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ABSRTACT 

Cardiac glycosides are a vast class of secondary chemicals found in nature from several sources and have a variety of applications. They also have a similar chemical structure. The present review aims to provide an updated review of cardiac glycosides isolated from African  medicinal plants as promising therapeutics. The literature review used several internet resources, including Google, Google Scholar, PubMed, Medline, Research Gate, Web  of  Sciences,  ScienceDirect,  and  SciFinder  using  the  search  terms  "cardiac  glycosides,"  "African  medicinal  plants,"  "natural  products," 

"pharmacology,"  "isolated  compounds,"  and  "bioactivity".  Cardiac  glycosides  are  particularly  prevalent  in  the  families   Apocynaceae   and  

 Asclepiadaceae.  Several  cardiac  glycosides  with  known  pharmacological  properties,  including  cytotoxicity,  antiviral,  enzyme-inhibitory,  anti-inflammatory,  and  neurotoxic  properties,  have  been  identified  from  African  medicinal  plants.  Despite the  numerous  pharmacological  activities of cardiac glycosides, the toxic side effects of several of these drugs may severely limit their therapeutic usage in humans. It was discovered that there was limited information on the isolation and characterisation of cardiac glycosides from plants in West Africa and the rest of the world while evaluating the literature on the pharmacological actions of cardiac glycosides. The lack of data on this molecule might result in knowledge extinction and prevent biological experiments on the secondary metabolite. Future studies should concentrate on the plants that have not yet been investigated to possibly isolate new cardiac glycosides and other kinds of chemicals. So, numerous biological functions may be tested on isolated molecules. 
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Introduction  

This group of compounds are natural steroids which are mainly found in plants such as foxgloves ( Digitalis sp. ) 7-8 or oleanders ( Nerium sp.).9 

Secondary  metabolites  from  plants  are  extremely  useful  in They are also found in animals, e.g., in the skin of toads.10,11 

terms  of  the  economy.  These  valuable  chemicals  are  used  in  flavors, Cardiac glycosides (CGs) are naturally occurring compounds that have fragrances,  medications,  dyes,  insecticides  etc.  Several  secondary historically been used to treat heart conditions.12,13 More recently, novel metabolites present  in  plants,  including  flavonoids,  alkaloids, cardiac therapeutic applications have been suggested.14 Cardiac glycosides are glycosides,  terpenoids,  and  tannins,  have  been  reported  to  have a large category of secondary compounds with a wide range of uses and numerous  pharmacological  effects.1,2  Plants  have  virtually  limitless a similar chemical structure found in nature from more than different capacity to create aromatic chemicals, the bulk of which are phenols or sources. All cardiac glycosides contain a steroid ring connected to an their  oxygen-substituted  derivatives.  Terpenoids  are  classified  as unsaturated lactone ring in position 17, and many of them are related to secondary  chemicals  and  are  produced  from  the  isopentenyl a  sugar  moiety  in  position  3  as  well.15,16  This  review  on  cardiac diphosphate  (IPP),  a  molecule  with  five  carbons.3  There  are  around glycosides isolated from the African region will help broaden the scope 12,000 recognized alkaloids in total, and all of them include a nitrogen of the importance of this secondary metabolite. It will also encourage atom or several that are produced by biosynthesis from amino acids.4 A further  research  into  their  isolation  with  great  pharmacological vast  class  of  molecules  found  throughout  nature,  cardiac  glycosides activities, leading to drug discovery and development in Africa. 

(CGs)  are  produced  by  37  different  plant  and  amphibian  species.5 

 

Cardiac  glycosides  are  made  up  of  a  sugar  moiety, a  lactone  ring containing five or six carbons, and a steroid 40 ring, which is extremely Methodology 

similar.6 

 Article search and selection 

This review was aimed at providing detailed information about cardiac The  search  terms  "cardiac  glycosides,"  "African  medicinal  plants," 

glycosides  isolated  from  African  medicinal  plants  and  their  various 

"natural  products,"  "pharmacology,"  "isolated  compounds,"  and pharmacological activities. These plants could be further explored for 

"bioactivity" were used to search for the literature for this review paper drug discovery from natural sources. 

in  several  electronic  sources,  including  PubMed,  Google,  Google Scholar, Medline, Research Gate, Web of Sciences, ScienceDirect, and 

*Corresponding author. E mail: akinwumi.idayat@lcu.edu.ng;  

doyetoro@yahoo.com 

SciFinder.  The  publications  obtained  were  between  1965-2024.  On Tel: +2348034864331 

April 4, 2024, these sources were last accessed. The search terms were used  singly  or  in  various  combinations  to  obtain  the  most  material Citation: Akinwumi IA and Ambali OA. Cardiac Glycosides from African feasible. The outcomes were carefully evaluated to make sure they met Medicinal Plants as Promising Therapeutics. Trop J Phytochem Pharm. Sci. 

the criteria for inclusion. The publications, for example, must be written 2024; 3(2):158-167. http://www.doi.org/10.26538/tjpps/v3i2.1 

in English and focus on topics like the nomenclature and classification of cardiac glycosides, the distribution of cardiac glycosides in the plant Official Journal of Natural Product Research Group, Faculty of Pharmacy, kingdom, medicinal plants in Africa, and pharmacological activities of University of Benin, Benin City, Nigeria. 

cardiac glycosides from African medicinal plants. Articles not provided in  English  are  restricted  from  inclusion.  The  references  to  the  papers 158 
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and   Asclepiadaceae  families  (which  are  now  included  in  the 

 

 Apocynaceae).25  Plant  families   Apocynaceae  and   Asclepiadaceae which  are  unique  for  Cardiac  glycosides  synthesis  are  the  most Results and Discussion 

prevalent Cardiac glycoside from African Medicinal Plants. 

 Classification and nomenclature of Cardiac Glycosides It  may  also  be  found  in  the  plant  families   Euphorbiaceae,    Tiliaceae,   

Cardiac  glycosides  are  glycosides  of  triterpene  compounds,  whose Ranunculaceae,   

 Moraceae,   

 Leguminosae, 

 Scrophulariaceae,   

aglycones  are  derived  from  cyclopentanoperhydrophenanthrene  and Cruciferae,    Sterculiaceae,  and   Liliaceae.  The  medicinal  plants  and which  have  a  particular  impact  on  the  heart  muscle due  to  their 

plant families that produce Cardenolides are shown in Table 2. 

unsaturated lactone ring at the C-17 position.17 There are two forms of Bufadienolides are compounds found in plants from the  Crassulaceae,   

molecules in this category, depending on the structure of the unsaturated Iridaceae,   

 Hyacinthaceae 

 (Syn. 

 Liliaceae), 

 Santalaceae, 

lactone ring of the aglycone (Figure 1). Cardenolides have a lactone ring Melianthaceae,  and   Ranunculaceae  families.26  They  are known  to  be with  five  members,  while  bufadienolides  have  a  ring  with  six produced by the  Hyacinthaceae genera  Urginea and  Bowiea.   Urginea members.18 

 maritima  (L.)  Baker  ( Hyacinthaceae),  often  known  as  the  squill,  has All  cardiac  glycosides  have  an  unsaturated  lactone  ring  bonded  to  a produced several bufadienolide chemicals.27 It is significant to note that steroid ring in position 17, and many of them also have a sugar moiety the  powerful  digitalis-like  effects of  the  six  species  that  make  up  the attached  to  them  in  position  3  in  addition  to  the  common  sugars genus   Urginea  have  been  used  in  medicine  for  a  long  time. 

(glucose, rhamnose)19,20 (Figure 2). 

Bufadienolides come from a variety of animal sources, including Buffo Cardenolides and bufadienolides have the same solubility and foaming (toads), Rhabdophis (snakes), and Photinus (fireflies).28  The chemical properties as steroid saponins and share a similar structural similarity.21 

structures  of  isolated  cardiac  glycosides  from  African  medicinal Their skeleton has some peculiar sugar and a 14-hydroxy group, which plants are shown in Figure 3. 

set them apart from other steroid glycosides. 

  

Digoxin,  ouabain,  oleandrin,  and  bufalin  are  the  primary  cardiac Chemical test for Cardiac Glycosides 

glycosides.22 Table 1 displays the chemical formula, molecular weights, Cardiac glycosides exhibit color changes when combined with certain and sugar residues. 

chemicals. Spray reagents can be applied on TLC which can be for both 

  

qualitative and quantitative applications.  Antimony trichloride is used Distribution of Cardiac Glycosides in the Plant Kingdom to test for both the cardenolides and the bufadienolides. When heated Small amounts of cardiac glycosides can be found in the bark, leaves, with  antimony  trichloride  and  trichloracetic  acid,  many  of  these seeds, roots, and stems of many plants.23 In the past, people from South glycosides  change  color  to  blue  or  violet.  Legal  test,  Raymond  test, America, Asia, and Africa used a variety of plants that grow in tropical kedde reagent, and Tollens test are used to test for the aglycone moiety areas to make arrow poisons.24 The Cardenolides seem to be exclusive while keller-kiliani test and xanthydrol test are used to test for sugars.29 
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Figure 1: Structures of Aglycone Cardenolides and Bufadienolides of Cardiac glycosides 
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3. D-digitalose                 4. D-digitoxose Figure 2 Structures of some of the sugars present in cardiac glycoside compounds 

  

Table  1:  Main  cardiac  glycosides  with  their  chemical  formula,  molecular  weights,  and sugar residues S/N 

Cardiac glycosides 

Chemical formula  Molecular weight (g/mol) 

Sugar moiety 

1 

Digoxin 

C41H64O14 

780.949 

Hexopyranosyl  polysaccharides 

2 

Ouabain 

C29H44O12 

584.659 

Mannopyranosyl  monosaccharide 

3 

Oleandrin 

C32H48O9 

576.727 

Hexopyranosyl  monosaccharide 









and acetoxyl 

4 

Bufalin 

C24H34O4 

386.532 

Absent 
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cardiac  glycosides  comprise: 

first  cardiac  glycoside  examined  in  an  anticancer  clinical  study  and Gravimetric,  Colorimetric,  Fluorimetric,  RP-HPLC  with  UV  or showed substantial anticancer action against a variety of malignancies fluorometric detector, biological methods by determining the LD50, and with  few  side  effects.45-47  Cardiac  glycosides  isolated  from   Thevetia Immunoassay. 

 peruviana (Pers.) K. Schum. (Family   Apocynaceae) were assayed for 

  

their  cytotoxic  potentials  employing  three  distinct  cancer  cell  lines Medicinal plants in Africa 

namely  human  gastric  (MGC-803),  pancreatic  (SW1990),  and  lung From  the  food  business  to  the  fragrance  and  cosmetics  sector  to (P15) cancer and normal hepatocyte (LO2) cell lines. The compounds different medical and pharmaceutical procedures, medicinal plants play showed inhibition with IC50 values ranging from 0.02- 0.53, 0.01- 0.59, an  admirable  and  essential  function  in  a  range  of  scientific  areas.30 

and 0.02- 0.37 µM against  MGC-803, P15, and  SW1990 cancer  cells Medicinal plants play a significant role in many scientific domains and respectively.48,49  Peruvoside,  a  cardiac  glycoside  from   Thevetia are crucial to human survival.31,32 Previous research has indicated that neriifolia  Juss. ex A. Dc. (Family  Apocynaceae) was reported to induce plant  materials  include  several useful  natural  chemicals,  including selective  inhibition  of  cell  growth in  androgen-sensitive  and  resistant alkaloids, flavonoids, coumarins, and iridoids.33,34 

prostate tumors by induction of apoptosis at 50nM as compared to other The  ancient  practice  of  using  medicinal  herbs,  often  known  as cardiac glycosides tested in the study.50  Feng  et al. 51 study showed the traditional medicine (TM), is one of the most significant components of leukemic  cell  cycle  arrest  at  the  G2/M  phase  by  peruvoside,  thereby African culture. One of the oldest and most distinctive systems in the acting as an anti-blood cancer agent in  the human primitive AML KG1a world is African TM.35,36 Africa is endowed with an abundance of plant cells with a significant IC50  of 26 and 31 nM at 24 and 48 h respectively. 

resources,  with  an  estimated  40–45,000  species,  5,000  of  which  are The   in  vitro   MTT  colorimetric  assay  using  several  cancer  cell  lines utilized medicinally.19 Due to the existing climatic circumstances, the showed  that  hellebrigenin  has  a  significant  growth  inhibitory African  continent  is  marvelously  endowed  with  a  wide  variety  of concentration  of  10  nM,  against  U373  GBM  cells.52  The plants.37,38  This  benefit  has  encouraged  the  abundance  of  secondary morphological  analysis   via   the  computer-assisted  phase-contrast metabolites  in  the  plants,  which  have  helped  them  survive  in  hard microscopy of the cell line during the 72 h treatment with hellebrigenin environments.39,40 African medicinal plants have given rise to several showed cell shrinkage, blebbing of the cell membrane, pyknotic bodies’ 

patents,  and  formulations  (tinctures,  teas,  and  infusions)  made  from formation  as  a  result  of  the  condensed  chromatin  as  described  in  a them are used in rich and developing countries alike.41 To expand the previous study.53 

range  of  pharmacological  products  available  for  human  use,  it  is Convallarin,  a  crystalline  compound,  isolated  from  the  bulb  of imperative  to  search  for  novel  pharmaceuticals  derived  from  natural Ornithogalum  umbellatum   displayed  a  cytotoxic  potential  against sources.42 

Eagle’s KB stain of epidemoid carcinoma with an ID50 of 0.002 y/mL.54 

  

Both the colorectal cancer cell lines SW480 and HCT116 were resistant Pharmacological  activities  of  cardiac  glycosides  from  African to  the  anti-cancer  effects  of  helveticoside  using  a  cell  viability medicinal plants 

assessment  via Trypan blue exclusion and 3-(4,5-dimethylthiazol-2-yl)-

The  pharmacological  activities  of  cardiac  glycoside  from  African 2,5-diphenyltetrazolium 

bromide 

(MTT) 

assays 

through 

a 

medicinal plants are summarized in Table 3. These include cytotoxicity, concentration  and  time-dependent  cytotoxicity.  Furthermore,  the anti-viral, 

enzyme-inhibitory 

activity, 

anti-inflammatory, 

and 

mechanism of action of the compound was evaluated by flow cytometry neurotoxic activities. 

and membrane potential which led to the conclusion about helveticoside 

  

activity against the cancer cells through apoptosis.55 

 Cytotoxic  Activity  of  cardiac  glycosides  Identified  in  African In  a  recent  study  by  Ambali   et  al.  33,  helveticoside  isolated  from   S. 

 Medicinal Plants 

 hispidus   DC  exhibited  significant  cytotoxic  activity  against  breast Continuous  cell  proliferation  that  results  in  tumor  formation  and  fast carcinoma  cells,  AU565  (CC50=  11.42  ±  0.60  µM).56  This  was  in growth are characteristics of cancer progression.43 Cancer cells do not relation to helveticoside isolated from   Descurainia sophia  (L.) Webb require external stimulators such as growth factors for their growth and ex  Prant  ( Brassicaceae), showing  activity  against  human  lung  cancer division, in contrast to normal cells.43 Cardiac glycosides (CG) are now cell, A549.57 

the  most  varied  naturally  occurring  substances  that  are  highly To investigate the cytotoxic potential of strophanthidin, human cancer recommended for the treatment of several cancers.43 The proliferation cells  from  the  breast  (MCF-7),  lung  (A549), and  liver  (HepG2)  were of  several  types  of  cancer  cells  has  been  repeatedly  shown  to  be used.58 As evidenced by drug-induced DNA damage, the results show inhibited by cardiac glycosides in recent years. Even clinical trials for that strophanthidin was cytotoxic to MCF-7, A549, and HepG2 cells in the treatment  of cancer have begun using some cardiac glycosides or a dose-dependent manner.44  

their derivatives.15,44 Anvirzel, a water extract from oleander, was the Table 2: Medicinal plants that produce Cardenolides Plant Family 

Genera 

 Apocynaceae 

 Nerium, Strophanthus, Apocynum, Adenium, Acokanthera, Carbera, Thevetia Asclepiadaceae 

 Asclepias, Calotropis, Gomphocarpus, Pachycarpus, Xysmalobium Celastraceae   

 Euonymus,  Lophopetalum 

 Cruciferae 

 Erysimum, Cheiranthus 

 Leguminosae 

 Coronilla 

 Moraceae 

 Antiaris, Antiaropsis,  Castilla,  Maquira,  Naucleopsis Scrophulariaceae 

 Digitalis,  Isoplexis 

 Sterculiaceae 

 Mansonia 

 Tiliaceae 

 Corchorus 
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Figure 3: Chemical structures of selected cardiac glycosides 162 
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Compound  name 

Pharmacological/ Toxicological activities 

References 

 Thevetia peruviana (Pers.) K. Schum. 

19-nor-neriifolin 

Cytotoxicity 

[49] 

Apocynaceae 

19-nor-10-hydroxydigitoxigenin  3-O-α-L-thevetoside Cannogenol  3-O-β-D-glucosyl-(1→4)-α-L-Thevetoside 

Cannogenin 3-O-β-D-glucosyl- (1→4)-2′-O-acetyl-α -L-thevetoside Digitoxigenin  β-D-glucosyl-(l→4)-α-Lthevetoside Neriifolin 

Thevefoline 

Ruvoside 

Peruvoside 

Thevetin B 

----- 

[69] 

Thevetin A 

Acetylthevetin  B 

Acetylthevetin A 

Thevetin C 

Acethylthevetin  C 

 Thevetia neriifolia  Juss. ex A. Dc. 

Peruvoside 

Cytotoxicity (Anti-leukaemia) activity 

[51] 

Apocynaceae 



Cognitive  function 

[64] 



Anti-viral activity 

[62] 

 Digitalis lanata  Ehrh. Plantaginaceae 

Digoxin 

NA+// K+ ATPase inhibitory activity 

[65, 66] 



Digitoxigenin 



Digitoxin 

 Tylecodon wallichii 

Cotyledoside 

Toxic. Causes tremor 



(Harv.) Toelken 

Crassulaceae 

 Kalanchoe  gracilis (L.) DC 

Bryophyllin  B 

Anti-viral activity 

[63] 

Crassulaceae 



lanceotoxin B 

Neurotoxic , 

[70] 

 Nerium oleander  L. 

Oleandrin , Oleander 

Cytotoxic, Anti-inflammatory 



Apocynaceae 



[67] 

Cardenolide  N-1 

Anti-inflammatory 

[71] 

Cardenolide  N-2 

Cardenolide  N-3 

[68] 

Cardenolide  N-4, 



3β,14-dihydroxy-5β,14β-card-20(22)-enolide 



3β-O-(β‚-D-diginosyl)-14- 



hydroxy-5β,14β-card-20(22)-enolide 
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 Securigera securidaca (L.) Degen&Dorfl. Securidaside 

----- 

[72] 

Fabaceae 

 Convallaria  majalis  L. Lliliaceae 

Convallerin, Convallamarin 

Cardiotoxic 



 Ornithogalum 

 umbellatum 

L. Convallatoxin 

Cytotoxicity 

[54] 

Asparagaceae  

 Erysimum 

 cheirranthoides 

L. Helveticoside 

Cytotoxicity 

[55-57] 

Brassicaceae 

 Descurainia sophia (L.) Webb ex Prant 

Brassicaceae, 

 Strophanthus hispidus 

DC. Apocynaceae 

 Strophanthus hispidus  DC. 

Strophanthin 

Cardiotoxic 





Ouabain 
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activity  of compounds isolated from   Nerium oleander. ICAM-1 is an Strophanthidin  also  inhibited  the  expression  of  multiple  critical endothelial  and  leukocyte-associated  transmembrane  protein  that aids proteins, including mitogen-activated protein kinase (MEK1/ MAPK), leukocyte  migration  through  endothelial  cells  by  stabilizing  cell-cell Phosphoinositide 3-kinase (PI3K), protein kinase B (AKT), mammalian contacts. 

Cardenolide-  N1  and  3β-O-(β‚-D-diginosyl)-14-hydroxy-Target of Rapamycin (mTOR), glycogen synthase kinase 3 (GSK3), and 5β,14β-card-20(22)-enolide  demonstrated  considerable  activity  when 

-catenin, through MAPK, PI3K/AKT/mTOR, and Wnt/β-catenin. The IL-1  and  TNF  were  present,  with  A549  cells,  as  a  model  for  human outcome clearly shows how strophanthidin influences the expression of endothelial cells.68 

several  critical  proteins  involved  in  cell  cycle  arrest,  apoptosis,  and autophagic cell death.58 

Conclusion  

To  destroy  cancer  cells,  cardiac  glycosides  may  work  in  conjunction with  anticancer  medications.  The  identification  of  new  anticancer Cardiac glycosides are a huge class of secondary compounds produced candidates with potential action against both drug-sensitive and drug-by  several  natural  processes  and  have  a  wide  range  of  uses. 

resistant malignancies might thus be aided using cardiac glycosides as Additionally,  they  share  a  chemical  structure.  Cardenolides  and effective scaffolds.59,60 

Bufadienolides are two different types of compounds found in cardiac Recent data indicates that cardiac glycosides (CGs), as a result of efforts glycosides, depending on how the aglycone's unsaturated lactone ring to discover novel therapeutic properties with desirable medicinal uses, is arranged. Several medicinal plants in Africa are used to cure a variety may also be able to induce a broad spectrum of immunogenic cell death of illnesses. Several cardiac glycoside metabolites have been previously (ICD), a functionally unique type of apoptosis that initiates the proper isolated  from  these  plants  with  promising  pharmacological  activities immune responses.61 

such  as  anti-viral,  enzyme-inhibitory  activity,  anti-inflammatory, 

  

neurotoxic,  cytotoxicity,  and  markers  against  coronary  heart  diseases Antiviral  Activity  of  Cardiac  Glycosides  Identified  in  African which are considered non-communicable diseases. It is pertinent to note Medicinal Plants 

that the plant families   Apocynaceae   and  Asclepiadaceae are the most Pharmacological  potentials  of  cardiac  glycoside;  peruvoside  was abundant in Cardiac glycosides. 

assayed  against  enterovirus  and  ribonucleic  acid  virus  which  are Despite  the  beneficial  pharmacological  activities  of  this  class  of associated  with  several  mammalian  diseases  such  as  poliomyelitis, secondary  metabolites,  toxicity  has  been  reported  in  some  of  these meningitis, and encephalitis.  Enterovirus A (EV-A71), belonging to the compounds.  Some  of  these  chemicals'  hazardous  side  effects  might picornaviridae family served as a model for unraveling the mechanism significantly  restrict their therapeutic  use  in  humans.  Future  research of action of peruvoside in the management of some viral diseases such into  how  these  cardiac  glycosides'  chemical  structures  might  be as  the  SARS-CoV-2.  It  was  reported  that  viral  RNA  replication  was altered  to  lessen  their  toxicity  and  improve  their  structural  activity inhibited  by  the  cardiac  glycoside,  peruvoside  thereby  causing  a correlations may be worthwhile. 

reduction  in  the  synthesis of  viral  protein  thus  leading  to  little  or no While  reviewing  articles  on  the  pharmacological  activities  of  cardiac disease occurrences.62 

glycosides,  the  authors  observed  there  was  little  data  on  the  isolation The  anti-viral  activities  of  bufadienolides  isolated  from   Kalanchoe and characterization of cardiac glycosides from plants in West Africa gracilis (L.) DC ( Crassulaceae)  showed  that  bryophyllin B prevented and  the  world  at  large.  The  insufficient  data  availability  on  this the  Human  Immunodeficiency  Virus  from  replicating  with  an  ED

metabolite  could  lead  to  the  extinction  of  knowledge  thereby  not 50 

value of less than 0.25 μg/mL.63 

allowing biological assays on the secondary metabolite. Future research 

  

activities  should  therefore  focus  on  the  plants  yet  to  be  explored  to possibly  isolate  more  cardiac  glycosides  and  other  classes  of Enzyme inhibitory activity of Cardiac glycosides Identified in African compounds.  The  isolated  compounds  can  therefore  be  screened  for Medicinal Plants 

various biological activities. 

Oral administration of peruvoside  appeared to control cognitive heart 

 

failure in myocardial disease patients by having a substantial beneficial inotropic impact. At the onset of treatment with peruvoside, 2.4 mg was Conflict of Interest  

found  to  be  an  effective  dose  in  the  management  and  then  with  a The authors declare no conflict of interest. 

subsequent  dose  of  0.6  mg  for  maintenance  during  a  period  of  15 



weeks.64 

Studies  have  shown  the  action  of  digitoxin  and  ouabain  in  inhibiting Authors’ Declaration 

sodium-potassium  pump  (Na+  K+  ATPase).  When  cardiac  glycosides attach to specific subunits, ATP binding is inhibited, which interferes The  authors  hereby  declare  that  the  work  presented  in  this  article  is with the enzyme's capacity to carry out this exchange effectively. As a original and that any liability for claims relating to the content of this result, cells are better able to absorb calcium, which in the case of failing article will be borne by them. 

cardiac  myofibrils  aids  in  producing  a  more  effective  myocardial contraction  and  enhances  cardiac  pump  performance.65  Ouabain,  a References 
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