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                           Scientifi c Name 

  Erythrina variegata   L.   

    Synonyms 

  Chirocalyx candolleanus  Walp.,  Chirocalyx 
divaricatus  (DC.) Walp.,  Chirocalyx indicus  
(Lam.) Walp.,  Chirocalyx pictus  (L.) Walp., 
 Corallodendron divaricatum  (Moc. & Sessé ex 
DC.) Kuntze,  Corallodendron orientale  (L.) 
Kuntze,  Corallodendron spathaceum  (DC.) 
Kuntze,  Erythrina alba  Cogniaux & Marchal, 
 Erythrina boninensis  Tuyama,  Erythrina carnea  
Blanco nom. illeg.,  Erythrina corallodendron  
Linn.,  Erythrina corallodendron  var.  orientalis  
L.,  Erythrina corallodendrum     Lour.,  Erythrina 
divaricata  DC. nom. illeg.,  Erythrina humeana  
sensu R.Vig.,  Erythrina indica  Lam.,  Erythrina 
indica  var.  alba  W. S. Millard & E. Blatter, 
 Erythrina indica  var.  fastigiata  Guill.,  Erythrina 
lithosperma  Blume ex Miq.,  Erythrina lobulata  
Miq.  Erythrina loureiri  G. Don,  Erythrina mar-
morata  Veitch ex Planch.,  Erythrina mysorensis  
Gamble,  Erythrina orientalis  (L.) Murr., 
 Erythrina parcellii  W. Bull,  Erythrina phlebo-
carpa  F.M. Bail.,  Erythrina picta  L.,  Erythrina 
rostrata  Ridl.,  Erythrina spathacea  DC., 
 Erythrina variegata  f.  alba  Maheshw.,  Erythrina 
variegata  f.  marmorata  Maheshw.,  Erythrina 
variegata  f.  mysorensis  Maheshw.,  Erythrina 
variegata  f.  orientalis  Maheshw.,  Erythrina var-
iegata  f.  parcellii  Maheshw.,  Erythrina variegata  

f.  picta  (L.) Maheshw.,  Erythrina variegata  var. 
 orientalis  (L.) Merr.,  Gelala alba  Rumphius, 
 Gelala litorea  Rumph.,  Tetradapa javanorum  
Osbeck  

    Family 

 Fabaceae, also placed in Papilionaceae  

    Common/English Names 

 Coral Tree, East Indian Coral Tree, East Indies 
Coral Tree, Indian Bean Tree, Indian Coral Bean, 
Indian Coral Tree, Lenten Tree, Mochi Wood 
Tree, Tiger’s Claw  

    Vernacular Names 

     Bangladesh : Mandar  
   Burmese : Penglay-Kathit  
   Chinese : Hai Tong Pi, Hoi Tong Peh  
   Chuukese : Paar, Weeku  
   Cook Islands : Gatae  
   Fiji : Drala, Drala Dina, Rara, Rara Damu, 

Rarawai, Segar  
   French : Arbreau Corail, Arbre Corail À Feuilles 

Panachées, Arbre Corail De L’inde, Arbre 
Immortel, Bois Immortel, Bois Immortel Vrai, 
Pignon D’inde  

   German : Indischer Korallenbaum  
   Hawaiian : Wiliwili-Haole  
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   India : Madaar, Modar, Ranga ( Assamese ), Deo, 
Deuya, Kanda Mathar, Maadaara, Madar, 
Mandaara, Palte Madar, Tepalte Madar 
( Bengali ), Paanarvo ( Gujerati ), Dadap 
Pharhad, Dhobi-Palas, Jangli-Sem, Mahamed, 
Mandara, Palas, Pangara, Pangra, Panjira, 
Paribhadra, Parijat, Phārahaḍa, Raktamadar 
( Hindi ), Bilee Vaarjipe, Bili Vaarjipae, 
Bilivarijapa, Haalivaana, Haaravaana, Haaru 
Vaana, Hongara, Hongarike, Kempu Vaari 
Jaapa, Kempuvarijapa, Mandaara, Mullu 
Murige, Mullumurunji, Murige, Muruku, 
Paarijaathaka, Pongaara, Vaarjipe Mara, 
Warjipe. ( Kannada ), Pongero ( Konkani ), 
Mandaram, Mullumurikku, Mulmurikk, 
Mulmurukku, Murikk, Murikku, Paribhadram, 
Penmurikk ( Malayalam ), Korou Angangba 
( Manipuri ), Mandar, Paangaara, Pangara, 
Pangaru, Paringa, Phandra ( Marathi ), Fartuah 
( Mizo) , Salotonoya ( Oriya ), Bahupushpah, 
Kantakipalasa, Mahamedah, Mandar, 
Mandara, Mandarak, Mandaravah, Mandaruh, 
Mazndatah, Paribhadra, Páribhadrah, Parijata, 
Pravalashmantakah, Raktapuspa, Sushpah, 
Sutikatah, Vyagulikesarah, Vidrumah 
( Sanskrit ), Civappu-Moccai, Kaliyana, 
Kaliyana Murukku, Kaliyāṇa Murukkuvakai, 
Kaliyana Murunkai, Kannalamurukku, 
Kiñcukam, Muḷḷu-Murukku, Muṇmurukku 
Murukku, Murungu, Navir, Palacam, 
Paricatam, Savusayam, Veḷḷaikkavi ( Tamil ), 
Baadida Chettu, Baadidapu Chettu, Baadis 
Chettu, Baadisa, Baaditha, Baaditi, Baanditha 
Chettu, Baarjapu Chettu, Badida, 
Badidepuchettu, Baridamu, Mahaameda, 
Muchchekarra, Muchikatta, Paaribhadrakamu, 
Paaribhvyamu, Parijatamu, Rohinamu, 
Wngiram ( Telugu )  

   Indonesia : Dadap Ayam, Dadap Laut ( Javanese ), 
Belendung, Dadap Belendung ( Sundanese ), 
Thethek  (Madurese )  

   Japanese : Deigo, Deiko, Kaitohi  
   Khmer : Roluőhs Ba:Y  
   Korean : Haedongp’i  
   Laotian : Do:K Kho, Th’o:Ng Ba:Nz  
   Malaysia : Dedap, Deap Batik, Cengkering  
   Marquesas : Natae, Netae  
   Nepalese : Mandar, Phalledo  

   Niue : Gate  
   Papua New Guinea : Ivini ( Hula, Central 

Province ), Ialawa ( Wagawaga, Milne Bay ), 
Balbal ( Raval, East New Britain ), Bubakai 
( Kokopo, East New Britain ), Lehelehe ( Lontis, 
Buka, North Solomons Province ), Valval 
( Lamekot, New Ireland ), Banban ( Ugana, 
New Ireland )  

   Philippines : Andorogat, Dapdap, Kabrab ( Bikol ), 
Dapdap ( Bisaya ), Sabang ( Bontok ), Vuvak 
( Ibanag ), Bagbag Dubdub ( Ilokano ), Dapdap, 
Sulbang ( Pampangan ), Dapdap, Karapdap, 
Kasindak ( Tagalog )  

   Pohnpei : Paripein  
   Russian : Eritrina Indijskaia, Eritrina PëStraya, 

Eritrina Raznoobraznaia  
   Samoan : Gatae  
   Sri Lanka : Era Badu, Era Mudu, Katu Eramadu, 

Mandar, Murunga ( Sinhalese)   
   Swedish : Indiskt Korallträd  
   Tahiti : ‘Atae  
   Thailand : Thong Baan, Thong Phuek ( Northern ), 

Thong Laang Laai ( Central ), Thong Lang 
Dang ( Bangkok )  

   Tibetan : Man D Ra Ba  
   Tongan : Ngatae  
   Vietnam : Hải Ðồng Bì, Lá Vông, Thích Ðồng Bì, 

Vông Nem  
   Yapese : Paar, Raar     

    Origin/Distribution 

 It is native to tropical Asia—from Taiwan and 
southern China through the Philippines, 
Indonesia, Malaysia, Thailand, Myanmar, 
India, islands in the Indian Ocean and all the 
way to tropical East Africa. Introduced and 
naturalized also in American and African tropical 
countries.  

    Agroecology 

 An adaptable species that grows in the humid 
tropics, subtropics and semiarid areas, occurring 
in zones with mean annual temperatures of 
20–32 °C and mean annual rainfall of 800–

Erythrina variegata



790

1,500 mm with 5–6 months of rainy periods. 
It occurs wild in deciduous forest from the 
coastal dunes and forests to an elevation of 
1,500 m. It thrives best in full sun on a deep, 
well-drained, sandy loam, but they tolerate a 
wide range of soil conditions from sands to clays 
of pH 4.5–8.0. The tree is drought tolerant, fairly 
fi re tolerant, and can tolerate brief periods of 
waterlogging.  

    Edible Plant Parts and Uses 

 Young and old leaves are eaten steamed or stewed 
as lalab with rice or mixed with other vegetables 
(Ochse and Bakhuizen van den Brink  1980  ). 
In Papua New Guinea, the leaves are eaten 
cooked (French  1986  ). The boiled fl owers and 
young leaves are edible, cooked like string beans 
but in more water (Deane 2002–2012). Seeds are 
consumed after roasting or boiling but are 
poisonous when eaten raw (Burkill  1966  ). 
In Vietnam, the leaves of  E. variegata  are used 
to wrap ‘nem’ (a kind of fermented pork).  

    Botany 

 An erect much branched, medium-sized, decidu-
ous tree up to 25 m high and a spread of 8–12 m. 
Stem smooth, greyish with large scattered coni-
cal prickles on the stem and branch. Leaves are 
alternate, trifoliate, 20–30 cm long, the terminal 
largest; leafl et-stalk glandular (Plates  1  and  2 ). 
Leafl ets are triangular to broadly rhomboid- 
ovate, with acuminate tips and obtuse bases, 
shining green. Infl orescence in dense axillary and 
terminal racemes appearing before the leaves 
(Plates  1  and  3 ); rachis tomentose; bracts small; 
fl owers bright red; calyx tubular, minutely 
5-toothed; corolla long, standard broad, ovate- 
elliptical, shortly clawed and 7–9 cm long, wings 
and keel subequal; stamens 10, connate basally, 
exserted; ovary multi-ovuled, style glabrous, 
incurved (Plates  3  and  4 ). Pods are black, cylin-
drical, long up to 38 cm, dehiscent and con-
stricted between the glossy, reddish brown 
reniform seeds. Each pod has 5–10 seeds.  

  Plate 1    Terminal infl orescence and leaves        

  Plate 2    Trifoliate leaves (Chung GF)        

  Plate 3    Terminal infl orescence (Chung GF)        
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    Nutritive/Medicinal Properties 

    Leaf Nutrients/Phytochemicals 

 Food nutrient value of fresh leaves per 100 g 
edible portion reported is moisture 78.1 g, energy 
69 kcal, protein 5.0 g, fat 0.7 g, carbohydrate 
10.6 g, fi bre 3.0 g, ash 2.6 g, Ca 639.1 mg, Fe 
4.1 mg and P 109 mg (National Institute of 
Nutrition-University of Central Florida Project 
 2001  –2004). 

 Erythaline and erythratine were isolated 
(Folkers and Koniuszy  1940  ). Leaves were 
reported to have a total alkaloidal content of 
0.11 % constituting alkaloids erysotrine, erysodine, 
erysovine, erythaline, erysopine, erysopitine, 
erysonine, erysodienone, orientaline, hypapho-
rine, hypaphorine methyl ester and also N,N-
dimethyltryptophan (Ghosal et al.  1970  ,  1972  ). 
From the leaves were isolated two alkaloids 
(erysothrine and hypaphorine) (Nguyen et al. 
 1991  ); two tetrahydroprotoberberine alkaloids 
(scoulerine and (+)-coreximine); a benzyltetra-
hydroisoquinoline alkaloid (L-reticuline); a 
dibenz[d, f]azonine alkaloid (erybidine); 
 O -methylerybidine and  N -norreticuline (Ito et al. 
 1973  ); scoulerine and coreximine (Ito  1999  ); 
10,11-dioxoerythratidine (Herlina et al.  2005  ); 
phytol (Herlina et al.  2006  ); isolate 11 character-
ized as a triterpene pentacyclic 3b-11a-28- 
trihydroxy-oleane-2-ene and isolate 17 as a 
mixture of β-sitosterol and stigmasterol 
(Herlina et al.  2008  ); pentacyclic triterpenoid 

(3,22,23-trihydroxy- oleane-12-ene); pentacyclic 
triterpenoid (3b,11a-28trihydroxy-oleane-12-ene); 
and 10,11-dioxoerythratidine (Supratman et al.2010). 
Kalachaveedu et al. ( 2011  ) extracted β-sitosterol 
(433 mg, 1.445 w/w), oleanolic acid (65 mg, 
0.217 % w/w) and β-sitosterol glycoside (108 mg, 
0.36 % w/w). 

 The leaf was found to contain a lectin with 
molecular weight of 58 kDa, made up of two sub-
unit molecular weights of 30 and 33 kDa (Konozy 
et al.  2002  ). The leaf lectin was found to be a gly-
coprotein with a neutral sugar content of 9.5 %. 
The leaf lectin was rich in acidic as well as hydro-
phobic amino acids and totally lacked cysteine and 
methionine. The N-terminal amino acids were 
Val-Glu-Thr-IIe-Ser-Phe-Ser-Phe-Ser-Glu-Phe- 
Glu-Ala-Gly-Asn-Asp-X-Leu-Thr-Gln-Glu-Gly-
Ala- Ala-Leu-.  

    Flower Phytochemicals 

 The alkaloid, erythratine, elucidated as 
11-hydroxyerysotrine, was isolated from the 
fl owers in Egypt (El-Olemy et al.  1978  ). The 
fl owers were found to contain 7-methoxy 
8-(15- OH pentadecyl)-coumarin; phaseollin; 
29- norcycloartenol; 3-β-acetoxy- β-norcholest-
5- ene; docosanoic and capric acid; fl avonoid 
abyssinone; prenylated isofl avonoids stigmoi-
dins A, B and C, besides isoquinoline alkaloids 
erythritol; and isoquinoline alkaloid isococco-
line, isofl avones alpinumisofl avone, erythrinin 
A,B and C, osajin and erythrabasin I (Sharma 
and Chawla  1992  ; Chawla and Sharma  1993  ). 
Two isoquinoline alkaloids designated erythro-
sotidienone and erythromotidienone plus stig-
masterol, cycloartenol and erysotramidine 
were isolated from the acetone fl ower extract 
(Sharma and Chawla  1998  ).  

    Seed Phytochemicals 

 Marañon and Santos    ( 1932  ) found an alkaloid, a 
fatty oil, and a saponaceous glucoside from the 
seeds. The alkaloid isolated had the properties 
identical with those of hypaphorine. From seeds 

  Plate 4    Close view of fl owers (Chung GF)        
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erythraline and ‘free’ and ‘liberated’ erysovine 
were isolated (Singh and Chawla  1970  ). The 
fatty acid composition of the seed oil was also 
determined. A prenylated fl avone glycoside 
5,7,4′-trihydroxy- 3′-methoxy-8-C-prenylfl avone 
7- O -β- d -glucopyranosyl-(1 → 3)-α-l-arabino-
pyranoside ( 1 ) was isolated from the seeds 
(Yadava and Reddy  1999  ). Nitrogen contents of 
 E. variegata  seeds and deoiled seeds showed good 
protein content; albumin, globulin, prolamine and 
glutelin were separated out by fractionation 
(Samanta and Laskar  2008  ). Fractionation of pro-
tein was done to separate albumin, globulin, pro-
lamine and glutelin. The total protein isolates 
(TPI) and the fractions isolated contained 17 
amino acids, most of which were essential. 

 A  d -galactose-binding glycoprotein lectin was 
purifi ed from the seeds (Datta and Basu  1981  ). A 
mitogenic  d -galactosephilic lectin was isolated 
from seeds (Gilboa-Garber and Mizrahi  1981  ). 
Kunitz-type trypsin inhibitors, ETIa and ETIb, 
and chymotrypsin inhibitor ECI were isolated 
from the seeds (Kouzuma et al.  1992  ). The pro-
teins ETIa and ETIb comprised 172 and 176 
amino acid residues with molecular weight 
19,242 and 19,783, respectively, and shared 112 
identical amino acid residues, about 65 % iden-
tity. A chymotrypsin inhibitor (ECI) isolated 
from seeds was found to have 179 amino acid 
residues with a pyroglutamic acid as the 
N-terminal residue and has a calculated molecu-
lar weight of 19,791 (Kimura et al.  1993  ). About 
60 % of the residues of ECI were identical to 
those of ETIa and ETIb and the reactive sites, 
Arg63, in ETIa and ETIb were changed to Leu64 
in ECI. A Bowman-Birk family proteinase inhib-
itor (EBI) isolated from the seeds was found to 
consist of 61 amino acid residues, the shortest 
among the Bowman-Birk family inhibitors 
sequenced to date, and with a molecular weight 
of 6,689 (Kimura et al.  1994  ). EBI could be clas-
sifi ed as a group II inhibitor, showing the best 
homology (67 %) to the Bowman-Birk protein-
ase inhibitor from soybeans.  Erythrina variegata  
chymotrypsin inhibitor (ECI) and chymotrypsin 
molecules were found to undergo aggregation in 
the complex-forming buffer simultaneously with 
a binary complex consisting of one ECI and one 

chymotrypsin molecule in a soluble form 
(Kimura et al.  1997  ). ECI comprised two pep-
tides; the N-terminal peptide, ECI-(1-107)-
peptide, containing the primary reactive site 
retained a slight inhibitory activity, while the 
C-terminal peptide, ECI-(108-179)-peptide, 
exhibited no inhibitory activity. It was demon-
strated that amino acid residues Gln62 (P3), 
Phe63 (P2), Leu64 (P1) and Phe67 (P3′) in the 
primary binding loop of  Erythrina variegata  chy-
motrypsin inhibitor (ECI), a member of the 
Kunitz inhibitor family, were involved in its 
strong inhibitory activity towards chymotrypsin 
(Iwanaga et al.  1998  ). It was further shown that 
the intramolecular interaction between the pri-
mary binding loop and the scaffold of ECI played 
an important role in the strong inhibitory activity 
towards chymotrypsin (Iwanaga et al.  1999  ). 

 The purifi ed seed isolectins (EVLI, EVLII and 
EVLIII) isolated from  E. variegata , were all spe-
cifi c for galactopyranosides and N-acetyl-
galactosamine, and their affi nities for simple 
sugars were EVLIII greater than EVLII greater 
than EVLI (Yamasaki    et al.  1992  ). EVLI and 
EVLIII were found to be homodimers made up of 
an A-subunit of molecular mass 36,000 and a 
B-subunit of molecular mass 33,000, whereas 
EVLII a heterodimer composed of the A- and 
B-subunits. They found that there was no struc-
tural difference of the sugar chains linked to the 
two subunits of  E. variegata  galactose- specifi c 
isolectins (Yamaguchi et al.  1993  ). This together 
with the results of amino acid sequence compari-
sons indicated that the difference in molecular 
mass of these two subunits resulted almost wholly 
from the difference in the number of oligosaccha-
rides linked to them.  

    Stem/Bark/Wood Phytochemicals 

 The petroleum ether bark extract was found to 
compose of wax alcohols and wax acids, alkyl 
ferulates, alkyl phenolates, stigmasterol, sitos-
terol, campesterol and citrostadienol/24- 
methylenelophenol (Singh et al.  1975  ). The 
ethanol bark extract yielded chloroform-soluble 
and water-soluble bases, identifi ed as erysovine 
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and stachydrine, respectively. From the bark 
were isolated isofl avones (erythrinins A,B, C, 
osajin; alpinumisofl avone; and oxyresveratrol and 
dihydrooxyresveratrol) (Deshpande et al.  1977  ), 
alkaloids (erysotine, erythratidine,  epi - erythratidine  
and 11-hydroxy- epi -erythratidine) (Chawla et al. 
 1988  ), three fl avonoid phospholipase A 2  (PLA 2 ) 
inhibitors (4′-hydroxy-3′,5′-diprenylisofl avonone 
(abyssinone V) and 3,9-dihydroxy-2,10-diprenyl-
pterocarp-6a-ene (erycrystagallin) and 4′-hydroxy-
6,3′,5′-triprenylisofl avonone) (Hedge et al. 
 1997  ), erythrinin B (   Kobayahsi et al.  1997 ), 
alpinumisofl avone and two prenylated isofl avones 
(erythrivarones A and B characterized as dihy-
droalpinumisofl avone and 4′-hydroxy-[6″,6″-
dimethyldihydropyrano(2″,3″:5,6)]-[6‴,6‴-
dimethyldihy dropyrano(2‴,3‴:7,8)] isofl avone, 
respectively) (Huang and Yen  1996  ;  1997  ) and 
warangalone (Huang and Tseng  1998  ). 
Isofl avonoids, eryvarin A and eryvarin B, were 
isolated from wood (Tanaka et al.  2000  ). Two 
isofl avone derivatives named indicanines D and 
E together with 11 known compounds including 
six isofl avones (genistein, wighteone, alpinumi-
sofl avone, dimethylalpinumisofl avone, 8-prenyl 
erythrinin C and erysenegalensein E), one cinna-
mate (erythrinassinate B), two pentacyclic triter-
penes (oleanolic acid and erythrodiol) and two 
phytosterols (stigmasterol and its 3- O -β- d -
glucopyranoside) were isolated from the stem 
bark (Nkengfack et al.  2001  ). Huang and Chiang 
( 2004  ) isolated the following constituents from 
the methanol stem bark extract: triterpenoids, 
namely, lup-20(29)-en-3-one; β-amyrin; olean-
12- en-3β, 22β-diol; olean-12-en-3β, 28-diol; 
22β, 24-dihvdroxvolean-12-en-3-one; oleanonic 
acid; oleanolic acid; and olean-12-en-3β, 
22β, 24-triol along with warangalone and 
6,8-diprenylkaempferol. 

 From the stem bark, three isofl avones 
(5,4′-dihydroxy-8-(3,3-dimethylallyl)-2″-metho-
xyisopropylfurano[4,5:6,7]isofl avone (1), 5,7,4′-
trihydroxy-6-(3,3- dimethylallyl oxiranylmethyl)
isofl avone (2) and 5,4′-dihydroxy-8-(3,3-
dimethylallyl)-2″-hydroxymethyl-2″-methyl-
pyrano[5,6:6,7]isofl avone (3)) and a new 
isofl avanone, 5,4′-dihydroxy-2′-methoxy-8-(3,3- 
dimethylallyl)-2″,2″-dimethylpyrano[5,6:6,7]

isofl avanone (4), together with seven known 
compounds, euchrenone b10 (5), isoerysenega-
lensein E (6), wighteone (7), laburnetin (8), lupi-
wighteone (9), erythrodiol (10) and oleanolic 
acid (11), were isolated ( Li et al.  2006  ). Genistein 
derivatives mainly in the form of prenylgenistein 
from this extract, including 6-prenylgenistein, 
8-prenylgenistein and 6, 8-diprenylgenistein, 
were isolated from the stem bark (Zhang et al. 
 2008  ). Warangalone 8(3,3-dimethyl-allyl)-4′-
hydroxy-2‴,2‴-imethylpyran[6,7,b]isoflavon 
was isolated from the stem bark (Herlina et al. 
 2009  ). The following secondary metabolites 
were isolated from the stem bark: alpinum isofl a-
vone, 6-hydroxygenistein, 3β,28-dihydroxyolean-
12- ene, epilupeol (Rahman et al.  2007  ) and three 
isofl avones (scandenone, 4′,5,7-trihydroxy- 8-
prenylisofl avone and 4′,5,7-trihydroxy-8- 
methylisofl avone) (Rahman    et al.  2010  ). Liu 
et al. ( 2012  ) isolated erysopine and erysovine 
from the stem bark.  

    Root Phytochemicals 

 The following compounds were isolated from 
the roots: warangalone (scandenone), 
5,7,4′-trihydroxy- 6,8-diprenylisofl avone, ery-
cristagallin, erythrabys-sin-II, phaseollin, phase-
ollidin, isobavachin and a cinnamylphenol, 
eryvariestyrene ( E -1-[2, 4-dihydroxy-5-(3-
m e t h y l bu t -  2 - e ny l ) ] - 2 - p h e ny l e t h y l e n e ) 
(Telikepalli et al.  1990  ); pterocarpans, dihydrofo-
linin and erythrabyssin II, and the alkyl ester of 
ferulic acid, octacosyl ferulate (Ahmad et al. 
 2002  ); orientanol B (9-hydroxy3-methoxy-2γ,
γ, dimethylallylpterocarpan), erycristagallin 
(3,9-dihydroxy-2,10-di(γ,γ-dimethylallyl)-
6α,11α-dehydropterocarpan), cristacarpin, 
 sigmoidin K, 2-(γ,γ-dimethylallyl)- 6α-
hydroxyphaseollidin, erystagallin A (3,6α-
dihydroxy-9-methoxy-2,10- di(γ,γ-dimethylallyl)
pterocarpan) (Sato et al.  2002  ); two diphenyl-
propan-1,2-diols, eryvarinols A (1) and B (2) 
and their structures were elucidated as 1-
(4-hydroxy-2-methoxyphenyl)-2-(4-hydroxy- 3,
5-dimethoxybenzoyloxy)-3-(4- hydroxyphenyl)
propan-1-ol (1) and its 3″-prenyl derivative (2) 
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(Tanaka et al.  2002a ); 3,9-dihydroxy-2,10-
di(γ,γ-dimethylallyl)-6α,11α-dehydropterocarpan 
(erycristagallin) and 9-hydroxy-3-methoxy-2-γ,γ- 
dimethylallylpterocarpan (orientanol B) (Tanaka 
et al.  2002b ); two 3-phenoxychromones, eryva-
rins F and G, and their structures were elucidated 
as 3-(2,4-dihydroxyphenoxy)-7-hydroxy- 6,8-di
(3,3-dimethylallyl)chromen-4-one and 3-(2,4-
dihydroxyphenoxy)-8-(3,3- dimethylallyl)-2,
2-dimethylpyrano[5,6:6,7] chromen-4-one, respec-
tively (Tanaka et al.  2003  ); three isofl avonoids, 
eryvarins M–O, two 2- arylbenzofurans, eryva-
rins P and Q, and a 3-aryl-2,3-dihydrobenzofuran, 
eryvarin R (Tanaka et al.  2004  ); two isofl avonoids, 
eryvarins S and T, and a new 2-arylbenzofuran, 
eryvarin U (Tanaka et al.  2005  ); a biisofl avonoid, 
biseryvarin A, was isolated from the roots (Tanaka 
et al.  2010  ); and two isofl avonoids, eryvarins V and 
W, and a chromen-4-one derivative, eryvarin X 
(Tanaka et al.  2011  ). 

 A 3-phenylcoumarin, indicanine A, was isolated 
from the root bark together with, robustic acid, 
daidzein and 8-prenyldaidzein (Nkengfack et al. 
 2000  ). The structure of the new compound was 
characterized as 4-hydroxy-5-methoxy-3-(4′-
methoxyphenyl)-2″-(1-methylethenyl)dihydrofu-
rano[4″,5″:6,7]coumarin. In addition to two known 
compounds, 5,4′-di- O  - methylalpinumisofl avone 
and cajanin, a new 3-phenylcoumarin metabolite, 
named indicanine B, and a new isofl avone deriva-
tive, named indicanine C, were isolated from the 
root bark (Waffo et al.  2000  ). The structures of the 
new compounds were characterized as 4-hydroxy-
3-(4 ′-hydroxyphenyl)-5-  methoxy-2″ ,2″-
dimethylpyrano [5″,6″:6,7] coumarin and 
4′-hydroxy-5-methoxy-2″,2″-dimethylpyrano 
[5″,6″:6,7] isofl avone, respectively.  

    Antioxidant Activity 

 The crude methanol stem bark extract, n-hexane, 
carbon tetrachloride and chloroform soluble frac-
tions showed moderate DPPH antioxidant activity 
(IC 50  = 484.4–82.35 μg/ml), while the purifi ed 
compounds, 4′,5,7-trihydroxy-8-prenyl isofl avone 
alpinum isofl avone and 6-hydroxygenistein, 
exhibited high antioxidant activity, having IC 50  of 

6.42, 8.30 and 8.78 μg/ml, respectively (Rahman 
et al.  2010  ). At the same time the standard 
compound, tert-butyl-1-hydroxytoluene (BUT), 
demonstrated an IC 50  of 5.88 μg/ml. 

 Studies showed that the aqueous and methanol 
leaf extracts exhibited signifi cant DPPH radical 
scavenging activity with an IC 50  value of 342.59 
and 283.24 μg/ml, respectively (Sakat and 
Juvekar  2010  ). The aqueous and methanol extracts 
signifi cantly scavenged nitric oxide radicals 
(IC 50  = 250.12; 328.29 μg/ml, respectively). Lipid 
peroxidation induced by thiobarbituric acid 
reactive substances (TBARS) was inhibited by 
the aqueous extract with low IC 50  value (97.29 μg/
ml) as compared to methanol extract 
(IC 50  = 283.74 μg/ml). Both the extracts exhibited 
similar quantities of total phenolics. Total fl avo-
noids were found to be in higher quantities than 
total fl avonols in aqueous extract as compared to 
methanol extract.  

    Antimicrobial Activity 

 Among the isofl avonoids isolated from  E. varie-
gata , 3,9-dihydroxy-2,10-di(γ,γ-dimethylallyl)-
6α,11α-dehydropterocarpan (erycristagallin) 
showed the highest antibacterial activity against 
mutants Streptococci, other oral Streptococci, 
 Actinomyces  and  Lactobacillus  species with a 
minimum inhibitory concentration (MIC) range 
of 1.56–6.25 μg/ml, followed by 3,6a-dihydroxy- 
9-methoxy-2,10-di(γ,γ-dimethylallyl)pterocarpan 
(erystagallin A) and 9-hydroxy-3-methoxy-2-γ,γ- 
dimethylallylpterocarpan (orientanol B) (MIC 
range: 3.13–12.5 μg/ml) (Sato et al.  2002  ). 

 Fourteen out of 16 isofl avonoids isolated from 
the roots showed antibacterial activity in the concen-
tration range (1.56–100 μg/ml); the MIC values var-
ied signifi cantly among them (Tanaka et al.  2002b ). 
Of the active compounds, 3,9-dihydroxy-2,10-
di(γ,γ-dimethylallyl)-6α,11α-dehydropterocarpan 
(erycristagallin) and 9-hydroxy-3-methoxy-2-γ,γ- 
dimethylallylpterocarpan (orientanol B) exhibited 
the highest activity against methicillin-resistant 
 Staphylococcus aureus  with MIC values of 3.13–
6.25 μg/ml. The phytochemical 2′,4′-dihydroxy-8-
γ,γ-dimethylallyl-2″,2″-dimethylpyrano[5″,6″:6,7]
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isofl avanone (bidwillon B), isolated from 
 Erythrina variegata , inhibited the growth of 12 
methicillin-resistant  Staphylococcus aureus  
(MRSA) strains at minimum inhibitory concen-
trations (MICs) of 3.13–6.25 mg/l, while MICs 
of mupirocin, an antibiotic, were 0.20–3.13 mg/l 
(Sato et al.  2004  ). The minimum bactericidal 
concentration (MBC) for bidwillon B and mupi-
rocin against MRSA weas 6.25–25 mg/l (MBC 90 : 
12.5 mg/l) and 3.13–25 mg/l (MBC 90 : 25 mg/l), 
respectively. When bidwillon B and mupirocin 
were combined, synergistic effects were observed 
for 11 strains of MRSA (fractional inhibitory 
concentration indices, 0.5–0.75). The MBCs of 
mupirocin in the presence of bidwillon B 
(3.13 mg/l) were reduced to 0.05–1.56 mg/l. The 
results suggested t bidwillon B and mupirocin to 
be potent phytotherapeutics, and/or their combi-
nation may be useful in the elimination of nasal 
and skin carriage of MRSA. 

 Eryvarin Q, a 2-arylbenzofuran, isolated from 
the roots, showed potent antibacterial activity 
against methicillin-resistant  Staphylococcus 
aureus  (Tanaka et al.  2004  ). The isofl avonoid 
eryvarin U, isolated from the roots, exhibited 
potent antibacterial activity against methicillin- 
resistant  Staphylococcus aureus  (MRSA) strains 
(Tanaka et al.  2005  ). 

 The crude methanol bark extract showed com-
paratively strong growth inhibition of  Bacillus 
subtilis, Escherichia coli  and  Aspergillus niger , 
while n-hexane soluble fraction of the methanol 
extract showed poor activity against most of the 
test microorganisms (Rahman et al.  2007  ). The 
carbon tetrachloride fraction of the methanol 
extract showed moderate growth inhibition of 
 Bacillus cereus, B. subtilis, E. coli, Pseudomonas 
aeruginosa, Shigella dysenteriae  and  Vibrio 
mimicus.  The chloroform soluble fraction showed 
strong activity against  B. cereus ,  B. subtilis ,  E. 
coli ,  P. aeruginosa  and  A. niger . The aqueous 
soluble fraction showed signifi cant activity 
against Gram-positive bacteria, namely,  B. 
cereus ,  B. subtilis, Sarcina lutea  and the Gram- 
negative bacteria,  P. aeruginosa . This fraction 
also showed strong activity against  A. niger  and 
 Saccharomyces cerevisiae  and moderate activity 
against  Candida albicans . 

 The isofl avonoid eryvarin W, isolated from the 
roots, exhibited potent antibacterial activity 
against methicillin-resistant  Staphylococcus 
aureus  (MRSA) strains (Tanaka et al.  2011  ). 
A biisofl avonoid, biseryvarin A, isolated from the 
roots showed low activity against methicillin- 
resistant  Staphylococcus aureus  (MRSA) 
(Tanaka et al.  2010  ).  

    Antitumour Activity 

 The ethyl acetate and n-butanol fraction of the 
ethanol stem bark extract but not the aqueous 
fraction promoted proliferation of the rat osteo-
genic sarcoma (UMR106), osteoblast-like 
(OB-like) cells (Li et al.  2006  ). Eleven com-
pounds isolated from the ethyl acetate fraction 
including 4 new isoflavones and 7 known 
compounds, euchrenone b 10 , isoerysenegalensein 
E, wighteone, laburnetin, lupiwighteone, erythro-
diol and oleanolic acid, also stimulated UMR106 
cell proliferation at concentrations of 5 × 10 −8  to 
5 − 10 −6  mol/L but did not promote proliferation 
at 5 × 10 −5  mol/L. 

 Among the proteinase inhibitors of  E. variegata , 
EBI, which belongs to the Bowman-Birk family 
of inhibitors, was cytotoxic in relatively differen-
tiated cells such as Molt4 and Jurkat derived from 
acute T lymphoblastic leukaemia (T-ALL) cells 
specifi cally, but ETIa and ECI, which are classi-
fi ed into Kunitz family inhibitors, did not (Ohba 
et al.  1998  ). The succinylation of lysine residue(s) 
of EBI led to about 50 % loss of the trypsin inhib-
itory activity as compared with the authentic 
EBI. When Molt-4 cells were incubated with this 
derivative, no signifi cant cytotoxicity was 
observed, suggesting that the proteinase inhibi-
tory activity might be involved in the cytotoxicity 
in human tumour cell lines. Erythrina alkaloid 
derivative, 10,11-dioxoerythratidine from the 
leaves, showed anticancer activity against breast 
cancer cell line T47D in vitro used with IC 50  
1.0 μg/ml (Herlina et al.  2005  ). The methanol 
leaf extract of  E. variegata  and its ethyl acetate 
fraction and two compounds from the fraction 
isolate 11 and 17 exhibited anticancer activity 
against breast cancer T47D cell line in vitro 
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(Herlina et al.  2008  ). The potency against breast 
cancer cells ranked in the order of isolate 17 > iso-
late 11 > ethyl acetate fraction > methanol extract. 
Isolate 11 was characterized as a triterpene penta-
cyclic 3b-11a-28-trihydroxy-oleane- 2-ene and 
isolate 17 as a mixture of β-sitosterol and stig-
masterol. Rahman et al. ( 2007  ) evaluated the 
lethality of the  n -hexane, carbon tetrachloride, 
chloroform and aqueous soluble fractions of the 
methanol bark extract to brine shrimp on 
 Artemia salina.  The LC50 were found to be 
36.68, 4.67, 7.733 and 14.289 μg/ml, respec-
tively. The cytotoxicity exhibited by the carbon 
tetrachloride and chloroform soluble fractions 
was signifi cant and comparable to the positive 
control (vincristine sulphate). The results sug-
gested that these fractions may be useful as anti-
proliferative and antitumorous bioactive agents. 

  Erythrina variegata  extract exhibited anti-
tumour effect in-vivo using the Lewis lung 
cancer mice model (Zhang et al.  2009  ). It also 
exhibited in-vitro antitumour effect against 
liver cancer cells. The methanol stem bark 
extract of  Erythrina variegata  showed signifi -
cant anticancer activity against breast cancer 
T47D cell lines in vitro using the sulforhoda-
mine B (SRB) assay (Herlina et al.  2011  ). Its 
bioactive component erystagallin A showed 
potent anticancer activity against breast cancer 
T47D cell lines in vitro with IC 50  3.3 μg/ml. 
Xanthoxyletin isolated from  E. variegata  
exhibited antiproliferative effects in-vitro 
against human gastric adenocarcinoma SGC- 
7901 cells (Rasul et al.  2011  ). Its inhibitory 
effects on cells were associated with the DNA 
damage, apoptosis through mitochondrial dys-
function and cell-cycle arrest at S phase in a 
dose-dependent manner. Xanthoxyletin also 
increased the production of reactive oxygen 
species in SGC-7901 cells. 

 Studies showed that treatment of Dalton’s 
ascitic lymphoma-induced Swiss Albino mice 
with methanol root bark extract of  Erythrina var-
iegata  signifi cantly increased the life span and 
decreased cancer cell number and tumour weight 
(Baskar et al.  2010  ). The haematological param-
eters were also normalized by the extract in 
tumour-induced mice.  

    Antiinfl ammatory Activity 

 Total alkaloids extracted from the leaves were 
found to have antiinfl ammatory activity (Nguyen 
et al.  1992  ). Three    isofl avones, abyssinone V (1), 
4′-hydroxy-6,3′,5′-triprenylisofl avonone (2) and 
erycrystagallin (3), isolated from the bark, exhib-
ited phospholipase A2 (PLA2) inhibition with 
IC 50  values of 6, 10 and 3 μM for 1 − 3,  respectively 
(Hedge et al.  1997  ). The methanol leaf extract 
was found to have antiinfl ammatory activity as 
observed by reduction of the paw oedema (Verma 
et al.  2005  ). It contained indole alkaloids. Studies 
revealed that ethanol leaf extract of  E. variegata  
produced above 90 % protection of the HRBC 
membrane from lysis due to hyposaline at dose 
level of 1,600 μg/ml when compared to 100 % 
lysis induced in control (Balamurugan et al. 
 2010  ). The standard drug, diclofenac, produced 
95.26 % protection at a concentration of 
50 mg/100 ml. The prevention of hypotonicity-
induced HRBC membrane lysis was taken as a 
measure of antiinfl ammatory activity.  

    Blood Clotting Activity 

 Studies indicated that  Erythrina variegata  Kunitz 
proteinase inhibitors possessed different potency 
towards serine proteinases in the blood coagula-
tion and fi brinolytic systems, in spite of their 
high similarity in amino acid sequence (Nakagaki 
et al.  1996  ). ETIa and ETIb, two Kunitz family 
trypsin inhibitors, prolonged the activated partial 
thromboplastin time (APTT) and also the pro-
thrombin time (PT) of human plasma, but the 
Kunitz family chymotrypsin inhibitor, ECI, and 
Bowman-Birk family inhibitor, EBI, from  E. var-
iegata  hardly prolonged these times. Trypsin 
inhibitors ETIa and ETIb inhibited the amido-
lytic activity of factor Xa and ETIb but not ETIA- 
inhibited plasma kallikrein. Neither ETIa nor 
ETIb exhibited any inhibitory activity towards 
beta-factor XIIa and thrombin. Furthermore, 
trypsin inhibitors ETIa and ETIb inhibited plas-
min, a serine proteinase in the fi brinolytic sys-
tem, whereas ECI and EBI did not. Of the two 
 Erythrina variegata  trypsin inhibitors designated 

Fabaceae



797

ETIa and ETIb, ETIa was found to have the 
ability to inhibit tissue-type plasminogen activa-
tor (tPA), while ETIb did not (Kouzuma et al. 
 1997a ). They found that Arg61 and Leu62 resi-
dues in ETIa were important in inhibiting tPA 
and also suggest that beside these two residues, 
the other amino acid(s) or other structural ele-
ment may be involved in interaction of ETIa with 
tPA. They also found that site-specifi c mutation 
of Arg63 to Leu (aR63L) or Asp (aR63D) in ETIa 
resulted in abolition of the inhibitory activities 
towards both trypsin and tPA (Kouzuma et al. 
 1997b ). The result suggested that Arg61 and 
Leu62 in ETIa, in addition to Arg63, may play an 
important role in the interaction with tPA.  

    Immunomodulatory Activity 

 A  d -galactose-binding glycoprotein lectin agglu-
tinating human erythrocytes was purifi ed from the 
seeds (Datta and Basu  1981  ). The lectin possessed 
leucoagglutinating property. A mitogenic  d -galac-
tosephilic lectin isolated from seeds was found to 
be similar to the soybean lectin in being a glyco-
protein of molecular weight around 110,000–
120,000 and having  d -galactosephilic activity 
(Gilboa-Garber and Mizrahi  1981  ). The lectin 
resembled soybean and  Pseudomonas aeruginosa  
lectins, by binding to  d - galactosamine , N-acetyl-
 d -galactosamine, alpha-galactoside and beta-
galactoside as well as to  d -galactose. Like these 
lectins it absorbed onto either untreated or enzyme 
(papain or neuraminidase)-treated human red 
blood cells but exhibited a considerable mitogenic 
activity towards human lymphocytes (predomi-
nantly T cells) only after their treatment with 
neuraminidase. This lectin was different in regard 
to the intensity of their agglutinating activity 
towards erythrocytes obtained from different 
animals and human donors of diverse ABO 
blood groups. Li et al. ( 1990  ) found that the Gal 
beta 1-4GlcNAc beta 1-3(Gal beta 1-4GlcNAc 
beta 1-6)Gal sugar sequence, an I-antigen deter-
minant, was essential for the high affi nity binding 
of the oligosaccharides to the  Erythrina variegata  
agglutinin (EVA). The binding affi nity of  Erythrina 
corallodendron  (synonym of  E. variegata ) 

seed lectin was found to be in the order 
N-acetyllactosamine > N-acetyl- d - galactosamine  
> α-galactoside and β-galactoside >  d -galactose 
(Sudakevitz et al.  1991  ). Its ABO(H) blood group 
specifi city revealed the following order of activ-
ity: O(H)I > A2 I > O(H)i adult > A2BI > BI > O(H)i 
cord > A1I > A1i adult > Bi cord > A1BI > Ai 
cord > ABi cord > OhI. The  Erythrina indica  
(synonym of  E. variegata ) lectin showed a lower 
differentiation between the agglutination of O(H) 
and Oh erythrocytes. Both Erythrina seed lectins 
exhibited H/HI blood group preference. 

 Erythrina leaf lectin (EiLL) agglutinated all 
human RBC types, with a slight preference for 
the O blood group (Konozy et al.  2002  ). The 
carbohydrate specifi city of lectin was directed 
towards  d -galactose and its derivatives with 
pronounced preference for lactose. EiLL had pH 
optima at pH 7.0; above and below this pH lectin 
lost sugar-binding capability rapidly.  

    Anti-osteoporotic Activity 

 Studies by Zhang et al. ( 2007b ) demonstrated 
that  Erythrina variegata  stem bark extract could 
suppress the high rate of bone turnover induced 
by oestrogen defi ciency, inhibit bone loss and 
improve the biomechanical properties of bone in 
the ovariectomized rats. Daily oral administra-
tion of the plant extract at 300 and 600 mg/kg for 
14 weeks to rats prevented the ovariectomy- 
induced increase in the serum osteocalcin, alka-
line phosphatase and urinary deoxypyridinoline 
(DPD) levels. Histomorphometric analysis of the 
proximal end of the tibia showed that the extract 
prevented the oestrogen defi ciency-induced 
decrease in trabecular thickness and trabecular 
area, as well as restoring the increase in trabecu-
lar separation in a dose-dependent manner. Also, 
the extract improved the energy absorption and 
stiffness of the mid-shaft of the rat femur. In a 
follow-up study, they isolated genistein deriva-
tives mainly in the form of prenylgenistein from 
this extract, including 6-prenylgenistein, 
8- prenylgenistein and 6, 8-diprenylgenistein 
(Zhang et al.  2008  ). They found genistein did not 
promote cell growth but genistein derivatives 
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exerted stimulatory effects on osteogenesis in 
UMR 106 cells. Further animal studies indicated 
that the protective effects of  E. variegata  stem 
bark extract on bone properties in ovariectomized 
rats were likely to be mediated by its inhibitory 
actions on the process of bone resorption via the 
suppression of osteoclast differentiation and mat-
uration (Zhang et al.  2010  ). The extract inhibited 
the upregulation of cathepsin K mRNA and the 
downregulation of osteoprotegrin mRNA in the 
tibia of ovariectomized rats.  

    Calcium Homeostasis Activity 

 Oral administration of  Erythrina variegata  
extracts could improve the serum Ca level and 
inhibit urinary Ca excretion in ovariectomized 
rats and maintain Ca homeostasis, and this might 
be attributed to the upregulation of the extract on 
vitamin D receptor mRNA expression in the 
duodenum and CaBP-9k mRNA expression in 
the kidney (Zhang et al.  2007a ).  

    β-Glucosidase Inhibitory Activity 

 In the β-glucosidase inhibitory bioassay, the 
crude methanol extract, n-hexane, carbon tetra-
chloride and chloroform soluble fractions of 
 E. variegata  stem bark revealed 34.75, 95.04, 
91.49 and 55.32 %, inhibition, respectively 
(Rahman et al.  2010  ).  

    Hypotensive Activity 

 The aqueous seed extract elicited a sharp fall in 
blood pressure and at higher dose completely 
stopped the heart in guinea pigs (Chatterjee et al. 
 1981  ). It also produced a contraction of isolated 
guinea pig ileum. The fall in blood pressure and 
contraction of ileum were completely blocked by 
an antihistaminic agent—diphenhydramine. The 
extract did not show any CNS activity, since it 
neither affected the barbiturate-induced sleeping 
time nor protected the pentylenetetrazol-induced 
convulsions, although it depressed the respiration 

at higher doses but stimulate the same in smaller 
doses in guinea pigs.  

    Antimalarial Activity 

 Erythrina alkaloid derivative, 10,11- 
dioxoerythratidine from the leaves, showed 
antimalarial activity against both strains of 
 Plasmodium falciparum  in-vitro used with IC 50  
of 25.5 μg/ml against strain 3D7 and 3.3 μg/ml 
against K1(Herlina et al.  2005  ). The methanol 
leaf extract of  E. variegata  exhibited signifi cant 
antimalarial activity in-vitro towards  Plasmodium 
falciparum  (Herlina et al.  2007  ). Its  n -butanol 
fraction gave the most potent activity, exhibiting 
equipotency against both strains of the parasite 
with IC 5O  of 5.1 μg/ml against K1 and 13.2 μg/
ml/against 3D7. The methanol bark extract of 
 E. variegata  showed signifi cant antimalarial 
activity towards  Plasmodium falciparum  in vitro 
using the lactate dehydrogenase (LDH) assay 
(Herlina et al.  2009  ). Its ethyl acetate fraction 
showed the highest activity, exhibiting equipo-
tency against both strains of parasite with IC 50  of 
23.8 μg/ml against 3D7 and 9.3 μg/ml against 
K1. The active component of the fraction isolated 
was identifi ed as warangalone, 8(3,3-dimethyl-
allyl)-4′-hydroxy-2‴,2‴-imethylpyran[6,7,b]iso-
fl avon which showed signifi cant antimalarial 
activity against both strains with IC 50  of 4.8 μg/
ml against 3D7 and 3.7 μg/ml against K1. The 
methanol stem bark extract of  Erythrina varie-
gata  showed signifi cant antimalarial activity 
against  Plasmodium falciparum  in-vitro using 
the lactate dehydrogenase (LDH) assay (Herlina 
et al.  2011  ). Its bioactive component erystagallin 
A showed potent antimalarial activity against 
both strains of parasite in-vitro used with IC 50  of 
0.02 μg/mL against 3D7 and 6.0 μg/mL against 
K1, respectively. The pentacyclic triterpenoid, 
3,22,23-trihydroxy-oleane-12-ene (1); pentacy-
clic triterpenoid, 3b,11a-28trihydroxy-oleane- 
12-ene (2); and 10,11-dioxoerythratidine (3) 
isolated from the ethyl acetate fraction of the 
methanol extract of dried leaves showed antima-
larial activity (Supratman et al.  2010  ). Compound 
3 showed antimalarial higher than compounds 1 
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and 2 against  P. falciparum  K1 strains resistant 
to chloroquine due to the presence of epoxy 
group in pyran ring.  

    Antihyperlipidaemic Activity 

 The elevated levels of total cholesterol, triglycer-
ides, low-density lipoprotein and very low- density 
lipoprotein due to high-fat diet (HFD) was 
signifi cantly reduced by concurrent treatment 
with methanol seed extract of  E. variegata  (200 
and 400 mg/kg) (Balamurugan and Shantha 
 2010  ). A signifi cant reduction in high-density 
lipoprotein was found in HFD-fed groups; how-
ever, a nonsignifi cant increment was produced by 
the administration of the extract. The extract 
reduced the elevated body weight and mesenteric 
fat pad weight and the enhanced HMG-CoA 
reductase activity of HFD hyperlipidaemic rats. 
The extract also signifi cantly reduced antioxidant 
enzymes such as superoxide dismutase and cata-
lase and lipid peroxidation in HFD rats. 
Administration of  E. variegata  leaf extract to 
guinea pigs fed on a high-fat diet reduced TC 
(33 %), triglyceride (TGL; 39 %) and LDL 
(36 %), while high-density lipoprotein (HDL) 
levels remained unaltered demonstrating its mar-
ginal hypolipidaemic infl uence (Kalachaveedu 
et al.  2011  ). Atherosclerotic changes in coronary 
histopathology caused by the high-fat diet were 
altered benefi cially by the leaf extract.  

    Hypoglycaemic Activity 

 The methanol leaf extract of  E. variegata  exhib-
ited promising hypoglycaemic action in strepto-
zotocin (STZ)-induced diabetic rats substantiating 
its ethnomedicinal use (Kumar et al.  2011  ). 
The extract administered orally at doses of 300, 
600 and 900 mg/kg signifi cantly and dose- 
dependently reduced and normalized blood glu-
cose levels as compared to that of STZ control 
rats, the 900 mg/kg dose being the most potent 
showing complete normalization of blood glucose 
levels. Serum biochemical parameters including 
lipid profi le were signifi cantly restored towards 

normal levels in the extract-treated rats as 
compared to STZ diabetic rats.  

    Antidiarrhoeal Activity 

 The ethanol leaf extract signifi cantly modifi ed 
normal defecation frequency as well as inhibited 
castor oil-induced diarrhoea in Wistar rats (Sonia 
et al.  2011  ). The extract also displayed a signifi -
cant reduction in gastrointestinal motility in 
charcoal meal test. The fi ndings suggested that 
the ethanol extract of leaves of  Erythrina indica  
elicited potent antidiarrhoeal effects substantiat-
ing its traditional claim as an antidiarrhoeal 
agent.  

    Diuretic Activity 

 The ethanol, chloroform and ethyl acetate leaf 
extracts exhibited signifi cant diuretic activity as 
evidenced by increased total urine volume and 
the urine concentration of Na + , K +  and Cl 
(Jesupillai et al.  2008  ). The results supported the 
use of the plant as a diuretic agent in traditional 
medicine.  

    Antifertility Activity 

 Phytol from  E. variegata  leaves exhibited antifer-
tility effects on the spermatozoa of white rats 
( Rattus norvegicus)  in-vitro at a concentration of 
0.25 × 10 3  μg/μl (Herlina et al.).  

    Spasmloytic Activity 

 Total alkaloidal fraction from bark caused 
smooth muscle relaxation of isolated rabbit 
ileum and inhibited spontaneous rhythmic con-
traction of isolated rat uterus in concentration of 
0.5–2.0 mg/ml (Ghosal et al.  1972  ).  E. variegata  
behaved like a spasmolytic agent due to its relax-
ing activity, thus may have an important role in 
conditions like diarrhoea or spasm or colic pain. 
Erythrinin B from  E. variegata  bark signifi cantly 
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inhibited the Na+/H+ exchange system of  arterial 
smooth muscle cells, with minimum inhibitory 
concentrations of 1.25 μg (Kobayashi et al. 
 1997  ).  

    CNS (Central Nervous System) Activity 

 The total alkaloid fraction from the bark showed 
several characteristic pharmacological effects: 
neuromuscular blocking, smooth muscle relaxant, 
CNS depressant, hydrocholeretic and anticonvul-
sant effects, which were consistent with the 
reported uses of the plant extracts in the indige-
nous system of medicine (Ghosal et al.  1972  ). 
The ethanol, chloroform and ethyl acetate leaf 
extracts of leaves showed signifi cant ( P  < 0.05) 
anticonvulsant activity against maximal electro-
shock (MES) and pentylenetetrazol (PTZ)-
induced convulsions in mice (Rajamanickam 
and Sathyanarayanan  2008  ). Ethanol extract gave 
more prominent activity when compared to other 
extracts. 

 The aqueous leaf extract showed potent seda-
tive activity but no analgesic effects, as claimed 
by Sri Lankan Ayurvedic physicians (Ratnasooriya 
and Dharmasiri  1999  ). The methanol leaf extract 
showed mild sedative hypnotic activity when 
evaluated using pentobarbital (Verma et al.  2005  ). 
However, in a later study, the methanol leaf extract 
was found to have analgesic activity. In acetic 
acid-induced writhing model, the methanol leaf 
extract of the leaf of  E. variegata  at a dose of 
500 mg/kg showed signifi cant antinociceptive 
activity with 49.03 % inhibition of writhing 
response (Haque et al.  2006  ). In radiant heat 
tail-fl ick model, the extract also showed signifi -
cant increase in the tail-fl ick latency at a dose of 
500 mg/kg body weight with 36.02 % elongation 
of tail-fl ick time. As the crude extract appeared to 
be active in both animal models of nociception, 
it may possess peripherally and centrally acting 
compounds for its antinociceptive action. 

 Marañon and Santos ( 1932  ) isolated an alka-
loid from the seeds which had properties identi-
cal with those of hypaphorine. Hypaphorine had 
been found to promote sleep in mice (Ozawa 
et al.  2008  ).  

    Toxicity Activity 

 The leaves and bark were found to contain the 
toxic alkaloid, erythrinine ,  a central nervous system 
depressant with effects similar to the alkaloid 
cytosine (Greshoff  1890  ; Nellis  1997  ). Symptoms 
reported included vomiting, malaise, lethargy 
and depression (Nellis  1997  ). Erythrinine was 
also isolated from the plant by Ito et al. ( 1970  ).  

    Traditional Medicinal Uses 

 A wide range of chemical compounds have been 
isolated, mainly alkaloids, fl avonoids, triterpe-
noids and lectin from  E. variegata . In Asia and 
the Pacifi c Islands, different parts of the plant 
have been used in traditional medicine for a variety 
of ailments and as nervine sedative, collyrium in 
ophthalmia, antiasthmatic, antiepileptic, antiseptic, 
astringent, febrifuge, anti-bilious, diuretic, laxa-
tive, expectorant, anthelmintic, vermifuge and an 
astringent (Crevost and Petelot  1928  ; Burkill 
 1966  ; WHO  1998  ; Rahman et al.  2007  ,  2010  ; 
Stuart  2012  ; Kumar et al.  2010  ). 

 The bark is used as a laxative, diuretic, expec-
torant astringent, febrifuge, anti-bilious and 
anthelmintic and is useful in ophthalmia and skin 
diseases. The bark is also employed to facilitate 
the maturation of boils. Dried bark decoction or 
infusion in alcohol is used for lumbar and leg 
pain. The stem bark is used against rheumatism 
in the form of a decoction, extract or tincture and 
an infusion used for stomachache. The bark when 
crushed and pounded is used for curing toothache 
by inserting into cavities or hollow tooth. The 
bark is chewed for dysentery. A mixture of bark 
scrapings and lime is applied to reduce swellings. 
The inner bark is scraped and mixed with little 
water; the juice is squeezed and drunk to cure 
cough with sore throat. The wood is rasped in 
water and given for haematuria. The bark and 
leaves are used in ‘paribhadra’, an Indian prepa-
ration as a vermifuge, for treating fi lariasis, and 
to relieve joint pain. A decoction of the bark and 
leaves, sweetened, is considered a good expecto-
rant. The leaves and bark were found to contain 
the toxic alkaloid, erythrinine ,  a central nervous 
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system depressant with effects similar to the 
alkaloid cytosine (Greshoff  1890  ; Nellis  1997  ). 

 The leaves are employed in fever, infl amma-
tion and joint pains and as laxative, diuretic and 
expectorant. Heated crushed wet leaves are 
rubbed over the head and body of a person with 
fever. The juice of the leaves is used in earache, 
toothache, constipation and cough, and consum-
ing the leaves is held to stimulate lactation, 
appetite and menstruation. The extract from 
crushed leaf mixed with water is drunk to relieve 
cough. Crushed fresh leaves are used externally 
as a poultice in haemorrhoids and metroptosis. 
Powdered leaves are topically applied for wounds 
and ulcers, and a warm poultice is applied exter-
nally to relieve rheumatic joints. Leaves are 
reported to be sedative and are used for the relief 
of insomnia and anxiety and for treating asthma. 
Leaves are crushed with seawater and drunk daily 
to relieve stomachache. Honeyed leaf juice is 
used as vermifuge for tapeworm and roundworm 
infestations. Pulverized leaves in the form of 
snuff are used for infantile convulsion and asca-
riasis. Leaves mixed with castor oil are used as 
therapy for dysentery. 

 The roots and leaves are considered to be 
febrifuge. The root decoction is used as a gar-
gle for loose and aching teeth and an infusion 
used for bronchitis. Seeds used internally and 
externally for cancer and externally for 
abscesses. Pounded seeds are used as poultice 
for snake bites and for abscesses and cancerous 
growths.   

    Other Uses 

  Erythrina variegata  is a multipurpose tree and an 
important agroforestry species. The species is 
simultaneously used as leaf forage and medicinal 
plant (in Vietnam especially grown for offi cial 
purposes). It has also proven valuable for fodder 
production and as sturdy windbreaks. It is a useful 
plant for soil enrichment as it fi xes nitrogen, nod-
ulating readily and prolifi cally in both acid and 
alkaline soils and is also a good source of organic 
matter for green manure. In Asia and other tropical 
countries, it is a common ornamental tree for 
landscape, avenue planting and  fencing/hedging 

purposes. It is also used as live support tree for 
black pepper, betel leaf, jasmine, grapes and 
yams and as a shade tree for coffee and cocoa. 
The soft and white timber has been used for 
making packing cases, fl oats, picture frames and 
toys, and recently pulp for the paper industry. 

  Erythrina variegata  has insecticidal activity. 
Two alkaloids isolated from the stem bark, 
identifi ed as erysopine and erysovine, exhibited 
antifeedant activity against maize weevil 
 Sitophilus zeamais  adults with EC 50  values of 
108.5 and 89.7 ppm, respectively (Liu et al. 
 2012  ). The  d -galactose binding lectin from 
 E. indica  seeds signifi cantly reduced egg hatch-
ing, pupation and emergence of the melon fruit 
fl y,  Bactrocera cucurbitae  (Singh et al.  2009  ). 
Treatment of the larvae with the lectin signifi cantly 
suppressed the activity of hydrolase enzymes 
(acid and alkaline phosphatases), one oxidore-
ductase (catalase) and one group transfer enzyme 
(glutathione S-transferases), but the esterases 
increased signifi cantly. 

 Studies showed that  E. variegata  leaf powder 
could remove metal pollutant from solution. 
One study showed  E. variegata  leaf powder 
could bioadsorb zinc from aqueous solution 
(Venkateswarlu et al.  2008  ). There was a signifi -
cant increase in percentage removal of Zn as pH 
increased from 2 to 3 and attained maximum at 
pH 7. In a subsequent study they found that 
 E. variegata  leaf powder could remove cadmium 
from solution; a signifi cant increase in percentage 
removal of cadmium was observed as pH 
increased from 2 to 4 (Kumar et al.  2009  ).  

    Comments 

  E. variegata  is readily propagated from seeds 
and woody stem cuttings.     
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