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                                  Cardioactive glycosides 

The members of this group are characterized by their highly specific action on the 

cardiac muscle, increasing tone, excitability & contractility. 

The aglycones of these glycosides are referred as "cardiac genins". These aglycones 

are steroidal in nature, specifically, they are derivatives of cyclopenta phenanthrene 

containing an unsaturated lactone ring at C17. 
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All cardio active glycosides are characterized by the following 

structural features: 

1. The presence of β-OH at position C-3, which is always involved in  glycosidic 

linkage to a mono, di, tri, OR tetra saccharide. 

2.The presence of another β-OH group at C-14. 

3.The presence of unsaturated 5 or 6- membered lactone ring at position C-17, also 

in the β configuration. 

4.Additional OH groups may be present at C-5, C-11 and C-16. 

5.The A/B ring junction is usually (cis), while the B/C ring junction is always 

(trans) and the C/D ring junction is in all cases (cis). This applies the word 

CATSC, where A means anti (trans not between two rings, & S means sin (cis not 

between two rings). The rings are lettered & the carbon atoms are numbered. 
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                         Configuration of the rings of cardio active glycosides 

 

Cardiac glycosides that α-β unsaturated 5-membered lactose ring in position C-

17 are known as cardenolides (C23) which is called butenolide. These are 

represented by the digitalis and straphanthus group. 

Digitalis glycosides contain angular methyl group at C-10,   while     strophanthus 

glycoside are characterized by presence of either an aldehydic (CHO)  or   primary 

alcoholic (C`H2OH) group at C-10. 
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Cardenolides 

Digitalis glycosides                 R=CH3 

Strophanthus glycosides        R=CHO  OR CH2OH 

- Cardiac agents that have     doubly unsaturated    6-membered   lactone ring in 

position C-17 are referred to  as  Bufadienolides (C24) or scilladienolide which is 

called also pentadienolide.   This group includes the squill glycosides and the toad 

venom, Bufotoxin.    
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Bufadienolides 

 

Squill glycosides                      R1=OH, R2=H 

              Bufotoxin                                 R1 & R2 = ester group        
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In summary the different types of cardiac glycosides can be represented in the 

following scheme: 

 

 

The glycone portion at position C-3 of cardiac glycosides may contain four 

monosaccharide molecules linked in series. Thus, from a single genin one may have 

a monoside, a bioside, a trioside or a tetroside. 

 With the exception of D-glucose and L-rhamnose, all the other sugars that are found in 

cardiac glycosides are uncommon deoxy-sugars e.g., Digitoxose, Cymarose, Thevetose. 

 

Nomenclature of cardioactive glycosides   

The sequence of systematic nomenclature is as follows: 

1. Arrange the functional groups  starting from the least number & denote their 

configuration. 
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2. Denote 5 whether α or β 

3. Denote the type of glycoside 

4. Denote the position & number of the double bonds. 

Note: 

If the compound has one double bond then it is called cardenolide, & if it has two 

double bonds then it is called dienolide, but if it has no double bond then it is called 

cardanolide or bufanolide. 

Example: 
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1β,3β, 5, 11β, 14, 19-hexa hydroxyl- 5β-card- 20(22)-en- 3-rhamnoside  

 

Biosynthesis : 

Cardioactive glycosides are biosynthesized via acetate-mevalonate biosynthesis 

pathway through which cholesterol will be formed then pregnenolone  which will 

add either C2 unit or C3 unit to form cardenolide or bufanolide respectively as shown 

below: 
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Cholesterol 

↓ 

 

 pregnenolone 

 +C2 +C3 

 

 cardenolide bufanolide 

 

 

General properties of Cardiac glycosies :    

1- Amorphous powder                
2- 2-bitter taste                                                                                                                     

3- sol. In H2O                          
4-  4-Insol. In Org. solvents                                           

5-Very toxic compounds 
 6- Odorless 
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Drugs containing cardioactive glycosides 

1.Digitalis (Foxglove): 

Is the dried leaf of Digitalis purpurea  F: Scraphularaceae. Its potency is such that 

when assayed as directed, 100mg are equivalent to not less than 1u.s.p. 

 It is native and widespread throughout most of temperate Europe. It is also 

naturalised in parts of North America and some other temperate regions.  

 

 

                           

           

 Images of D. purpurea 

Digitalis is from the Latin digitus, meaning finger & refers to the finger-shaped 

corolla, purpurea is Latin & refers to the purple color of the flower. 

Constituents: 

The drug contains a large number of glycosides of which the most important from a 

medicinal view point are: digitoxin, gitoxin, & gitalxin. The average concentration is 

about 0.16%. Nearly 30 other glycosides have been identified in the drug ex: 

purpurea glycoside A&B…. 

http://en.wikipedia.org/wiki/Native_plant
http://en.wikipedia.org/wiki/Temperateness
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        Gitoxigenin                     Digitoxigenin                                Gitaloxin  

 

 

Digitalis lanata: Nearly 70 different glycosides have been detected in the leaves of 

Digitalis lanata. All are derivatives of five different aglycones three of which 

(digitoxigenin, gitoxin, & gitaloxin) also occur in D. purpurea. The other two types 

of glycosides are derived from digoxigenin & diginatigenin occur in D. lanata but not 

in D. purpurea. 

 

                                                                             

                                                Images of D. lanata 
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          Digoxigenin                                        Diginatigenin 

 

Comparison between glycosidic contents of D.purpurea & D.lanata 

  Pharmacological properties  

 Cardiac glycosides increase the force and speed of  contraction of the heart. In 

patients with cardiac insufficiency, this positive inotropic effect translates into: 

 
1
an increase in cardiac output 

 
2
an increase in cardiac work capacity without any increase in oxygen consumption 

 
3
a decrease in heart rate, and, indirectly. 

 
4
a decrease in arterial resistance.  The glycosides are thought to act at the membrane 

level, by inhibition of the Na-K ATPase, which would result in an increase of the 

intracellular calcium ion concentration.  
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  Therapeutic indications  

  Cardiac glycosides are currently indicated for: 

1.Cardiac insufficiency with low output (generally in combination with diuretics), 

particularly when there is atrial fibrillation. 

2. Supraventricular rhythm abnormalities: to slow down or decrease atrial fibrillation or 

flutter. 

Cardiac drugs official in BP & USP 

1.digitalis leaf (digitalis tablets) 

2.digitoxin tablets 200μg/tablet 

3.digoxin injection contain 0.0025% digoxin 

4.digoxin tablets contain 250μg/tablet 

5.gitalin, lanatoside C, deslanoside, strophanthus, strophanthin, ouabain and 

squill.  

 

2.Strophanthus:  

Is the dried ripe seeds of Strophanthus kombe or Strophanthus hispidus F: 

Apocyanaceac. Strophanthus is from the Greek meaning " a tune or twist " & refer to 

the twisted lobes of the corolla; hispidus means hairy, referring to the hairy character of 

the plant. Kombe is a native African name for the seed. 

                            

Images of Strophanthus kombe 
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                                       Images of Strophanthus hispidus  

Constituents:  K-Strophanthoside also known as strophoside is the main glycoside in 

both species. It is composed of the genin strophanthadin coupled to a tri saccharide 

consisting of cymarose, β-glucose, & α-glucose. 

 

Structure of K-strophanthoside 

Strophanthoside is used as cardiac stimulant & diuretic. 

Ouabain (G-strophanthin) is obtained from S. gratus 

 

Structure of ouabain (sugar is rhamnose) 
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Ouabain is a cardio tonic used i.v. for prompt therapeutic effect. It is absorbed so 

slowly & so irregularly from the GIT that oral administration is not recommended & is 

even considered un safe. 

 

3. Squill: 

Is the cut & dried fleshy inner scales of the bulb of the white variety of Urginea 

maritima known in commerce as white or Mediterranean squill, or of Urginea indica 

known in commerce as Indian squill F: Liliaceae. 

The bulb which grow half immersed in the sandy soil near the sea, are gathered in 

august & after removal of the membrane outer scales & the central portion, the fleshy 

scales are cut into transient pieces & dried. India is now the major producer of squill.  

   

Images of white squill 

Constituents:  The principle glycoside is scillaren A which on hydrolysis it yield 

the aglycone scillarenin & rhamnose & glucose. 
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Uses: as an expectorant but it also possesses emetic, cardio tonic & diuretic properties. 

The usual dose is 100mg . 

Red squill consists of the bulb or bulb scales of the red variety of Urginea maritime, 

which is mostly used as rat poison. It should not be present in the medicinal squill & 

may be detected by the presence of the red, pink or purple epidermal or parenchymal 

tissue                                                 

                                                  

                                                 Image of red squill 

 

4. Oleander: 

Is the dried leaves of Nerium oleander F: Apocyanaceae. It has been used to treat 

cardiac insufficiency. The main constituent is oleandrin, which is a 3-glycoside of 16-

acetyl derivative of gitoxigenin. 

             

Images of Nerium oleander 
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Structure of oleandrin 

Along with neandrin it is primarily responsible for the toxicity of the sap of oleander. 

Oleandrin has been used for many years in China and Russia for its properties as a 

cardiac glycoside, for both suicidal and therapeutic purposes as in treatment 

of cardiac insufficiency.Symptoms of oleandrin poisoning can cause both 

gastrointestinal and cardiac effects. The gastrointestinal effects can consist of nausea, 

abdominal pain, and vomiting, as well as higher salivation and diarrhea (which may 

contain blood). After these first symptoms,the heart may be affected 

by tachyarrhythmia, bradyarrhythmia, premature ventricular contractions, 

oratrioventricular blockage. Also, xanthopsia (yellow vision), a burning sensation of 

the mucous membranes of the eyes, and gastrointestinal tract and respiratory 

paralysis can occur. Reactions to poisonings from this plant can also affect the central 

nervous system. These symptoms can include drowsiness, tremors, or shaking of the 

muscles, seizures, collapse, and even coma that can lead to death. Oleander sap can 

cause skin irritations, severe eye inflammation and irritation, and allergy reactions 

characterized by dermatitis when administered topically.  

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Cardiac_insufficiency
http://en.wikipedia.org/wiki/Tachyarrhythmia
http://en.wikipedia.org/wiki/Bradyarrhythmia
http://en.wikipedia.org/wiki/Premature_ventricular_contractions
http://en.wikipedia.org/wiki/Atrioventricular_block
http://en.wikipedia.org/wiki/Xanthopsia
http://en.wikipedia.org/wiki/Mucous_membranes
http://en.wikipedia.org/wiki/Tremors
http://en.wikipedia.org/wiki/Dermatitis
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Treatment 

Onset of symptoms may vary with the way of intake. Teas made of leaves 

or root of N. oleander give rise to a more acute onset, while eating raw 

leaves causes a slower onset of symptoms. Management of oleandrin 

poisoning is done in the following steps:  

1. Resuscitate the patient as necessary 

2. Take pulse, blood pressure, and oxygen saturation. Place on a 

cardiac monitor and take a 12-lead ECG. Insert IV cannula and 

give fluids IV 

3. Treatmarked hypotension (systolic<70 mmHg) or bradycardia (<40 

bpm) with bolus dose of atropine (2–3 mg). Otherwise give small 

bolus of atropine (0.3-0.6 mg) or and infusion (0.6 mg/h) to keep 

heart rate around 70-80 bpm 

4. Consider the administration of a single dose of activated 

charcoal to bind any oleandrin left in the gastrointestinal tract. 

5. Measureserum electrolytes and magnesium. 

Treat hypokalemia and hypomagnesemia until both concentrations 

are back in high-normal range 

6. AV node and/or severe sinus node block, ventricular tachycardia, 

and serum potassium >5.5 are indications for anti-digoxin Fab, if 

available. The best regimen is currently unclear. Consider giving 

400 mg over 20 minutes followed by 400–800 mg over 4–8 hours 

by infusion. 

7. In the absence of anti-digoxin Fab: 

1. Give insulin/dextrose for potassium >5,5. Do not give 

calcium. 

2. Consider treating severe bradycardia due to AV block with 
temporary pacing 

3. Treat ventricular fibrillation with low-energy direct current 

cardioversion. 

Previously forced vomiting or performing gastric lavage was part of the 

treatment of poisoning, but is no longer recommended.
[12]

 There is a lack 

of evidence that weighs efficacy versus harm.
[13]

 Activated charcoal is 

still used, since it binds toxins in the gastrointestinal tract to reduce 

absorption. It is uncertain whether repeated administration of activated 

charcoal is effective, in theory interrupting enterohepatic cycling. This 

treatment is used for digoxin poisoning, another cardiac 

glycoside. Supportive care like monitoring vitals and electrolyte and fluid 

http://en.wikipedia.org/wiki/Cardiopulmonary_resuscitation
http://en.wikipedia.org/wiki/Oxygen_saturation
http://en.wikipedia.org/wiki/Hypotension
http://en.wikipedia.org/wiki/Bradycardia
http://en.wikipedia.org/wiki/Atropine
http://en.wikipedia.org/wiki/Activated_charcoal
http://en.wikipedia.org/wiki/Activated_charcoal
http://en.wikipedia.org/wiki/Human_gastrointestinal_tract
http://en.wikipedia.org/wiki/Electrolyte
http://en.wikipedia.org/wiki/Hypokalemia
http://en.wikipedia.org/wiki/Hypomagnesemia
http://en.wikipedia.org/wiki/AV_node
http://en.wikipedia.org/wiki/Sinus_node
http://en.wikipedia.org/wiki/Ventricular_tachycardia
http://en.wikipedia.org/wiki/Digoxin_Immune_Fab
http://en.wikipedia.org/wiki/Ventricular_fibrillation
http://en.wikipedia.org/wiki/Direct_current_cardioversion
http://en.wikipedia.org/wiki/Direct_current_cardioversion
http://en.wikipedia.org/wiki/Gastric_lavage
http://en.wikipedia.org/wiki/Oleandrin#cite_note-pp1-12
http://en.wikipedia.org/wiki/Oleandrin#cite_note-pp2-13
http://en.wikipedia.org/wiki/Enterohepatic_circulation
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balance is important. Patients may present hypovolemic due to vomiting 

and diarrhea, but severely elevated potassium can also occur.  

Anti-cancer therapy 

Oleandrin is a promising agent for anti-cancer treatment. Studies show 

potential in vitro effect for cancers of the colon, non-small cell lung 

cancer, leukemia, pancreas, melanoma  and prostate.  It may work as a 

cytotoxic agent, generating reactive oxygen species orinducing apoptosis, 

but has also shown to be synergistic with current chemotherapy.  

 

http://en.wikipedia.org/wiki/Colon_(anatomy)
http://en.wikipedia.org/wiki/Non-small_cell_lung_cancer
http://en.wikipedia.org/wiki/Non-small_cell_lung_cancer
http://en.wikipedia.org/wiki/Leukemia
http://en.wikipedia.org/wiki/Pancreas
http://en.wikipedia.org/wiki/Melanoma
http://en.wikipedia.org/wiki/Prostate
http://en.wikipedia.org/wiki/Reactive_oxygen_species
http://en.wikipedia.org/wiki/Apoptosis
http://en.wikipedia.org/wiki/Synergistic#Drug_synergy

