hl«X Csa/c st

* Csis the concentration of the sample solution in the
last reagent glass in which the blood haemolysed

. Cc«is the concentration of the standard solution in the
last reagent glass in which the blood haemolysed

Prof. Dr. isam Agha 38
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Hl determination
ol Nl oo o=

* To determine the Hl we need the followings:

1. Phosphate puffer (PH=7.4)

2. Blood suspension 4% in the Phosphate puffer
(PH=7.4)

3. Standard saponin dissolved in Phosphate
puffer (PH=7.4)

4. Sample of saponin dissolved in Phosphate
puffer (PH=7.4)

Prof. Dr. isam Agha 39

Hl determination
oM NM=il oo o=
* We need two series of reagent glasses
(sample , standard)
* Add one ml. of Phosphate puffer (PH=7.4) to
all glasses

2. Add One ml. of the standard solution in the
second glass of the standard series, mix and
take this one ml again to the third glass, mix
and take one ml ... (still one ml in every glass)

Prof. Dr. Isam Agha 40
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Hl determination
ol Nl oo 3o

* Add One ml. of the sample solution in the

second glass of the sample series, mix and take
this one ml again to the third glass, mix and take
one ml ... (still one mlin every glass)

* Add one ml of the blood suspension in every

glass of two series.

e After more the 4 hour you must determine the

last glass of two series in which the blood still
totally haemolysed. And determine the
concentration of this glass.

Prof. Dr. Isam Agha 41

HI determination
pall Olad) e paad

HI 100 200 400 800 1600 3200

Visual Mild Mod Severe »
Prof. Dr. isam Agha 42
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Synthesis of saponins
il sl ¢ Lilanal

p 53 , )
o 1 R 1 RSNy ¢ :
g E M. HO™ 3>}
N ‘
Squoleng Squalene~ 2,3 -oxids Trijarpencid cotion
¥ ﬂ v
~ s
1/\”/?\;(;
o ; Y
: ?
B~ smyrin Oleany! cotion Lupsny! cotion
Prof. Dr. Isam Agha 43

Steroidal saponins
Ay Auig il | wlinigsLall

Distribution:

& Mainly in Monocotyledons [Dioscoriaceae (Dioscorea
sp), Amaryllidaceae (Agave sp) & Liliaceae (Trillium)]

» Few in Dicotyledons [Scrophulariaceae (Digitalis
purpurea)}

Important aglycones:

& Diosgenin & botogenin (Dioscorea).

& Hecogenin, manogenin & gitogenin (Agave).

& Sarsasapogenin & smilagenin (Smilax).

Glycosides:

% Sarsaponin

+ Digitonin & gitonin

4 Balanitins 1-4

% Dioscin

Prof. Dr. Isam Agha 44
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Natural steroids
Amgaball g5 il

HoO
Driosgunin {5 25 a -spirostan ~ 380t} Hecogonin { Sise/ Gpp. Y
{vorious spp. of iascoreo,
Canugrock)
- COON
—— H?
[ Y.
© H
HQ MO
Solasoding L SoARFurTs BOD. Y Deoxycholic acid {ox-bils)
ha

HO O
Stigmosteral { soayo} Soroemsrot { soya )
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Synthesized active steroid
42 | adladll & ; X
4xtaal Calalid }
Lad j -~
e
o
e e
Toalraiorons Crasyvintiod Eragastercns
BEX HORMINES
mg (SR o S 2P N P PP
2
cxo
_,X)H . =~
’\j;w:f AN
,«-«4.. o
o oA :LJ
ALFIRBOTIS LTI Beramedthonones
CORT ICOLOS
©
C Kot foRZ w21 5 (
J:'“QH i oS
'j ﬂ«i Nﬂ,«ﬂ\
P /‘[ e A ‘“ ’\j, ~\ .w'"j"””—“‘ 3
u*"""“%*"‘l"“ Crag@ < L ol J/\a““" T GGty
PO inig e Tone Fhaniranol Lpirpamiastone
QFAL, CONTRACERTIVES DILRETIC STERDID
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Triterpenoidal Saponins -
Licorice saponins

Source
Rhizomes & roots of licorice: 2-6 % of Glycyrrhizin

Glycyrrhizin = mixture of K+ & Ca++ salts of Glycyrrhizic acid

—__COOH
Glycyrrhizic acid = Glycyrrhizinic acid

Structure T J J\
Glycyrrhizic acid = Glycyrrhetic Q\i! - ‘;\
acid -3 O- diglucuronide (2 molecules no ;7“

of glucuronic acid) Giyeyrrhetic acid

{agiycone)

Glycyrrhetic acid = Glycyrrhetinic acid

Pref. Dr. isam Agha 47

Ginsenosides

RO

-,
“,
ey

20(8-Protopanaxadiols 2 S -Profopananairiols

Ginsenoside Ry Ry Ginsenoside R, R,
Rb, gk {2-Ngic  -gle (6-1)glc Re gic (2-1)yha  -gic
Rb, -gic (2-Nyglc gl (6-1)arab Rf -glc (2-1)gic -
Re¢ -gk {2-1)gk  -gic (2-1)arab Rg. -gic -glc
Rd -gic 2-1)gic  -gic Rg, -gic (2-1)yrha -H

Rasval
AMENR
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Cardio active glycosides
LAl 8 Adadl) iy 5 g<alal)

Prof. Dr. isam Agha 49

Introduction
YRYI

% Also called cardiac glycosides. <y )sule
PR

r

% Have specific & potent activity on cardiac
muscles. lill dac o de o cildlady (al s ¢l

+ Small doses = therapeutic action. i _.s«a <o
iade

+ High doses = toxic & sometimes lethal. <\
daalu B8

Prof. Dr. isam Agha 50
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Distribution

& Mainly present in : Scrophulariaceae (Digitalis),
Apocynaceae (Strophanthus) Liliaceae (Urginea), &
Ranunculaceae (Adonis).

& Localized in different plant organs.:
- seeds (Strophanthus)
- leaves (Digitalis)
— fruits (Acokanthera)
— bulbs (Urginea= Squill)
- roots (Apocynum)
~ herbs (Adonis)

& Best source is Digitalis purpurea (purple foxglove).

Prof. Dr. Isam Agha 51

Chemical Structure
]

Steroidal nucleus with: g 4 s w31 5

+ An unsaturated lactone ring attached to C-17 with
B-configuration 17 g sl 4 sy 4dla

& A tertiary p-hydroxyl group at C-14. J:-Ss i 4c saa
14 g2l

Sugar moiety

Basic structure of cardinactive aglvcosides -
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Chemical Structure

In addition to:

1.

® N

An axially oriented -OH at C-3 to which is
attached the sugar moiety.

Methyl groups at C-10 & C-13.

. Cis-fusion of rings C / D & in most cases

that of rings A/ B.

Other substituents on steroidal nucleus
e.g.:

Replacement of -CH; at C-10 by -CHO or
-CH,OH (e.g. Strophanthus glycosides).
Additional-OHs present at C-1, C-2, C-5,
C-11, C-12& C-16.

Prof. Dr. Isam Agha 53

Chemical Structure-Sugar moiety

ddasiyall SIS

% Characterized by being:

- Attached to C-3 of the steroidal nucleus.
- Variable number of sugar units (1 -4).

% Sugars are of different types: hexoses, methyl
pentoses & 2-6 deoxy hexoses etc......

Type of sugar Examples

1.Hexose Glucose
2.Methyl pentose (6-deoxy hexose) | Rhamnose, Fucose & Aliomethylose

3.2-6 deoxy hexose Digitoxose & Boivinose
4.Methyl pentose-3-methyl ether Digitalose
5.2-6 deoxy hexose-3-methyl ether | Cymarose, Sarmentose & Oleandrose

Prof. Dr. Isam Agha 54
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Specific Sugars in Cardiac Glycosides

acgill SISl

HO oy,

\ -0
R\ gy N
CH 30\/N"“ o

B-D-Diginose

ch\ o

S \

HO 1]

Y
HO

§-D-Digitoxose

HO gy, .

%woa

oCH;

f-D-Barmentose

HO

HO CHy o [ CH: o
N TN,
N, s,
HOX/\/”OH CH@O&./‘T\"’”OH
OR OH
B-D-Fucose B-D-Digitalose (3-O-methyifcose;
OH OH
L Ho e
HO Lot HO Lt
H,C0 HO

a-L-{ieandrose

Ho oH
P e HaC
HO-:
foie] :
Ha GH

p-D-Boivinose
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Classification

AadBl) Caly ) gSatad) Caniial

According to the type of lactone ring presentin the
aglycones as: i shti s g 4 gha S ) 43 583U Adlal) (35 cdinal

Points of differentiation

CAANIAYY

Cardenolides
{Butenolides)

Sl g sl

Bufadienolides
(Pentadienolide or
Scilladienolides

Sifd giald gl

. Structure of lactone ring
. UV absorbance

. Tests for identification

. Examples : Glycosides of

5-membered (4 C + 1 0O)
220 nm

+ve (Kedde's, Legal's &
Raymond's tests)

Digitalis & Strophanthus

6-membered(5 C+10)
300 nm

- ve (Kedde's, Legal's &
Raymond's tests)

Squill (Urginea)

Prof. Dr. Isam Agha
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Classification

LBl cufay oSt it

Bufadienolide

Prof. Dr. isam Agha 57

Properties, Stability & Hydrolysis
dgalal g AMNaN (al 3l

+ Condition: crystalline, odoriess & bitter
taste. o (3ldeny Al M <l sl 1Al
+ Solubility: most are hydrophobic, soluble
in organic solvent, slightly soluble in water &
freely soluble in alcohol. 4aiS lgabiaa ;4iaiy)
Llgdy plall B Clusdll AL ( 4 gaad) c¥laall B 4l 5d cplall
rdsiat 2
Except: ouabain highly hydroxylated,
hydrophilic & water soluble. kil (bl ¢l
s Lally ol gl g

Prof. Dr. Isam Agha 58
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Stability- Effect of acids
oA gaall il g Ay o)

1. Mild acidic conditions ®complete hydrolysis
(cleavage of all glycosidic linkages) =
aglycone + individual sugar units.
2-deoxy sugars directly attached to the
aglycones are the most easily hydrolyzed

2. Drastic acidic conditions =& elimination of
OH group at C-14 = 14, 15 anhydro
derivatives.

Prof. Dr. isam Agha 58

Stability- Effect of alkalis
iy IRl A0 ALl

s + NaOAc & Isomerisation of lactone ring from
unstable p-oriented =» stable a-oriented =
inactive allo-cardenolides.

% + Na,CO, > deacylation of acylated sugars (e.&
of acetyl digitoxose in Lanatosides
corresponding Purpurea glycosides).

2. Drastic alkaline conditions: e.g. + strong NaOH
solution = cleavage of lactone ring = carboxylic
acid salt & complete loss of activity.

o o COONS
o o C on
18 . ° w P - 1y -
3 CERRN ne oy
| / | e
//\\ «\\, - \\/
OH OH OH
Cardenolide Alo-sardenolide Carboxylic acid salt
Prof. Dr. Isam Agha 60
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Stability-
Effect of hydrolyzing enzymes
Agalall cilay 331 815 9 40U

Glycosides + Enzymes = Gradual hydrolysis

» Example:

Primary glycosides + a-glucosidase =
removal of terminal o-glucose =
Secondary glycosides

Prof. Dr. Isam Agha 61

Chemical tests-
A- Color reactions due to the aglycone moiety
Apilaasll i LZAYS
CSSHEY aia (S Ailia Ce S

+ Reactions due to the (-CH,-) group of the lactone
ring [characteristic for 5-membered lactone ring of
cardenolides]:

1. Legal’s test: + Na nitroprusside + NaOH
=>deep red color.

2. Raymond’s test: + m-dinitrobenzene + NaOH 2
violet color = blue color.

3. Kedde's test: + Kedde's reagents A (3, 5
dinitrobenzoic acid) & B (NaOH) = violet color.

4. Baljet’s test: + Baljet's reagent (picric acid +
NaOH) = orange or red.

Prof. Dr. Isam Agha 62
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Chemical tests-
A- Color reactions due to the aglycone moiety
Ailpasll il LEAY)
OSAEY) aa LiAST Agilia Mol

& Tests for steroidal nucleus: +ve with
any steroidal compound including
cardenolides & bufadienolides:

1. Antimony trichloride test: + SbCl; / CCl,
= blue or violet.

2. Liebermann'’s test: + glacial acetic acid +
1 drop conc. H,SO, = red, violet, blue to
green.

Prof. Dr. Isam Agha 63

Chemical tests-
A- Color reactions due to the aglycone moiety
Aailral il LAY
oSl aciall CAEST ApilasS CO IS

Keller-Killiani’s test (for 2-deoxy sugar):

Glycoside containing 2-deoxysugar + glacial
acetic acid (+ traces of FeCl;) + conc. H,SO,
(carefully added on wall of test tube =>

lower layer) @ braown ring between the
2

layers.

Prof. Dr. Isam Agha G4
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Quantitative determination

(Sl aaadll

& Cardiac glycosides must be carefully

determined in crude drugs & pharmaceutical

formulations as: clsiglall oS saadl 2l ol Gy

140y ilaadd dlld g (5 JSdy

1. They are highly toxic. 4l e

2. Their amount in plant material is liable to
variation (stage of development, seasonal
variations, drying & storage conditions)
UL A L B ) sl

Prof. Dr. isam Agha 65

Methods of determination
Laadl) 3k

. Colorimetric: based on color tests e.g. Balget's or

Kedde's. &3

. Gravimetric. 455
. Fluorimetric (combined with chromatography) o\

Gl

. Biological: most widely used, based on determination

of the minimum lethal dose that stops the heart under
specified conditions. 5! s

. lmmunoassay. ‘sl
. Chromatographic methods e.g. RP-HPLC (Reversed

Phase - High Performance Liquid Chromatography).
Ll e gile g SI1 (3 5k
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