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Elderberries have been known for thousands of years as having nutritional and healing properties. The phytotherapeutic
principles found in elderberry fruits give them antiviral, antibacterial and antidiabetic properties, antitumor potential,
antioxidant, antidepressant and immune boosting properties, as well as a certain impacts on obesity and metabolic
dysfunctions.
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| 1. Origin and History

Described as a medicinal plant since ancient times, the black elder (Sambucus nigra) is found in abundance in the
spontaneous flora (Figure 1).
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Figure 1. Elderberries found wildly grown.

Since ancient Egypt, there is evidence of the use of black elder for the treatment of many diseases, in various medicinal
formulas, as well as food . Various parts of the plant have been used over the years not only by the population of the
Mediterranean basin and surrounding regions 2Bl byt also by Native Americans . In the 5th century BC, data from
Hippocrates, Dioscoridis and Pliny described the use of drugs prepared from Sambucus nigra 2.

Germany has the largest production of elderberries in the world, followed by Austria. According to the German Federal
Statistical Office, elderberries production amounted to 1576 tons (580 ha) in 2013 and 1759 tons (583 ha) in 2015 €&, In
Austria, the total harvest of elderberries varied between 7.3 and 10.1 thousand tons between 2013 and 2015.



In the past, both the bark and the leaves, flowers, fruits and elder roots were used to make medicines. Although S. nigra is
not generally considered poisonous, isolated cases of poisoning in animals and man have been reported after eating the
bark, leaves, berries, roots and stems 2. Apart from flowers and ripe fruit, all parts of this shrub contain sambunigrin, a
poisonous cyanogenic glycoside, so they are no longer used as recognized remedies, except for those obtained from
elder flowers and ripe elderberries. Cyanogenic glycosides can be harmful to animals and humans when they are in
excess of 0.5 and 3.5 mg per kg/body. It is also known that it is possible to reduce high levels of cyanide during boiling,
fermentation and drying &,

| 2. Botanical Description

Sambucus nigra, known as black elder, is part of the Adoxaceae family, being a shrub of 3-8 m, with the appearance of a
bush, with a wide spread in the spontaneous flora of Europe, North Africa, Asia and America. It includes 20-30 varieties
and grows preferably in sunny places, on any type of soil and at various altitudes, still preferring alkaline soils.

In Eastern Europe, the distribution of the plant ends at about 55° E. The altitude limit depends on latitude (e.g., 900 m
a.s.l. in the Tatra Mountains and 2200 m a.s.l. in the Atlas Mountains).

Tutin et al. & describe this shrub as having arched, brownish-gray branches. The leaves are opposite, imparipinnate,
elliptical-lanceolate, with serrated, hairy edges. The flowers are small, white and are united in umbel-shaped
inflorescences, each flower having a calyx with five teeth, a corolla with five petals, five stamens with yellow anthers, an
ovary and three stigmas. The fruit is a bacciform, globose drupe, up to 6 mm in diameter, black and shiny. Each drupe
contains 3-5 seeds inside. Seed ripening is determined by average temperatures. Seeds below 7.2 °C cannot mature 19,

The black elder grows especially in soils rich in nitrogenous bases and rich in phosphates. High levels of phosphate,
potassium and mineralizable nitrogen have been observed in a number of soils in S. nigra sites [Z.

Sambucus nigra prefers alkaline soil, however, it is able to grow on another type of soil, even with a pH ranging from 4.2
to 8.02 (141,

| 3. Chemical Composition of Elderberries

The chemical composition of Sambucus nigra fruit is rich and depends on various factors, such as the variety, location,
ripening stage and climatic conditions (12,

The following nutritional and phytotherapeutic principles can be found in 100 g of fresh elderberries (Table 1):

Table 1. Nutritional and phytotherapeutic principles found in 100 g of fresh elderberries.

Phytotherapeutic Principle Quantity (%) [13] Quantity (%) [12]
Pectin 0.16
Total sugars (glucose and 75 7.86-11.5
fructose)
Total protein 2.7-2.9
Organic acids (citric acid, malic acid, shikimic acid, fumaric acid) 1.0-1.3
Total minerals 0.90-1.55
Quantity (mg) Quantity (mg)
Potassium 288-305 295-549
Phosphorus 73.5-134
Calcium 57-153
Magnesium 40-74
B2 vitamin 65
B6 vitamin 0.25

C vitamin 18-26
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Folic acid 17
Biotin 1.8
Beta-carotene 0.36
Pantothenic acid 0.18
Nicotinamide 1.48

In a meta-analysis published in an article 14, researchers can find data from existing studies on the chemical composition
of elderberries (Table 2):

Table 2. Chemical composition of elderberries.

Anthocyanis Proanthocyanide/Flavonols Phenolic Acids 22?;:": Vitamins  Sugars Lectine
Cyanidin-3-
sambubioside,
Chrysanthemin,
Cyanidin-3,5-
diglucoside, shikimic
Cyanidin-3- . . . .
.. Epicatechin, Rutin, acid,
sambubioside-5- . .
X Isoquercetin, Kaempferol-3- fumaric
glucoside, R A . . . SNA-IV
. O-rutinoside, Isorhamnetin- caffeoylquinic acid,
Antirrhinin, . . . . L (Sambucus
) . 3-O-rutinoside, Quercetin, acid, citric . . L.
Callistephin, . Ao L . ascorbic nigra agglutinin-
. . Astragalin, 5,7,3',4'-tetra-O- feruloylquinic acid, . fructose,
Tulipanin, . . . acid, V), SNA-V
. methylquercetin, acid, malic R sucrose
Pelargonidin-3- . T . - . retinol (Sambucus
L unidentified quercetin coumaroylquinic acid, . L
sambubioside, - : ; nigra agglutinin-
- acetylhexosides, acid tartric
Peonidin-3- . . . . V)
X unidentified quercetin acid,
glucoside, - X .
. hexoside pentosides valeric
Peonidin-3- acid
sambubioside,
Peonidin

monoglucuronide,
Chrysanthemin
monoglucuronide

Tejero et al. 12 show that Sambucus contains a humber of organic compounds that probably matter for their medicinal
properties. These include simple phenolic acids, including complex polyphenols flavonoids with anthocyanidins and
tannins being identified in particular. Major flavonoids present in elderberries are: quercetin-3-O-rutinoside, quercetin-3-O-
glucoside, kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside, isorhamnetin-3-O-glucoside and 5-O-caffeylquinic
acid. Two flavonol glycosides, Isorhamnetin-3-O-monoglycoside and quercetin-3-O-monoglycoside, have antiulcerogenic
activity. Among anthocyanidins, cyanidin-3-O-sambubiozides, cyanidin-3-sambubiozides-5-glucosides, cyanidin-3-O-
glucoside and cyanidin-3,5-diglucoside are the most abundant anthocyanins in S. nigra ripe fruit. Cyanidin-3-O-glucoside
has been shown to be an anticancer compound which inhibits cell growth 21,

Another special chemical compound found in Sambucus are ribosome-inactivating proteins (RIPs). RIPs are enzymes
with N-glycosidase activity on the large RNA of ribosome, preventing it from engaging in protein synthesis 12, RIPs split
adenine 4324 from the 28S rRNA of the large subunit of the rat ribosome or equivalent in other eukaryotes. This adenine
is located in a loop that is involved in the interaction of the ribosome with elongation factor 2. As a result, RIPs inhibit
ribosomes at the translocation step of translation. In addition, RIPs inactivate ribosomes from certain plants and bacteria.
In all these cases, the molecular mechanism of action is the same as in animal cells, namely depurination of ribosomes.
Elderberry RIPs also act on DNA and polynucleotides 121,

| 4. Biopharmaceutical Properties of Elderberries

Having in their composition such a great variety of flavones, isoflavones, flavanols, anthocyanins, phenolic acids, lectins
and, last but not least, vitamins, elderberries have demonstrated their healing qualities, presenting: antiviral activity L&I[7]
[18I19] potential to stimulate immunity 2921 antioxidant potential (22123124 antibacterial activity 221281 antitumor potential

(271 impact on obesity and metabolic dysfunction [23I28129]130] antidepressant potential B2 and antidiabetic properties
33]



In the current context of the COVID-19 pandemic, the most important biopharmaceutical property of elderberries is the
antiviral activity and the potential to stimulate immunity that the different bioactive components of these fruits have.

| cite from Harnett et al.: “Given the body of evidence from preclinical studies demonstrating the antiviral effects of S. nigra
berry, alongside the results from clinical studies involving influenza viral infections, pre-clinical research exploring the
potential effects of S. nigra berry on COVID-19 are encouraged” [24],

First of all, researchers are talking about flavonoids and polyphenolic components with antiviral, antimicrobial and
immune-stimulating effects, proven in numerous in vitro and in vivo studies LZ[2025][26][35][36][37](38]

Then, also in the component of elderberries, researchers find another extremely important group of components: SNA
(Sambucus nigra Agglutinin), which are lectins (SNA-IV and SNA-V) and ribosome-inactivating proteins (RIPS).

The elderberry lectins are now referred to as S. nigra agglutinins 1-V 32,

Ribosome-inactivating proteins (RIPs) and lectins are two types of proteins, which are believed to play a role in the plant
defense against phytophagous invertebrates and herbivorous animals. According to a recent definition, lectins are
considered as proteins which specifically and reversibly bind carbohydrates without altering their structure. A report on the
isolation and partial characterization of SNAV (formerly called nigrin b) demonstrated for the first time that elderberry
contains a type-2 RIP B9,

Type-2 RIPs have a more complex structure. They are built up of one, two or four units consisting of two disulphide-
bridge-linked, structurally and functionally different polypeptides, called the A and B chains. The A chain possesses N-
glycosidase activity and exhibits sequence similarity to the type-1 RIP, whereas the B chain is catalytically inactive but
exhibits a carbohydrate-binding activity comparable to that of lectins. Type-2 RIPs are fully capable of agglutinating cells
and/or precipitating glycocojugates and, therefore, are also considered as lectins. Since type-2 RIPs possess an enzymic
as well as a lectin activity, they are considered as chimaeric proteins 29,

These lectins have been shown not to be toxic in human cell models. In addition, it is very important to remember that,
while nonspecific RIPs found in other plants have high toxicity potential, very specific RIPs, which are found in S.

nigra fruits, have the potential to target specific cells and are therefore candidates that can act as therapeutic agents 12!
[39][40][41][42][43][44]

In addition to flavonoids, phenolic acids and SNA, S. nigra fruits contain peptic polysaccharides, which also appear to play
arole in the interaction between S. nigra and the human immune system by stimulating macrophages [21143],

| 5. Other Biological Activities
5.1. Antitumoral Activity

In addition to smoking and UV exposure, lifestyle such as diet, nutrition and physical activities have been shown to play a
significant role in many cancers. It is estimated that up to 50% of some cancers can be prevented, many of them through
lifestyle and diet changes, with the presence or absence of certain dietary components strongly associated with an
increased or low risk of developing cancers &1,

Due to the high content of anthocyanins, the elderberries are cited as having preventive potential, especially in the
cancers of the sphere of ENT, esophageal, stomach or colorectal &2, In addition, anthocyanins play a very important role
in cancer prevention because they are antioxidants and prevent angiogenesis, i.e., the formation in cancer cells of
capillary vessels providing the oxygen and nutrients needed for small tumors to grow and reproduce Z2.

Unfortunately, anthocyanins have poor bioavailability, often only 0.1% of the ingested amount being detectable in urine,
but fruit metabolites can be detected in urine, feces, blood and tissues. It is not yet fully understood why anthocyanins
have low bioavailability, and thus, this could be seen as a major limitation of the potential efficacy of fruit chemo preventive
interventions outside the gastrointestinal tract. However, because about 60% of ingested anthocyanins reach the colon
and come into direct contact with the gastrointestinal epithelium, it may explain why antocian-containing berries act as
protection against gastrointestinal cancer 24,

Potential anticancer actions in breast or prostate cancer are also cited, but the mechanism of action in these cases has
not yet been fully elucidated.



5.2. Metabolic Dysfunctions

Another important effect that elderberries have is that of regulating metabolic dysfunctions and, in particular, their use in
weight loss due to the content of anthocyanins and proanthocyanins (28],

5.3. Other Properties

A study in mice shows that long-term supplementation of the diet with elderberries produces hyperlipidemia but, at the
same time, reduces liver inflammation, improving HDL function and thus the stability of atherosclerotic plaque 2,

Recently, the anthocyanin-enriched diet has been shown to increase the antioxidant capacity of plasma 28 and HDL-
cholesterol BY. These pigments are, in fact, incorporated into the membranes and intracellular fluid of vascular endothelial
cells, conferring significant effects against oxidative stress in vitro [24],

Anthocyanidins appear to have vasoprotective 48] and neuroprotective effects [21. The latter is supported by a prospective
study, which indicates that fruit and vegetable juices may delay the onset of Alzheimer's disease E2.

References

1. Ulbricht, C.; Basch, E.; Cheung, L.; Goldberg, H.; Hammerness, P.; Isaac, R.; Khalsa, K.P.S.; Romm, A.; Rychlik, I.;
Varghese, M.; et al. An evidence-based systematic review of elderberry and elderflower (Sambucus nigra) by the
Natural Standard Research Collaboration. J. Diet. Suppl. 2014, 11, 80-120.

2. Agusti, M. Libre Dels Secrets de Agricultura, Casa Rustica y Pastoril, Facsimile edition, 1988th ed.; Alta Fulla; Esteve
Liberés: Barcelona, Spain, 1617.

3. Vallgs, J.; Bonet, M.A_; Agelet, A. Ethnobotany of Sambucus nigra L. in Catalonia (Iberian Peninsula): The integral
exploitation of a natural resource in mountain regions. Econ. Bot. 2004, 58, 456—-469.

4. Jari¢, S.; Popovi¢, Z.; Macukanovi¢-Joci¢, M.; Djurdjevi¢, L.; Mitrovi¢, M.; Karadzi¢, B.; Pavlovi¢, P. An ethnobotanical
study on the usage of wild medicinal herbs from Kopaonik Mountain (Central Serbia). J. Ethnopharmacol. 2007, 111,
160-175.

5. Morag, A.M.; Mumcuoglu, M.; Baybikov, T.; Schelsinger, M.; Zakay-Rones, Z. Inhibition of sensitive and acyclovir-
resistant HSV-1 strains by an elderberry extract in vitro. Xth International Congress of Virology Jerusalem, Israel; 11—
16 August 1996. Z. Phytother. 1997, 25, 97-98.

6. DStatisObst. Gemiise, Gartenbau; Statistisches Bundesamt: Wiesbaden, Germany, 2016.
7. Atkinson, M.D.; Atkinson, E. Sambucus nigra L. Biological flora of the British Isles. J. Ecol. 2002, 90, 895-923.

8. Skidmore-Roth, L. Handbook of Herbs and Natural Supplements, 3rd ed.; Mosby: St. Louis, MO, USA, 2005; pp. 365—
369.

9. Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Valentine, D.H.; Moore, D.M.; Ball, P.W.; Chater, A.O.; Walters, S.M.;
DeFilipps, R.A.; Webb, D.A.; et al. Flora Europaea; Cambridge University Press: Cambridge, UK, 1976.

10. Lennon, J.J.; Turner, J.R. Predicting the spatial distribution of climate: Temperature in Great Britain. J. Anim. Ecol.
1995, 64, 370.

11. Charlebois, D.; Byers, P.L.; Finn, C.E.; Thomas, A.L. Elderberry: Botany, Horticulture, Potential. Hortic. Rev. 2010, 37,
213-280.

12. Miynarczyk, K.; Walkowiak-Tomczak, D.; Lysiak, G.P. Bioactive properties of Sambucus nigra L. as a functional
ingredient for food and pharmaceutical industry. J. Funct. Foods 2018, 40, 377-390.

13. Divis, P.; Porizka, J.; Vespalcova, M.; Matejicek, A.; Kaplan, J. Elemental composition of fruits from different black elder
(Sambucus nigra L.) cultivars grown in The Czech Republic. J. Elem. 2015, 20, 549-557.

14. Porter, R.S.; Bode, R.F. A Review of the Antiviral Properties of Black Elder (Sambucus nigra L.) Products. Phytother.
Res. 2017, 31, 533-554.

15. Tejero, J.; Jiménez, P.; Quinto, E.J.; Cordoba-Diaz, D.; Garrosa, M.; Cordoba-Diaz, M.; Gayoso, M.J.; Girbés, T.
Elderberries: A source of ribosome-inactivating proteins with lectin activity. Molecules 2015, 20, 2364—2387.

16. Bartak, M.; Lange, A.; Stonska, A.; Cymerys, J. Antiviral and healing potential of Sambucus nigra extracts. Bionatura
2020, 5, 1264-1270.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Nagai, T.; Miyaichi, Y.; Tomimori, T.; Suzuki, Y.; Yamada, H. Inhibition of influenza virus sialidase and anti-influenza
virus activity by plant flavonoids. Chem. Pharm. Bull. 1990, 38, 1329-1332.

Denaro, M.; Smeriglio, A.; Barreca, D.; De Francesco, C.; Occhiuto, C.; Milano, G.; Trombetta, D. Antiviral activity of
plants and their isolated bioactive compounds: An update. Phytother. Res. 2020, 34, 742—768.

Akram, M.; Tahir, I.M.; Shah, S.M.A.; Mahmood, Z.; Altaf, A.; Ahmad, K.; Munir, N.; Daniyal, M.; Nasir, S.; Mehboob, H.
Antiviral potential of medicinal plants against HIV, HSV, influenza, hepatitis, and coxsackievirus: A systematic review.
Phytother. Res. 2018, 32, 811-822.

Middleton, E., Jr.; Kandaswami, C. Effects of flavonoids on immune and inflammatory cell functions. Biochem.
Pharmacol. 1992, 43, 1167-1179.

Ho, G.T.; Ahmed, A.; Zou, Y.F,; Aslaksen, T.H.; Wangensteen, G.; Barsett, H. Structure—Activity relationship of
immunomodlating pectings from elderberries. Carbohydr. Polym. 2015, 125, 314-322.

Christensen, L.P.; Kaack, K.; Fretté, X.C. Selection of elderberry (Sambucus nigra L.) genotypes best suited for the
preparation of elderflower extracts rich in flavonoids and phenolic acids. Eur. Food Res. Technol. 2008, 227, 293-305.

Crujeiras, A.B.; Parra, M.D.; Rodriguez, M.C.; de Morentin, B.E.M.; Martinez, J.A. A role for fruit content in energy-
restricted diets in improving antioxidant status in obese women during weight loss. Nutrition 2006, 22, 593-599.

Youdim, K.A.; Martin, A.; Joseph, J.A. Incorporation of the elderberry anthocyanins by endothelial cells increases
protection against oxidative stress. Free Radic. Biol. Med. 2000, 29, 51-60.

Hernandez, N.E.; Tereschuk, M.L.; Abdala, L.R. Antimicrobial activity of flavonoids in medicinal plants from Tafi del
Valle (Tucuman, Argentina). J. Ethnopharmacol. 2000, 73, 317-322.

Choi, O.; Yahiro, K.; Morinaga, N.; Miyazaki, M.; Noda, M. Inhibitory effects of various plant polyphenols on the toxicity
of Staphylococcal a-toxin. Microb. Pathog. 2007, 42, 215-224.

May, S.; Parry, C.; Parry, L. Berry chemoprevention: Do berries decrease the window of opportunity for tumorigenesis.
Food Front. 2020, 1, 260-275.

Chrubasik, C.; Maier, T.; Dawid, C.; Torda, T.; Schieber, A.; Hofmann, T.; Chrubasik, S. An observational study and
quantification of the actives in a supplement with Sambucus nigra and Asparagus officinalis used for weight reduction.
Phytother. Res. 2008, 22, 913-918.

Millar, C.L.; Norris, G.H.; Jiang, C.; Kry, J.; Vitols, A.; Garcia, C.; Park, Y.K.; Lee, J.Y.; Blesso, C.N. Long-Term
Supplementation of Black Elderberries Promotes Hyperlipidemia, but Reduces Liver Inflammation and Improves HDL
Function and Atherosclerotic Plaque Stability in Apolipoprotein E-Knockout Mice. Mol. Nutr. Food Res. 2018, 62,
€1800404.

Ruel, G.; Pomerleau, S.; Couture, P.; Lemieux, S.; Lamarche, B.; Couillard, C. Favourable impact of low-calorie
cranberry juice consumption on plasma HDL-cholesterol concentrations in men. Br. J. Nutr. 2006, 96, 357-364.

Kang, T.H.; Hur, J.Y.; Kim, H.B.; Ryu, J.H.; Kim, S.Y. Neuroprotective effects of the cyanidin-3-O-beta-
Dglucopyranoside isolated from mulberry fruit against cerebral ischemia. Neurosci. Lett. 2006, 391, 122-126.

Dai, Q.; Borenstein, A.R.; Wu, Y.; Jackson, J.C.; Larson, E.B. Fruit and vegetable juices and Alzheimer’s disease: The
Kame Project. Am. J. Med. 2006, 119, 751-759.

Opris, R.; Tatomir, C.; Olteanu, D.; Moldovan, R.; Moldovan, B.; David, L.; Nagy, A.; Decea, N.; Kiss, M.L.; Filip, G.A.
The effect of Sambucus nigra L. extract and phytosinthesized gold nanoparticles on diabetic rats. Colloids Surf. B
Biointerfaces 2017, 150, 192—-200.

Harnett, J.; Oakes, K.; Caré, J.; Leach, M.; Brown, D.; Cramer, H.; Pinder, T.-A.; Steel, A.; Anheyer, D. The effects of
Sambucus nigra berry on acute respiratory viral infections: A rapid review of clinical studies. Adv. Integr. Med. 2020, 7,
240-246.

Amoros, M.; Simds, C.M.O.; Girre, L.; Sauvager, F.; Cormier, M. Synergistic effect of flavones and flavonols against
herpes simplex virus type 1 in cell culture. comparison with the antiviral activity of propolis. J. Nat. Prod. 1992, 55,
1732-1740.

Mahmood, N.; Pizza, C.; Aquino, R.; De Tommasi, N.; Piacente, S.; Colman, S.; Burke, A.; Hay, A.J. Inhibition of HIV
infection by flavanoids. Antivir. Res. 1993, 22, 189-199.

Gonzalez-Segovia, R.; Quintanar, J.L.; Salinas, E.; Ceballos-Salazar, R.; Aviles-Jiménez, F.; Torres-L6pez, J. Effect of
the flavonoid quercetin on inflammation and lipid peroxidation induced by Helicobacter pylori in gastric mucosa of
guinea pig. J. Gastroenterol. 2008, 43, 441-447.

Oh, D.R.; Kim, J.R.; Kim, Y.R. Genistein inhibits Vibrio vulnificus adhesion and cytotoxicity to HeLa cells. Arch. Pharm.
Res. 2010, 33, 787-792.



39.

40.

41.

42.

43.

44,

45.

46.

Girbes, T.; Citores, L.; De Benito, F.M.; Inglesias, R.; Ferreras, J.M. A non-toxic two-chain ribosome-inactivating protein
co-exists with a structure-related monomeric lectin (SNA Il1) in elder (Sambucus nigra) fruits. Biochem. J. 1996, 315,
343-344.

van Damme, E.J.; Barre, A.; Rougé, P.; Van Leuven, F.; Peumans, W.J. Characterization and molecular cloning of
Sambucus nigra agglutinin V (nigrin b), a GalNAc-specific type-2 ribosome-inactivating protein from the bark of
elderberry (Sambucus nigra). Eur. J. Biochem. 1996, 237, 505-513.

Citores, L.; De Benito, F.M.; Iglesias, R.; Ferreras, J.M.; Jiménez, P.; Arglieso, P.; Farias, G.; Méndez, E.; Girbés, T.
Isolation and characterization of a new non-toxic two-chain ribosomeinactivating protein from fruits of elder (Sambucus
nigra L.). J. Exp. Bot. 1996, 47, 1577-1585.

van Damme, E.J.; Roy, S.; Barre, A.; Rouge, P.; van Leuven, F.; Peumans, W.J. The major elderberry (Sambucus
nigra) fruit protein is a lectin derived from a truncated type 2 ribosomeinactivating protein. Plant J. 1997, 12, 1251~
1260.

Girbes, T.; Ferreras, J.M.; Arias, F.J.; Mufioz, R.; Iglesias, R.; Jimenez, P.; Rojo, M.A.; Arias, Y.; Perez, Y.; Benitez, J.; et
al. Non-toxic type 2 ribosome-inactivating proteins (RIPs) from Sambucus: Occurrence, cellular and molecular activities
and potential uses. Cell. Mol. Biol. (Noisy-le-Grand) 2003, 49, 537-545.

Stirpe, F.; Battelli, M.G. Ribosome-inactivating proteins: Progress and problems. Cell Mol. Life Sci. 2006, 63, 1850—
1866.

Ho, G.T.T; Zou, Y.-F.; Aslaksen, T.H.; Wangensteen, H.; Barsett, H. Structural characterization of bioactive pectic
polysaccharides from elderflowers (Sambuci flos). Carbohydr. Polym. 2016, 135, 128-137.

Bell, D.R.; Gochenaur, K.E. Direct vasoactive and vasoprotective properties of anthocyanin-rich extracts. J. Appl.
Physiol. 2006, 100, 1164-1170.

Retrieved from https://encyclopedia.pub/entry/history/show/50446



