
______________________________ _______Prayogik Rasayan                                                       
 

 DOI: 10.53023/p.rasayan-20201030 35  

 
Prayogik Rasayan 2020, 4(4), 35-41 

 

  

Erythrodiol, an Oleanane-type Triterpenoid: Natural Resources and 
Medicinal importance 

Saikat Kumar Panja 
 
 

 Department of Chemistry and Chemical Technology, Vidyasagar University, Midnapore 721102, West Bengal, India,  
Email: saikat.p9200@gmail.com 

 
__________________________________________________________________________________________________________                     

Received: October 15, 2020 | Accepted: October 30, 2020 | Published online: December 21, 2020 

__________________________________________________________________________________________________________

Erythrodiol, is a naturally abundant biologically active triterpenoid. It is the biosynthetic precursor of pentacyclic oleanae-type 

triterpenic acids in plants. The molecule has a -amyrin 
type fused pentacyclic (6-6-6-6-6) carbon skeleton and 
two hydroxyl groups (–OH) which are attached at the 
two opposite ends of the rigid triterpenoid moiety. The 
molecule also has an endo-cyclic ―C=C‖ connecting C12 
and C13. Herein, we have reviewed the various plant 
resources of this oleanane-type triterpenoid erythrodiol. 
Various pharamacological activities of erythrodiol have 
also been discussed.  
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1.  Introduction 

 Terpenoids are a class of plant secondary 
metabolites containing a multiple of isoprene (C5) units.

1,2 

Terpenoids are biosynthesized in various parts of a plants via 
different enzymatic pathway for their own defense or 
attracting pollinators.

3
 Depending upon the biosynthesis 

process terpenoids are acyclic to polycyclic in nature and 
having the length in nanometric dimension. Depending upon 
the number of carbon atoms present; they may be mono- 
(C10), sesqui- (C15), di- (C20), sesqua- (C25), tri- (C30), 
sester- (C35) and tetra- (C40) terpenoids.

4
 Terpenoids have 

drawn potential  research interest during the past decade due 
to their :  (i) renewable nature, (ii) biocompatiability, (iii) 
diversified structural features, (iv) pharamacological activities, 
(v) interesting self-assembly properties, etc.

5,6,7,8,9
  In plants 

most of the triterpenoids  remain either in free form or as 
aglycon in naturally occurring saponins linked with sugars. 

Erythrodiol (3β-olean-12-ene-3, 28-diol) is a -amyirn type 
pentacyclic dihydroxy triterpenoid having the molecular 
foruma C30H50O2. In plants it is the precursor of other 
oleanane-type triterpenic acids like oleanolic and maslinic 
acids. In this article various plant sources (Figure 1) and 
pharamocological activities (Figure 2- 5) of erythrodiol have 
been discussed.  
 

2. Natural Resources of erythrodiol 

 

 

Plants are rich in many kinds of phytochemicals 

like terpenoids, flavonoids, carotinoids, fatty acids, 

polyphelos etc.
10

  Triterpenoids (C30), a  class of secondary 

metabolites are found in plenty in many plants. Literature 

survey reveals that erythrodiol 1 (C30H50O2), an  oleanane-

type trierpenoid is present in different parts such as leaves, 

bark, fruit, flower, seed,  etc.  of many plants.  J.  E.  Orr et al 

isolated 1 from Arctostaphylos Uva Ursi (Linn) in 1945.
11

 Carl  

Djerassi and co-workers isolated erythrodiol from a 

Guatemalan cactus Lemaireocereus longispinus in the year  

1953.
12

  K.  Strüby and co-werkers isolated 1 from Helianthus 

annuus
13

 (sunflower) in 1972. G.S. Saharia et. al isolated 1  

from Acacia senega
14

 in 1981.  J. G. Tous  et. al  isolated 1 

from vegetable oils in 1986.
15

  T. Akihisa and co-workers  

isolated 1 from the seeds of Coccinia grandis
16

 (ivy gourd) 

fruit in the year 1997. R. Mata et. al isolated 1 from Conyza 

filaginoides
17

 in 1997. G. G.Santos et. al isolated 1 from 

Eucalyptus globulus
18

 in 1997. D. K. Kim et. al isolated 1 from  

Ilex macropoda
19

 in 2002. N. Mukhtar and co-workers 

isolated 1 from Conyza Canadensis in 2002.
20

   A. Ohsaki et 

al isolated eryhtrodiol from the leaves of Maytenus ilicifolia
21

 

in  2004. D. Smati et al isolated 1 from Zygophyllum geslini
22

 

2004.  T. Akihisa and co-workers isolated 1 from 

Chrysanthemum morifolium
23

  in  2005.  F. Ullah and co-

workers isolated 1 from Rhododendron collettianum in 

2007.
24

  M.  Ahmad et. Al isolated 1 from Datisca cannabina 

linn in 2008.
25

  M. E.  Juan isolated 1 from various kinds of 

olive,  Olea europaea
26 

in 
 
2008.   A. Kumar et. al isolated 1 

from the stem bark of Erythrina indica
27

 in 2010.  H. L.  Chen 

et al isolated 1 from the stem of Celastrus kusanoi 
28

  in 2010. 

A. Aberham  et. al isolated 1 from Centaurium erythraea
29

  in 

2011.  J.  P. C. Oliveira and co-werkers isolated 1 from 

Lecythis pisonis 
30

  in 2012. F. A. Hashem et al isolated 1 

from Mayodendron igneum
31

  in  2012.   B.  B. Cwynar et.al 

isolated 1 from Tripterygium wilfordii (thunder of god vine)
32

  

in 2014. M.  M. Rashid  et. al isolated 1 from Manilkara 

zapota
33

  in 2014. G. M.Corres et. al isolated 1 from the aerial 

part of Justicia acumina (acanthaceae) in 2014
34

.   H. S. 

Abbass  et. al isolated 1 from the the leaves of Ficus 

mysorensis 
35

   in 2015.   V. Soundararajan and co-workers 

isolated 1 from Pterocarpus santalinus
36

 (red-sandalwood) in 

https://www.naturalmedicinefacts.info/plant/helianthus-annuus.html
https://www.naturalmedicinefacts.info/plant/helianthus-annuus.html
https://www.naturalmedicinefacts.info/plant/acacia-senegal.html
https://www.naturalmedicinefacts.info/plant/coccinia-grandis.html
https://www.naturalmedicinefacts.info/plant/eucalyptus-globulus.html
https://www.naturalmedicinefacts.info/plant/olea-europaea-subsp-europaea.html
https://www.naturalmedicinefacts.info/plant/centaurium-erythraea.html
https://www.naturalmedicinefacts.info/plant/pterocarpus-santalinus.html


______________________________ _______Prayogik Rasayan                                                       
 

 DOI: 10.53023/p.rasayan-20201030 36  

 
Prayogik Rasayan 2020, 4(4), 35-41 

 

  

2016. F.  Ahmed et al isolated 1 from the leaves of 

Callistemon citrinus
37

 in 2016. F.  Pensec et al isolated 1 from 

Vitis vinifera
38

 (grape vine) in 2016.  N. Jan and co-workers 

isolated 1 from a flowering plant Calendula officinalis
39

 

(marigold) in 2017. W.  Osman et al isolated 1 from 

Tarconanthus camphorantus
40

  in 2019.  (Figure 1)  

  

 
 
 
   
 
 

 
 
3. Biological activity of erythrodiol 

 Erythrodiol (C30H50O2), a naturally 

occurring plant secondary metabolite has been shown to 

have many medicinal activities like anticancer, anti-tumor, 

anti-inflamatory, cardioprotective, hepatoprotective, 

gastroprotective, antiproliferative anti-microbal, wound 

healing, etc. Moreover, computational studies have also been 

carried out depicting the biological activities of erythrodiol. 

(Figure 2-5) 

 

 

Figure 1: Schematic presentation of various natural sources of erythrodiol  

https://www.naturalmedicinefacts.info/plant/calendula-officinalis.html
https://en.wikipedia.org/wiki/Vitis_vinifera
https://en.wikipedia.org/wiki/Vitis_vinifera
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Figure 3: Hepatic histological analyses in male Apoe-deficient mice fed the different diets. Representative liver 

micrographs at 400X magnification from consuming a Western diet (A) and consuming a 10 mg/kg erythrodiol-containing 

Western diet (B). Liver sections (4 m) from each mouse were stained with hematoxylin and eosin and blind evaluated. 

Bars denote 20 m. Morphometric changes of hepatic fat surface in mice consuming the different diets (C) where data are 

means SD for each group (n= 14 and n = 15, respectively for control and erythrodiol). Statistical analyses were done 

according to Mann–Whitney’s U-test. Adapted with permission from Int. J. Mol. Sci., 2020, 21, 7331, 

doi:10.3390/ijms21197331 

Figure 2: Erythrodiol induce morphological changes in the cytoskeleton.  Cells were treated with 

different doses of erythrodiol for 6 h. Then, cells were stained with FITC-phalloidin (green, b, e, h,) 

or anti-vimentin Ab (red, c, f, i) and visualized under a fluorescent microscope (660). Cells were 

seeded on standard conditions. Adapeted with permission from Reference 36 
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Figure 4. (A) Predicted binding poses with best induced fit score of  erythrodiol using docking studies, 

adapted with permission (J. Agric. Food Chem., 2016, 64, 4511−4521)  (B)  Docking studies showing 

diagram interaction of Erythrodiol with DPP-4 enzyme related to anti-diabetic properties, adapted with 

permission (Journal of Pharmaceutical Research International, 2017,  19(4), 1-12),   (C) Docking results 

of erythrodiol  for breast cancer activity, adapted with permission (2019 – 4th International Conference 

on Research in Life-Sciences & Healthcare (ICRLSH) . 
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3.1 Anticancer and anti-tumor activity 
Erythrodiol has been shown as a potent anti-

cancer and anti-tumor active molecule in many biological 

studies.
34,42,43,44,45,46,47

 H. Nishino and co-workers, in 1988 

demonstrated that  it has an inhibitory action against tumor 

promoter and shows remarkable suppressive effects on skin 

tumor formation in mice.
41

 Erythrodiol  also has been shown 

to have  apoptotic and anti-proliferative activity towards  

human 1321N1 astrocytoma cell line and  human MCF-7 

breast cancer cell lines as demonstrated by  M. E. Juan  et. 

al in the 2008
42

 and also by  Y. Allouche  et. al in the year 

2011.
43

 G. Yang et. al has shown erythrodiol posses high 

cytotoxicity against human SMMC-7721 hepatocarcinoma 

cell lines and human HO-8910 ovarian carcinoma cells in 

2009.
44

  S. R. Gedara  and co-werkers has reported that 

erythrodiol has antioxidant and cytotoxic activities against 

HEPG2 liver cancer cell lines
45

 in 2014. R. Martı´ et. al has 

shown that erythrodiol effectively affectes cell proliferation, 

cell cycle phases, induce astrocytoma cell death and a 

significant anticarcinogenic activity for the prevention and 

treatment of brain tumors and cancers.
46Error! Bookmark not defined.

 

(Figure 2) R. Abuobeid et. al in 2020 has shown that 

erythrodiol acts as a transcriptional modulator of hepatic 

gene expressions and a potential candidate to supress 

hepatocarcinoma into liver.
47

 (Figure 3)  O. B. Kazakova et. al 

in 2018, demonstrated that erythrodiol also posses apoptotic 

and anti-proliferative activity towards HT-29 human colon 

adenocarcinoma cells.
48

 E. F. Khusnutdinova et. al showed 

that the  derivatives of  erythrodiol has a potent anti-tumor 

activity against various types of lung cancer (HOP-62, NCI-

H23, NCI-H460 etc.), colon cancer (COLO 205, HCT-15, 

HT29, SW-620 etc.), breast cancer (MCF7, BT-549, MDA-

MB-468 etc.), ovarian cancer (OVCAR-3 , SK-OV-3, etc.) and  

prostate cancer cell lines in 2018.
49  

 

 

3.2 Anti- inflamatory  activity 
Inflammation is a critical symptom in many chronic 

diseases like arthritis, tumours, diabetes, obesity, and 

metabolic syndromes etc.  Damages caused by inflammation 

could be prevented with appropriate intake of dietary food 

supplements that possess anti-inflammatory activity. P. Shen 

et. al has demonstrated biotransformation of erythrodiol to 

have a significant nitric oxide (NO) inhibitory effect leading  to 

the development of anti-inflammatory activity in 2020.
50

 

 

3.3 Cardioprotective and vasorelaxant activity  
 There are many biological studies carried out by 

the scientific groups depicting the vasorelaxant and 

cardioprotective activities of erythrodiol.
51,52,53,54

 The ability of 

erythrodiol to protect the cardio-vascular system from cardiac 

hypertrophy has been demonstrated by R. Martı´n and co-

workers in 2012.
55

 Moreover, erythrodiol has the ability to 

increase the cholesterol efflux level and contribute to the 

cardiovascular benefits.  Moreover, during arterial thrombosis 

erythrodiol has been shown to inhibit platelet aggregation in a 

dose-dependent manner and thereby prevents 

cardiovascular injury as demonstrated by V. G. Kontogianni  

et. al in 2016.
56

  

 

 

Figure 5: Schematic presentation of biological activities of erythrodiol 
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3.4 Anti-proliferative and apoptotic activity 
There are many biological studies on the anti 

carcinogenic activities of erythrodiol but  its cell biological 

functions in minute details are very rare.  Biological studies 

carried out by M. E. Juan et. al on human colorectal 

carcinoma HT-29 cell lines, shows that erythrodiol has the 

effect on cell growth and apoptosis. The biological studies 

carried out with colon adenocarcinoma cells clearly depicts 

that erythrodiol exerts anti-proliferative and pro-apoptotic 

activity as demonstrated by M. E. Juan et. al in 2008.
57

 

Erythrodiol have also been shown to have anti-nociceptive 

effect as demonstrated by K. Kinoshita et. al in 1998.
58

   

 

4. Conclusion and Future Prospects 

 In this review we have reported various natural 
sources of the oleanane-type dihydroxy pentacyclic 
triterpenoid erythrodiol (C30H50O2). Moreover, various 
pharamacological and biological activities of the triterpenoid 
erythrodiol have been described. The nano-sized triterpenoid, 
erythrodiol having two hydroxyl groups (-OH) attached at the 
two opposite ends of the lipophilic triterpenoid moiety making 
it very useful for studying its self-assembly property for 
diversified applications in advanced materials, nano-
biotechnology, etc. 

5. Acknowledgement 

I thank Professor Braja Gopal Bag for encouragements, 

laboratory facilities and helpful discussions.  Vidyasagar 

University is acknowledged for infrastructural facilities. SKP 

thanks UGC BSR for providing research fellowship 

6. References 

                                                           
1.  A.  Eschenmoser, D.  Arigoni, Helv. Chim. Acta., 2005, 

88, 3011–3050. 
2.  P. P. Brahmkshatriya, P. S. Brahmkshatriya. ―Terpenes: 

chemistry, biological role, and therapeutic applications‖, 
in Natural Products, K. Ramawat, J. M. Merillon (Eds.), 
Springer, Berlin, Heidelberg (2013). 

3.  D. J. McGarvey, R. Croteau. The Plant Cell, 1995, 7, 
1015. 

4.  A. Eschenmoser, L. Ruzicka, O. Jeger, D. Arigoni, Helv. 
Chim. Acta., 1955, 38, 1890-1904. 

5.  B. G. Bag, A. C. Barai, S. N. Hasan, S. K. Panja, S. 
Ghorai, S. Patra, Pure  Appl. Chem., 2020, 567. 

6. B. G. Bag, R. Majumdar, Chem. Rec., 2017, 17, 
841−873. 

7.  B.G. Bag, C. Garai, R. Majumdar, M. Laguerre, Struct. 
Chem., 2012, 23, 393-398. 

8.  B. G. Bag, S. Das, S. N. Hasan, A. C. Barai, RSC Adv., 
2017, 7, 18136−18143. 

9.  B. G. Bag, R. Majumdar, RSC Adv., 2012, 2, 8623− 
8626. 

10.  N.  J. Walton, D. E. Brown, World Scientific, 1999   
11.  J.  E.  Orr,   L. M. Parks,   M. F. W. Dunker,   A. H. Ubl, 

J. Am. Pharm. Assoc., 1945, 34, 2, 39-42 
12. C.  Djerassi, R. M. McDonald and A. J. Lemin, J. Am. 

Chem. Soc., 1953, 75, 23, 5940–5942 
13.  K.  Strüby, W. Janiszowska, Z. Kaspryzk, 

Phytochemistry, 1972, 11, 1733-1736 
14. G.S. Saharia, M. Sharma, Indian Journal of Forestry,  

1981, 4,  63 

                                                                                        
15.  J. G. Tous, W. D. Pocklington and A. Hautfenne, Pure & 

AppL Chem., 1986, 58, 7, 1023—1034,  
16. T. Akihisa, Y.  Kimura, Y.  Kasahara, K. Kumaki, S.  

Thakur, T. Tamura, Phytochemistry, 1997, 46, 1261-
1266. 

17.   R. Mata , A. Rojas , L. Acevedo , S. Estrada, F. Calzada 
, I. Rojas , R. Bye , E. Linares, Planta Med, 1997, 63(1),  
31-35 

18.  G. G.Santos, J. C. N. Alves, J.  M. L. Rodilla, A. P. 
Duarte, A.  M. Lithgow, J. G.Urones,  Phytochemistry, 
1997, 44, 1309-1312 

19.  D. K. Kim, II Y. Nam, J. W. Kim, T. Y. Shin and J. P. Lim 
, Archives of Pharmacal Research, 2002,  25, 617  

20. N. Mukhtar, K. Iqbal, A. Malik, Chemical and 
Pharmaceutical Bulletin, 2002,  50, 12 ,1558-1560 

21.  A. Ohsaki, Y.  Imai, M.  Naruse, S. I.  Ayabe, K.  
Komiyama, J. Takashima, J Nat Prod, 2004, 67, 469-71. 

22. D. Smati, A. Longeon, M.  Guyot, Journal of 
Ethnopharmacology, 2004, 95, 2–3, 405-407 

23.  T. Akihisa, S. G. Franzblau, M. Ukiya, H. Okuda, F. 
Zhang, K. Yasukawa, T. Suzuki, Y.  Kimura, Biol Pharm 
Bull., 2005, 28, 158-60 

24.  F. Ullah, H. Hussain, J. Hussain, I. A. Bukhari, M. Tareq, 
H. Khan, M. I. Choudhary, A. H. Gilani and V. U. 
Ahmad, Phytother. Res., 2007,  21, 1076–1081  

25.  M.  Ahmad, N. Muhammad, M.  Ahmad, M. A. Lodhi, 
Mahajabeen, N. Jehan, Z.  Khan, R.  Ranjit, F.  
Shaheen and  M.  I.  Choudhary,  Journal of Enzyme 
Inhibition and Medicinal Chemistry, 2008,  23(3),  386–
390 

26.  M. E.  Juan, U. Wenzel, H.  Daniel,   J.  M. Planas, Mol. 
Nutr. Food Res., 2008, 52, 595- 599 

27.  A. Kumar, S. Lingadurai, A. Jain, and N. R. Barman, 
Pharmacogn Rev., 2010,  4, 147–152. 

28.  H. L.  Chen, K. W. Lin, A. M.  Huang, H. Y.  Tu, B. L.  
Wei, T. C.  Hour, M. H.  Yen, Y. S.  Pu, C. N.  Lin, J. 
Agric. Food Chem., 2010,  58, 3808-12 

29.  A. Aberham, V. Pieri, E. M. Croom , E. Ellmerer, H. 
Stuppner,  J Pharm Biomed Anal., 2011, 54, 517-25 

30.  J.  P. C. Oliveira, É.  Ferreira, K.  M.  Helena, G.  C. G. 
Militão, G.  Magela, V.  Júnior, A.  De, M. Costa, C, Do,  
Ó. Pessoa,  M.  O.  Moraes, L.  V. C. Lotufo,  Revista 
Brasileira de Pharmacognosia, 2012,  22,  1140-1144 

31.  F. A. Hashem, A.  E. Sengab, M. H. Shabana, and S. 
Khaled, Journal of Medicinally Active Plants, 2012, 1, 
88-97. 

32.  B.  B. Cwynar,  Mini-Reviews in Organic Chemistry, 
2014, 11 , 3 , DOI : 
10.2174/1570193X1103140915104755 

33.  M.  M. Rashid, M.  I.  Hossain, M. A. Osman, M. A. Aziz,  
M. R. Habib, M. R. Karim, Environmental and 
Experimental Biology , 2014, 12, 131–135 

34.  G. M. Correa, V. G. D. C. Abreu, D. A. D. A. Martins, J. 
A. Takahashi, H. D. S. Fontoura, D. C. Cara, D. P. 
Veloso, A. F. D. C. Alcantara, Int J Pharm Pharm Sci, 
2014, 6, 6, 75-81 

35.  H. S. Abbass, E. A. Ragab, A. E. S. Mohammed, A. A. 
El-Hela,  Journal of Pharmaceutical, Chemical and 
Biological Sciences,  2015,  3,  396-407 

36.  V. Soundararajan , World J Pharm Pharm Sci, 2016, 5, 
667-689 

37.  F.  Ahmed, M.  S.  Rahman, M.  A.  A.  Mansur and M.  
A. Rashid, Dhaka Univ. J. Pharm. Sci., 2016, 15, 1-5 

38.  F.  Pensec, A.  Szakiel, C.  Pączkowski, A.   Woźniak, 
M.   Grabarczyk, C.  Bertsch, M.  J. C. Fischer and J.  
Chon, Journal of Plant Research, 2016,  129, 499–512 

39.  N. Jan, K.  I. Andrabi, and R. John, Proc Indian Natn Sci 
Acad , 2017, 83 ,  769-787 



______________________________ _______Prayogik Rasayan                                                       
 

 DOI: 10.53023/p.rasayan-20201030 41  

 
Prayogik Rasayan 2020, 4(4), 35-41 

 

  

                                                                                        
40.  W.  Osman, M.  Ibrahim, M.  Adam, R.  Mothana, M.  

Mohammed, I. Abdoon, O.  Basudan, E. Garelnab, H. 
Mohamed, B.  Osman, S.  Ahmad, J Pharm Bioall Sci, 
2019, 11, 373-34-76  

41.  H. Nishino, A. Nishino, J. Takayasu, T. Hasegawa, A. 
Iwashima, K. Hirabayashi, S. Iwata, S. Shibata,  Cancer 
Res., 1988 , 48, 5210–5215 

42.  M. E. Juan, J. M. Planas, V. R. Gutierrez, H. Daniel, U. 
Wenzel,  Br J Nutr, 2008, 100, 36–43 

43. Y. Allouche, F. Warleta, M. Campos, C. S. Quesada, M. 
Uceda, G. Beltra´n, J. J. Gaforio, J Agric Food Chem, 
2011,  59, 121–130 

44. G. Yang, B. Chen, Z. Zhang, J. Gong, H. Bai, J. Li, Y. 
Wang, B. Li, Appl Biochem Biotechnol, 2009, 152, 353–
365 

45. S. R. Gedara, A. A. Galala, Nat Prod Res, 2014, 28, 
324–329 

46. R. Martı´n, E. Ibeas, J. C.Tavares, M. Herna´ndez, V. 

R.Gutierrez,M.L. Nieto, plosone, 2009, 
doi:10.1371/journal.pone.0005975.s001 

47.  R. Abuobeid , L. H. Marcos, M. A. Navarro , C. Arnal, R. 
M. Beamonte, J. Surra and J. Osada, Int. J. Mol. Sci., 
2020, 21, 7331 

48.  O. B. Kazakova, G. V. Giniyatullina, G. A. Tolstikov, I. P. 
Baikova, L. Zaprutko, and G. N. Apryshko,  Russian 
Journal of Bioorganic Chemistry, 2011, 37, 369–379. 

49.  E. F. Khusnutdinova, A. V. Petrova, G. N. Apryshko, O. 
S. Kukovinets, and O. B. Kazakova, Russian Journal of 
Bioorganic Chemistry, 2018, 44,  322–329 

50. P. Shen, W. Wang, S. Xu, Z.  Du,  W.  Wang, B.  Yu and 
J.  Zhang, J. Agric. Food Chem., 2020, 68, 21, 
5910−5916, DOI: 10.1021/acs.jafc.0c01420 

51.  R. R. Rodriguez, J. S. Perona, M. D. Herrera, V. R. 
Gutierrez, J Agric Food Chem, 2006, 54, 2096–2102 

52. R. R. Rodrı´guez, M. D. Herrera, J. S. Perona, V. R. 
Gutie´rrez, Br J Nutr, 2004, 92, 635–642 

53.  Y. Allouche, G. Beltran, J. J. Gaforio, M. Uceda, D. M. 
Mesa, Food Chem Toxicol, 2010, 48, 2885–2890 

54. J. L. Bonafonte, C. Arnal, M. Navarro, J. Osada, Mol 
Nutr Food Res, 2012, 56, 1043–1057  

55.  R. Martı´n, M. Herna´ndez, C. Co´rdova, M. L. Nieto, Br 
J Pharmacol, 2012,  166, 1708–1723 

56.  V. G. Kontogianni, M. E. Tsoumani, T. F. Kellici, T. 
Mavromoustakos, I. P. Gerothanassis, A. D. Tselepis, 
and A. G. Tzakos, J. Agric. Food Chem., 2016, 64, 
4511−4521 

57.  M. E.Juan, U. Wenzel, H. Daniel and J. M. Planas, Mol. 
Nutr. Food Res., 2008, 52, 595 – 599 

58. K. Kinoshita, M. Akiba, M. Saitoh, Y. Ye, K. Koyama, K. 
Takahashi, N. Kondo and H.Yuasa, Pharmaceutical 
Biology, 1998, 36, 50–57 


