Saponin glycosides
Linigsball Ol jeSglall




General characters
ol yolg=dl

1. Widely distributed in higher plants. # auly Jsda 5485
ltaly

2. Bitter, acrid taste & sternutatory (irritant to mucous
membranes). 4blial) LAY i AT Jalag 4 lganh

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. Jsd
slall aa gl A3 88 ady (e Bladl) Luge Jalda slall pa
Sl AdA g (hbil) i) elall da <y clall daad) Lgal sid
Al Jdlad) A skl
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General characters
ol yolg=dl

1. Form insoluble complex with sterols.
+% Destroy RBCs 2»haemolysis.
% Toxic to cold- blood animals (fishes & frogs).
&% Toxic by i.v. injection & harmless by oral route.

o Ligad Aol e g sl Gkl dala
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General characters
ol yolg=dl

ais C dot concentration 5
positive negative
control control
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General characters
aolel Lolg=dl

Not soluble in diethyl ether LYl Y 84053 pe
Soluble in water, ethanol, methanol, alcohol water
mixture Js>S e A5 Jsiliadl 5 J 515 Ll & 4 50
elall g
Specific solution is n-Butanol or Is-oprobanol JS s 4l 3
st s 05 ¥ s oaliill J 5l sl b e

Absorption max. 210-220 nm (glycyrrhizin 254 nm)
et 220-210 4s 50 J sy (odae Y Lpaliatal
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Chemical characters
A bousJ| Loledl

1. O-glycosides = hydrolysis > aglycone (sapogenin)
+ sugar moiety. ALYl i sl Gyl A
§ St a3 (O s2ba) (5SS o (5 S Y ain dudaalal)
2. Aglycone: ¢sSiel) ama (385 Lgdiias
— triterpenoidal (C-30) [mainly in Dicotyledons]
AL Aol f clblal) dpuled (9839 1 (st ADE Gl plia
— steroidal (C-27) [mainly in Monocotyledons]
Lol (R 9 Jgunieund 5811 (o ARIdia Ay )3 ()5S0 g Al g e il il
gt ugl GeSi By Gliug e ol Glugud hads (9SO
sl il (2 o) Al el 31 gl A (S ¥l Jam gl Jan S
LagalS (2 9} 4 gl
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Classification of Triterpenoid

Triterpenoid Saponins can be classified after
Sapogenin part in three types: (35 «auan
S OsSale Y aa

o g-amyrin Gl ll

¢ [B-amyrin (gl Gu

* Lupeol Jsus
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Classification of Triterpenoid
a1 s il LU Gl pball canual Saponins

HC.  CHy

HC  CH N
\ fﬁ NN
|

Koy ikl

N

X TN\
' CH; | CH,
B Amynn Lupeol
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Chemical structure of Diosgenin and Hecogenins
spirostanol type

J 5l g il Jaad (e Lad 5 s 5ol 5 Cpims 5pall 4000 ST 4 )

Diosgenin ( A 25a-spirosten=38-01)  Hecogenin (Sise/ spp.)
(various spp. of Dioscorea,
Fenugreek)
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Triterpen Saponins
Cr ol QLA Gl giliall

\:~\<:by.\'rm Day Natural Tech Co., Ltd.

OH
O i 2OH
’0?:’0H E
;
J vy
“n, 0
BOL 5/:} HOVC.K/OH
s 0 ‘.\O
S R~ © eXt ra C’t
HO™ OH
50" OH
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Chemical characters

O lwigslal) awloasl yolgsdl

3. Sugar moiety: s Sl audll 38 5 Lgdiial

3/25/2020

Often contain uronic acids or acyl residues.
Usually glycosylation is at C-3.

Sometimes -CH; (side chain) & -COOH, which
may be esterifi ed by a sugar. 2 sl ava hadi
Cre ol ga die A dldg 14 I s Jay AQJM\ S (sa
M.u LUAJ\) AAJjSJM\ aal La) eS8 dua (o esale Vs prmiss
(Ca gy G S Cpiladi hadi ) S stad) AU (Baslg 4y S
(S Jedbar &y Jald ) b gS ol (D
Cua (SIEY) ana e 3 phagal e il BLS Y G eS
o) B_ad) 4 gl u.uthjl\ &\y&a\yuﬁyw\guﬁ 4808 g aa g8
Aiguy palaal J8d o LSl 85 385 JaS 9281 pa
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Tests for identification

Lol Ol,Ls |

1. Froth test: 551 sl
1 ml of aqueous solution of saponin or plant
extract + shake = persistent & voluminous
froth. 32e 480N AadAl) o Al cigiball Jolae e o 1 2
Aallad aa ok Aol ) Guuldly 568 1) (e agee JSdidd 4406 15
) Ao o siliall
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Tests for identification

Lol Ol L

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

ae A Jolas Jas B s paad pall S (Blaa (3e s shacia e g
S Bady s ¢ gl Jlaa dag B 5 puanall AL AadAl
sl Al dallad aga g o J Laa Ay f e B 331, J sl
( gl e gl (i) £ pand) ol
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Quantitative Determination
oS Wliwgslall o uleo

1.Gravimetric method <o ill 44y )k
— Saponin glycosides + Ba(OH), = precipitate [Saponin-Ba(OH),
complex]
— Filter, dry & weigh the precipitate = original weight {W1}
— Ignite & weigh the residue=>» {W2} (calculated as BaO)
— W1 - W2 = Saponin content
— ekl S g (i grbial) dira (e Aol g bl daS g3 g iyl gilial) (S
Gy g el (4 a gkl ds) kel ugli G daag G5 A (rag Al ) Al i
LAl (2 Gl glall oo sy oM O 32
2. Determination of Foam Index 5 i Jalza aaas
— 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 in a graduated
cylinder for 15 seconds after standing for 15 min.”

BsS N (pa dgas plall B jlial) Jolaa adaa Jany) 48] o (358 1) Jalaa) B o Sl qunaia sy
(4883 15 30 i3 6 1) (ha 3 gand) 130 9 Al 15 500 7 1 a1 Aol )

3/25/2020 Prof. Dr. Isam Agha 14




Quantitative Determination
oS Wliwgslall o uleo

3.Determination of Fish Index el cuuia
— Saponins are toxic to cold blooded animals.
— The fish index is defined as:

“The reciprocal of the saponin dilution that kills 60 % of the

experimental animals within 1 hour.” dleudl dale Clis gilal)
Jolaa s dud Al o dawd) quada cijay ddde g 3Ll aal) @l gd @l gaad) g

Baal g Aol A 3 yuidal) il gaadl (e %60 JB o a8l o gluall
4.Determination of Haemolytic Index a3 JNladl cuuda
— The heamolytic index is defined as:

“The greatest dilution of saponin that produces complete
haemolysis.” Ja\s a3 Plail cud, s LAY padil Ad) e aal) Dad) cada G lay
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Isolation

J )|

1. Plant material + water, alcohol or aqueous

alcohol + reflux. galiiud g Mu\ dlull) Balal) (3 gawa A9
Olulelly aoba 3 jue Cali pla g J sl g

2. Concentrate & precipitate crude saponin mixture
with: sl (uiglall quuy ai ey ciiady (Jsad) 2hy) IS
CHMA Jslaa Aliay) Sarg o) ey AN FEIAT
ual.m)l\ CHA o) dudaalaldl i bl G Al acudiall ual.mj\
aany saraadl) sy dldy Addieadd) clidglal caw il dwdad)

uab.a
—  Ether or acetone.
— Lead acetate (acidic saponins), or basic lead acetate (neutral

saponins) followed by decomposition with acid.
3. Individual glycosides are separated by
chromatg?raphy CULES aladialy 481 iy plal) Juad Al
Ll & gilag

3/25/2020 Prof. Dr. Isam Agha 16



e

Prof. Dr. Isam Agha

Extraction of saponins
Olbwglall joMaiwl

Powdered
drug extracted
with
petroleum Water residue
etgg}l;ﬁselglg extracted with Alcoholic extﬁlacteg it
: alcohol 80% Extract L
e (ethanol or concentrated (elimination

(efi?fitrlfgt‘ilon methanol with (elimination of non ’FOlar
of lipid) and water) of alcohol) part)

drying D) Galiiog "BPRNPIN R el
Jsasl Galal I paliiu
B2 gl %80 a5ty s
o) Sy aal 0

Dried drug




R
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Extraction of saponins
Olbwglall joMaiwl

Water
residue
extracted
four times
with N-
Butanol
i) daay)
ai ) i
J 3 sally
L;ALL;.;S\

Drying of
N-Butanol
extract
using
vacuum
—axdaiil)
LAl
4 5l all
Sl

The dried
residue

solve in
Methanol

LAl Jas
sl 8

prempltatl
on in di
ethylether
(1ml
Methanol
solution in
about 100
ml of di

ethylether)

& e il
J.'u\ d.\.'u\ Lgﬂ\

Dried
precipitate
constitute

the crud
saponins
mixture.

Jial) )
SR P
u.l\..q;\
e&l\
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Separation of Sapogenins

S | UgSuleMl Lad

Sapogenins are separated After acid hydr. the
by acid hydrolysis of the sapogenin extracted with
saponins, But Previous organic solvents

fermentation of the oaliiog dadall ZaleY) da

material for some 4-10 3 gl il fyina il
days give a better yield.

Laadla Aol (5 (g g
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Detection of saponins using TLC
aa.8,J| aadal ode wluglall e sl

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

o (slotd slisata 5o 5KK) & paiall skl
- Stabile phase: silica gel or RP8, RP18
o pasSall skl ol Ay jall Ll (e milia i) ) sall
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Detection of saponins using TLC
LAl e sl
%

Spraying with Anis aldehyde = Spraying with water (surface
/ Sulfuric acid reagent activity, weight spots)

Cu Sl oaaa /o sl aanally 31 clall 3 )1

Detection:
. Sx l. f

)

Using blood gel suspension UV exposure (plats with
reagent (haemolyse effect) fluorescence reagent)

bl aall Cadis Lt (368 AV
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Detection of saponins using TLC
as.8,J| aada)l ode wluglall e sl

Anis aldehyde / Sulfuric acid reagent: 2»all 3 )l (ails
Cu Sl aes [ G sudll

(Bo%Methanol+15%glacial acetic acid + 5%sulfuric
acid + 15 drops of anis aldehyde) after spraying
heating about 10 Min. in temp. 110 (coloring
reagent) (aes +%85 Jsilise 1z e (e IS S
) e B yk8 15 5 %5y Sl aes + Y15 AL JA
Ol



R
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Detection of saponins
Olbwglall s

1.

Color reaction with aromatic aldehyde (hydroxyl
triterpen with anis aldehyde, vanillin . g 455 <Olelss
lilall Jie el Cilua 29

In strong mineral acids (sulturic acid, phosphoric acid,
perchloric acid) gives colored mixture (dehydration
reaction) 4 sk Claaxa 285 diamall (i gasd) (o Jas gy ot ¢
Reaction with sulfuric acid and anhydrous acetic acid
(unsaturated and hydroxyl trlterpenmds and ster01ds
(Ol

Reaction with mineral acids and oxidant (Zlatkis-Zak
reaction) ClawsSisall g dpazall (o geall xn Jela

Reaction with Antimony (III)-chloride x5S o Jela
u_d.ﬂ\ O )A.u‘ﬁ\
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Property of Saponins

Olwgslall yolg>

- Saponins frothing aqueous solution.
o clall 1y 3

» They have haemolyse property

o pdll dlla il 5a Ll

- They have a high molecular weight
» 3000-1500 e sl sy e i o) W
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Hl determination
oMl M=l Jolo

* HI is the haemolyse index which indicate the
milliliter number of blood which haemolysed by
only one g of the drug

o Otisiia 1 8 Ge leda oy Al anll O jililae 20y e jery

« HI .= HI « X Csa/ Cst

* Csais the concentration of the sample solution in
the last reagent glass in which the blood
haem()]ysed Al Joas) ad Chas Lgﬂ\ Ll L_mj.u\ S
- Cstis the concentration of the standard solution in
the last reagent glass in which the blood
haemo]ysed A o) a8 dhas Lgﬂ\ ng_uud\ P g
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HI determination
pall WMol @iy,8 2o
* To determine the HI we need the followings:

1. Phosphate puffer (PH="7.4)<w 58 45 )l

2. Blood suspension 4% in the Phosphate puffer
(PH=7.4) &l & 5500 Glas

3. Standard saponin dissolved in Phosphate
puffer (PH=7.4) ¢_bxall i sball J slaa

4. Sample of saponin dissolved in Phosphate
puffer (PH=7.4) 4=l Jslas
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HIl determination
pMl M=l a6y,8 3o

* We need two series of reagent glasses (sample,
standard) a3 bl e sans
* Add one ml. of Phosphate puffer (PH=7.4) to all
glasses b 48 B ) e Jle 1 il
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)
5 el ALkl ol wd}y\ 583U (5 ) G0 o 1 il
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HIl determination
oMl Nl au,d o=

* 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 ml in every glass) J< il (o Jk 1 ol
Al Al (e 50l

* Add one ml of the blood suspension in every glass
of two series. Cilulull IS (5 seall Blaall o Jla 1 il

«  After 4 hour determine the last glass of two series
in which the blood still totally haemolysed. And
determine the concentration of this glass. 4 =
Jal€ asd calail o) palilod) S e a1 Gy 20y cile L
G s S 5 aan g ((Sae add o) LS ¢ jeall aall @il <

Cribilid) SIS




TLC of Saponins

-—

=

l‘ — LY
AR AR2 AR3 AR-2B AR2B-FT7

3/25/2020 Prof. Dr. Isam Agha 29

AR2ZB-Shat IV




Hl of saponins

e IR 1 ska,

HI
Visual
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100
Mild

400

3200

Severe
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CAAM\GAUMJJ\

Panoxadiol Panaxatriol

408 Gl gl

20-S~- Protopanaradiol ,
R'= R%: H

Ginsenoside R,
R'= D-Gluc (1~2)D-gluc
R%= Ara (pyr) (1=6) D-gluc

3/25/2020 Prof. Dr. Isam Agha
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HO HO
Diosgenin ( A° 25a -spirosten -38-ol ) Hecogenin (S/sa/ spp.)
(vorious spp. of Dsoscoreo,
Fenugreek)
COOH
N

Ol
HO HO-~
Solasodine ( Sokonum spp.) Deoxycholic acid (ox-bile)

==

HO HO
Stigmasterol (soya) Sitosterol ( soya)

z

Lreds 35 55 5 steroids «oldy g pxad) my 1524 JSCEJ)



CH3

OH H C|:0
(o) HO&&

Testosterone Oesirodiol Progesterone
SEX HORMONES

CH2-O-CO-CHsx

?HZOH
O _~
HO CH3
2 o
Cortisone ocetate Betomethasone
CORTICOIDS
O
C:CH C:CH ‘ l
i _OH i _OH T o
o CHyO o T™S-CO-CH,
Norethisterone Mestranol Spironolactone

ORAL CONTRACEPTIVES DIURETIC STEROID

L:.—')&_c— &3l steroids ol y el e alsa] 1424 JSCad)



H
Squalene Squalene-2,3-oxide Triterpenoid cation

Oleanyl cation Lupeny! cation

B- Amyrin
triterpenoids J s s WS Biosynthethic (> Pyl el s 19.24 Jsadi



Triterpenoidal Saponins -
Licorice saponins 9 il aoli wliuglall

gl 9,c

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

COOH

Glycyrrhizic acid = Glycyrrhizinic acid

Structure

Glycyrrhizic acid = Glycyrrhetic
acid -3 O- diglucuronide (2 molecules wo

of glucuronic acid)

Z
7z,
7

Glycyrrhetic acid
(aglycone)

Glycyrrhetic acid = Glycyrrhetinic acid
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Ginsenosideswll ) gaiiazd

samericat 2 B CH;
e S ROC
kY
R,O HO ., I
% v =
O R,
20(S)-Protopanaxadiols 20(S)-Protopanaxatriols
Ginsenoside R R2 Ginsenoside R, R,
Rb, -glc (2-1)glc  -glc (6-1)glc Re -glc (2-1)rha  -glc
Rb, -glc (2-1)glc  -gic (6-1)arab Rf -glc (2-1)glc  -H
Rc -glc (2-1)glc  -glc (2-1)arab Rg -glc -glc
Rd -glc (2-1)glc  -glc Rg, -glc (2-1)rha  -H
wow P
\ LAMBERTS ;g GINSENG %
=l . — tingeng

Root to “Health’
RovAL JELLY &




Cardiac glycosides wlijgSglell
audall aolegll

Cardinolides, Bufadinolides 4«
2 5103l g3 9 2 53 IS




Cardiotonic Aglycons ugSul<l
audall aulegll wlay;eSelell

o)

CARDENOLIDES :

HO\A Digitoxigenin
- A/Bcis-B/Ctrans - C/D cis
Digitoxigenin (H-58)

Uzarigenin (H-50/) O __o

BUFADIENOLIDE :
Scillarenin

HO = HO

I'lll-



Chemical Structure 4l 41

Steroidal nucleus with: s 535 4au g i b1 68

% An unsaturated lactone ring attached to C-17 4ia
17 poa sally Adasi ja Aapdia o A 558V

% B-hydroxyl group at C-14.lu g sally Jaus g 14 ds gada

Sugar moiety

Basic structure of cardioactive glycosides
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Chemical Structure

In addition to:

1.

2.
3.

4.

¢

o

3/25/2020

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.
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Chemical of Sugar moiety Skl
Adadi jalf

+ Characterized by being:

— Attached to C-3 of the steroidal nucleus. a2 (x 3 g galy ddasi
GsseY)
— Variable number of sugar units (1 —4).4-1 ¢ SSul) (e 2

& Sugars are of different types: hexoses, methyl

p——

pentoses & 2-6 deoxy hexoses etcikii yll SKul L,

Type of sugar sl ¢ ¢ Examples 4L
1.Hexose Glucose
2.Methyl pentose (6-deoxy Rhamnose, Fucose &
hexose) Allomethylose
3.2-6 deoxy hexose Digitoxose & Boivinose
4 .Methyl pentose-3-methyl ether |Digitalose
5.2-6 deoxy hexose-3-methyl Cymarose, Sarmentose &
ether Oleandrose

3/25/2020 Prof. Dr. Isam Agha 41




Examples of the Aglycone of Cardinolides
Oladgius, S ubgs.dsl O ol

it
OH

Sarmentogenin Digoxigenin Oleandrgenin




Sugars of Cardiac Glycosides

HO ¢y,

o
CHsomOH

B-D-Diginose

H3C
0)

N
\/N'/OH

HO

7

HC

B-D-Digitoxose
HO ¢,
O
%OH
OCH3;

B-D-Sarmentose

HO HO
%&/ \%mo
HO % 2 CH30 OH
OH OH

B-D-Fucose B-D-Digitalose (3-O-methylfucose)
OH OH
H.C—7~ ) H3C e A /,J
HO—/— HO\/N
HO
H;CO OH

0.-L-Oleandrose o.-L-Rhamnose

HO ch,
0

OH

OH
-D-Boivinose

o.-L-Thevetose



Sugar moiety Sl

+ Generally there is no branching in the sugar chain &s<
e jita pf Ay S Judu J8& Lo ale 8

% “Primary glycosides” have 1 or 2 molecules of
glucose attached to the end of the sugar chain.
Removal of these glucose units (by prolonged storage
or enzymes) =2 “secondary glycosides”. <l jss sl
el Bl Algdl) (& Cpihadija oS5l Ala ) A el 4 4Y)
JOT ey (SNl o) Jaghll Bdall) GeSelll jSw ANG) Ay Sad
Ay I il 5 Stal)

% Sugars can modify activity (potency, toxicity),
solubility, distribution & absorption of glycosides. (S«
goslly Anlodll e dliSy (LU dpad)) Adladll e Jad o) SlSll
Gl § oSalal) sded Lalaial) g

3/25/2020 Prof. Dr. Isam Agha 44



Classification 4uile gl il gSulal) (duiual

According to the type of lactone ring presentin the
aglycones as: (J 4xile gl cilay j <uli) Cliual 4 gisU) ARIall 18

MR puda) g4 Cardenolides Bufadienolides
Points of (Butenolides) (Pentadienolide or
differentiation sl gy sl Scilladienolides i gl gl

. Structure of lactone | 5-membered (4 C +1 0) 4wlia | 6-membered (5 C + 1 O) uilaw
ring 4.yl 4l

. UV 220 nm 300 nm

absorbance u<al<aicy!

abe ) — ve (Kedde's, Legal's &

+ve (Kedde's, Legal's & Raymond's tests) g (ol Joli any

. Tests for Raymond's tests) =\ Jeldi Ly i gl g Jlal g BasS

identification </ _Lisl (Asadly Jid Baxs)

oasduial)
. Examples: Digitalis & Strophanthus Squill (Urginea) S«

Glycosides of 4Ll 0L g el g Sl
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Classification
o

Bufadienolide
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Properties, Stability & Hydrolysis
AalaY g ASLAl ( al gl

+ Condition: crystallme odorless & Dbitter
taste. s (313ax g Aadl Db 3 elila aa gf rlgilla

= Solublllty most are hydrophobic, soluble
in organic solvent, slightly soluble in water &
freely soluble in alcohol cplall A2 IS (A rADady)
uﬁ 4 93 g slall uﬁ Oligdl) dL18 (A guland) c_\l.a.m..d\ uﬁ 450 ¢
S g J sy

Except: ouabain highly hydroxylated,

hydrophilic & water soluble. (k! sl LY
Led ) g g dnilall cludall Cina ggd
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Stability- Effect of acids
pakaal) il Wi

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

s Ao Jgaal) aid SISl AAlaY) uud diad ks b gy
O sSEY)

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

derivatives. Jsiiy slall £ 55 and 33 s by (4
£ laa dlay |
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Stability- Effect of alkalis
iy gl i
A

Mild alkaline conditions = different products acco,rdmg to type of
AR JSdd i (5 518 b 93 2wy alkalli:

Ly dﬁ dddxia Ciladiia
% +NaOAc 9 Isomerisation of lactone ring from unstable B-
orlented = stable a—qnented = inactive allo-cardenolides. ¢
Sl g Al s als a4y ﬁ‘\wubjm‘,hueydyd\ dda g il
(s o) b e S 0 i

* + Na,CO; 2> deacylatlon of a

ltoxose in Lana osu es corresponding Purpurea
&Ja aly Auilill) agudguall Cligy S 2

l cosid es s el Jia
8){4) ué.u ﬁﬁu\ube)-“d.\JM)J}uSHﬁ‘
+ strong NaOH solution >

Drastic alkalme conditions: e.g.
cleavage of Iactone rmg = carboxylic acid salt =& complete loss
\CL\S.!‘ 2 A8 s gall LS g Jolaa Aol 1du g8 dagld hag

of actwuﬁx
Al g 73k S8y A gaS|
COONa

0
18 ‘ o 18 \@
17 7.5

OH OH
Cardenolide Allo-g: {gegoligg%a

glated sugars (e.g. of acetyl

Carboxylic acid salt 49
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OCHg3;

K-Strophantoside

Bryophylline A (= bryotoxin C)

CHO o)

OH HCO

OH

ROo” - -

OH

R = B-D-glc-(1—>4)-o-L-rha-(1—>) : Convalloside
R = a-L-rha-(1—>) : Convallatoxin

Hgac 7‘:\0‘/
- L .
HO Ouabain

OH



Biosyntheses of Cardinolides
Oladgus, S LSszI &_L‘Ja..o\”

COgH
Cﬁg ot
HO HO™ 3

Pregnenolone ~ 5§-Pregna-3, 1421 triol-20-one

l Suggested intermediates in the biosynthesis of czdenolides |




Characterization of cardiac glycosides

» Extraction g=a3.Y)

o Purification 4.l

» (pulverized drug + ethanol 50%, and lead acetate
solution, boiling, cooling, elimination the
residue by centrifugation. The supernatant layer
extracted with CHCl3, Chloroform solution used
in the test.)

o Qe (pabia) DA Jlan s %50 Jslhl+ e (8 sasa
ol e ) 85 ) oISl AadAll andiud g a6 5 ) SISIL



Color Reactions
augll oMeladl

- Color Reactions of the Sugers: SSull 4351 C3lelss

1. Xanthydrol reaction (adding xanthydrol to the
glycoside solution in concentrated acetic acid, heating,
red color. Jslae (A J il < Adlia) die 1 5l <) Jeld

e O o dean paiall g JAN Gmes o S e dai g 35 5SGla1)

2. Keller —Kiliani reaction: ~L IS Jel&

adding of concentrated sulfuric acid, traces of ferric salts to

a glycoside solution in concentrated acetic acid, reddish-

brown ring develops and the acetic acid solution turns

slowly blue-green. & (e ) sSalall 4ada ) Jall (aes 48l

st IS Sl Gaea (e il 1 a5 daad) 315 s e (e L) ALl

de (535 G s Alla JSE 5 JA aea Ak A p=d) ol

Soall Gyl (aes 48l



Color Reactions of the Aglycones
Sl Sale MW A o e L

1. Steroids Reactions <l 5 yiull c3le s

2. Kedde reaction (Orange color with di-nitro
Benzoic acid) and Baljet Reaction (orange color
with picric acid): Aromatic nitro derivatives
gives in an alkaline medium, deeply colored
adduct in the presence of unsaturated lactones
rings.

gkl 5 il Glaie e 2 i sll A8la) Coally Jelds ¢ 308 Jelds

(5588 Lo s



—
Color Reactions auqlll wMcelail

- Fluorescence Reactions: &Gl cileles

Cardiac glycosides form, under acidic conditions,
fluorescent dehydrated derivatives (14-dehydro
derivatives), and in the case of Aglycones
substituted at C-16, 14, 16-didehydro derivatives.
(resulting trienone has three double bonds
conjuated with carbonyl groups). aes buig ol
dallia clall de g yia Chlatdia

These reaction is useful to visualize
chromatogram (TLC). 4&kll Je 3, CailsS Jelal) andting



Color Reactions augll owMelail

-  Fluorescence Reactions: @\l <ol

1. Jensen reaction: &S (i Jeld

Spraying the plates with trichloracetic acid in
solution in ethanol. The simultaneous use of an
oxidant (chloramine T) allows the observation of
fluorescent spots of different colors, which
facilitates the interpretation of the chromatograms.
Phosphoric acid can also be used, alone or mixed
with sulfuric acid and ferric chloride.



Quantitation & ,,leoll

- Colorimetric method (Cardinolides):ix s 43 )l
after Kedde reaction (lactone ring) or Baljet
reaction. cuall 5l 308 Jeld aladiul;

- Changing in the max. Absorbance of the solution

after adding alkaline (Bufadinolides). 4ed s




Aglycones and Cardinolides in Digitalis
purpurea audsll wlijesSudell e aliol
dueull

0V o

R R = H : Digitoxigenin
R = OH : Gitoxigenin
OH R = 0-CHO : Gitalexigenin o)

HO

F b
0

Purpureaglycoside A

Digitoxine ( = digitoxoside = digitalin)



Synthesis of new derivatives g Lla.ol
Olau;0 LW o | lael audsdl wlaujeSudell

OH —

0
oH i o 4
”0%/0#%0 © o/ ~70
HO OH o / o
OH

H

CH3COH

Lanatoside C

N

o)

L

HO. o fsiso bl
o

o-Acetyldigoxin

B-D-glucose

B

B-Acetyldigoxin

\CHgCOgH

\)OH

Deacetyl-lanatoside C

l\ p-D-glucose

Digoxin

*R = dox-dox-digoxigenin



Scillarins wladguslégdl e aliol

e
N

Scillaridin
Scillaren A
Prosc1/lar1dm A 7
R = H : Scillirubroside (@) R = H : Scilliglaucoside O
R = OCOCHg; : Scilliroside R = OCOCHg : Scillicyanoside
7N 7 o

/ g /r\/ sty /‘\/

\ 2
/k L. OH
o E I
B-D-Glc-O == S Sy



Stability-
Effect of hydrolyzing enzymes 4stil
day 3N dalaY) L

Glycosides + Enzymes = Gradual hydrolysis
g i Aalal () (g2l aa 3+ 4 eSS
» Example:

Primary glycosides + o-glucosidase =>
removal of terminal o-glucose =
Secondary glycosides - 4d5¥) cila ) Sl -l
OS5k bl Juasi) I gas Hla ) sSale Lall
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Chemical tests- 4xbuasl) ol jLaay)
A- Color reactions due to the aglycone moiety <Jeli
OSSN amia 352 ol 3 g2l A ]

% Reactions due to the (-CH,-) group of the lactone
ring [characteristic for 5-membered lactone ring of
cardenolides]: 4dlall o i cle gana 393 o8 COle W) sda duaas
(ol gaa S rdauladld) 4 S AGIal ABIaY jiaa) A giSOU)

1. Legal’s test: + Na nitroprusside + NaOH =>deep red
COlOr. (518 Lo sy a g3 guall a9 0 9 45) Juad LS

2. Raymond’s test: + m-dinitrobenzene + NaOH =» violet
color = blue color. (s b g G g8 g2 L) digayl JLa)

3. Kedde’s test: + HKedde's reagents A (3, 5
dinitrobenzoic acid) & B (NaOH) =» violet color. J&5a)
S S8 2 ) g 3y 9 A (g3 RS

4. Baljet’s test: + Baljet’s reagent (picric acid + NaOH)
= orange or red. (s hugp sl gaaa) cpally LI
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Chemical tests- 4xbasll & jLady)
A- Color reactions due to the aglycone moiety
O oSIEY) i 3 g2 Al of S

%~ Tests for steroidal nucleus: +ve with any
steroidal compound including
cardenolides & bufadienolides: s~ <l sl
il gaa S Lgia g e g i) aa dard 1dga g piied) 3 il
5 jaa Ul gl clad gald gal)

1- Antimony trichloride test: + SbCl; / CCl, =
blue or violet. o) sail¥) & sis A

2- Liebermann’s test: + glacial acetic acid + 1
drop conc. H,SO, = red, violet, blue to
green.<u 8l gaaa g AL JA) (aas) Gla sl LSA)
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Chemical tests- gasiia Sl 3529 g a3 &l Las
Cmas gy
B-Color reactions due to the sugar moiety_

Keller-Killiani’s test (for 2-deoxy sugar): Jels
Glycoside containing 2-deoxysugar + glacial

acetic acid (+ traces of FeCl;) + conc. H,SO,
(carefully added on wall of test tube =

lower layer) & blue ring between the 2
layers.
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Quantitative determination
(5 jslaall) Sl yaail

Colorimetric: based on color tests e.g. Balget's or Kedde's. -4
Baus Jo ity

Gravimetric. Al
Fluorimetric (combined with chromatography) Gt («bia

Biological: most widely used, based on determination of the
minimum lethal dose that stops the heart under specified
conditions. (&) ¢ %60 ©s4) o LI

Immunoassay. s Uall @i iy

Chromatographic methods e.g. RP-HPLC (Reversed Phase - High
Performance Liquid Chromatography). Ll e gl 5 SI) (3 )k
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Digitalis lanata glycosides — Structure
B yall Jlasal) il 5 9SulS A,

» Primary glycosides with acetylated sugar
moieties. Aliu e SIS ddas o 43 g¥) Gl ) oS glall
» Major constituents: <) siall aal

Primary glycosides Secondary glycosides Aglycones
Lanatoside A Digitoxin Digitoxigenin
Lanatoside B Gitoxin Gitoxigenin

Lanatoside E Gitaloxin Gitaloxigenin
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Digitalis lanata glycosides - Structure ‘

oY 3

|
f—-D-digitoxose

Glycoside R Aglycone
Lanatoside A H Digitoxigenin
Lanatoside B OH Gitoxigenin
Lanatoside E CHO Gitaloxigeninj

B-D-digitoxose
B-D-digitoxose - 3- O-acety!l

B-D-glucose
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Digoxin (Lanoxin®)

Additional OH
O | @eie
\ 250 micrograms
0 H dgaun tablets
H
(0
| O
B-D-digitoxose I .
I p-D-digitoxose e
B-D-digitoxose | DIGOXIN
| -D-digi |
B-D-digitoxose - 3- O-acetyl lI3 D-digitoxose fl ===
| - = =
B—D-glucose B-D-digitoxose == T
w_————
Lanatoside C Digoxin
3/25/2020
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Digitoxin

|
B-D-digitoxose

|
B-D-digitoxose

|
B-D-digitoxose - 3- O-acety!l
|

B-D-glucose

Lanatoside A

3/25/2020

B—D-digitoxose

|
B-D-digitoxose

|
B-D-digitoxose

Digitoxin

Prof. Dr. Isam Agha
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Strophanthus kombe glycosides

o sl g yiall il y Sale
(@)

Glycoside R=sugar moiety
K-strophanthoside Cymarose- f—glucose- a-glucose
K-strophanthin-B Cymarose-—glucose

Cymarin Cymarose
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trophanthus Kombe glycosiaes

u.\'é o S‘ Q‘M . § S~
Hydrolysis: 4!

Enzymatic (gradual) (i) a3 dalall
% K-strophanthoside+ a-Glucosidase = terminal a-glucose +
K-strophanthin-B
< K-strophanthin-B + strophanthobiase = p-glucose + cymarin

Uses:
K-strophanthin-B (like ouabain) is mainly used for intravenous
therapy.
Chemical tests: </ iy
= +66% H,SO0, =2 emerald green color. %66 <8l jass 2a

= Solution in H,0 + FeCl; + H,SO, = red color = green color.
i gs daadl )lS G489 S sl paaa 2a
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Strophanthus gratus glycosides-
Ouabain (G-strophanthin)

Hydrolysis: =»ouabagenin + rhamnose.
Structure:
1. Most polar cardiac glycoside.

2. Characterized by the presence of -CH,OH
group at C-10 & additional OH groups at
C-1& C-11.

Chemical test </ i)

1. +66% H,SO, = pink color = green
fluorescence. %66 < <l (aas 2a

2. + Froehd’s reagent, evaporate + conc.

H,SO, > blue color, ge 43y A 348 uuu\ OH
JSJ-J‘ H*Jéﬁ‘ L-Rhamnose
Uses
Used as cardiotonic & antiarrhythmic
agent.

Ouabain
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Squill glycosides- White squill
Juaind) Qb ol

Chemical test </_Liay

1. Squill glycosides ?ive positive tests for the
steroidal moiety only, as they neither contain a
pentacyclic lactone ring with a -CH, %roup (c.f.
cardenolides) nor a 2- deoxy sugar in their sugar
moiety. 4ill) clelds Y Laly Aai g i) acead) DS L85 Lok dany
¥ Y Ao sl Sl elleldn Jany W g dsalad G LY 4 O

2. Squill glycoside or aglycone + acetic anhydride +
H,SO, &blood red = blue = bluish green color.

Ll ;%ueﬁ\ waaa g JAl) plaea eladly e SV ) Juaind) eSSy

A




Squill glycosides- White squill
Jeaind) Gy j oSlE

R=H, Scillarenin
. Acid hydrolysis
R= Rhamnose-glucose, Scillaren A ) Acid hydrolysis
_ Enzyme (scillarenase)
R= Rhamnose, Proscillaridin A < hydrolysis
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