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Abstract: Quercetin is one of the most common polyphenol worldwide, named after the oak forest – 
quercetum. It is considered one of the most powerful antioxidants due to its five phenolic groups, respectively, 
the ɣ-pyrone cycle. This flavonoid and its glycosylated derivatives, such as rutoside, hyperoside, quercitrin, 
and iso-quercitrin, are also present in the extracts obtained from the buds and young shoots of different 
species, extracts that are therapeutic tools for the new branch of phytotherapy named gemmotherapy or 
meristem-therapy. In the pandemic context the quercetin and its derivatives were successfully used to improve 
the side/late effects of SARS-CoV-2 infection. Our study involved the extracts from buds of hazel (Corylus 
avellana), sweet chestnut (Castanea sativa), and the young shoots from honeysuckle (Lonicera nigra), dog-
rose (Rosa canina), lingonberry (Vaccinium vitis-idaea), and European blackberry (Rubus fruticosus). 
Quercetin and its derivatives were identified and quantified by the HPLC method. The total flavonoids were 
determined by the spectral method. The highest quercetin-containing gemmotherapy extracts were obtained 
from the sweet chestnut and hazel buds, respectively, from Honeysuckle and Lingonberry young shoots. Due 
to their rich quercetin content, these extracts were proposed for the complementary treatment of SARS-CoV-
2 infections and post-COVID symptoms. 
 
Keywords: quercetin; gemmotherapy extracts; Hazel buds; Sweet chestnut buds; Honeysuckle young shoots; 
Lingonberry young shoots; SarsCov-2 infection. 

 
INTRODUCTION 

Quercetin is an important flavonol, from the 

flavonoid class, being a polyphenol known since 1857, 

when its name was given after the Latin term for oak 

forest, quercetum. Since then, it is one of the most 

studied flavonoids, being widespread in all vegetal 

kingdom, from leaves to fruits, seeds, etc. (Kim et al., 

2018; D’Andrea, 2015). 

In time, the studies proved this flavonoid has 

important therapeutic value, as polyphenols possess 

high antioxidant potential, which is achieved by 

different mechanisms of action. Quercetin can be 

oxidised by free radicals, stabilising the ROS and RNS, 

resulting in reduced radical reactivity. The same 

flavonoid aglycone, quercetin, inhibits the activity of 

xanthine oxidase, a major source of active free oxygen 

radicals in ischemic conditions. The free oxygen 

radicals released by leucocyte immobilisation by 

adhering to the endothelial wall can be scavenged by 

quercetin and thus reduce the tissue damage, but also the 

inflammation and mast cell degranulation. The 

antioxidant effect of quercetin is also determined by its 

iron-chelating and iron-stabilising properties (Kim et 

al., 2018; Nijveldt et al., 2001). Quercetin prevents lipid 

peroxidation, at the same time enhancing the expression 

and the level of endogenous antioxidant enzymes, like 

glutathione transferase, aldo-keto reductase, and 

superoxide dismutase (D’Andrea, 2015; Batiha et al., 

2020; Dengyu et al., 2020).  

Due to its antioxidant potential, quercetin has 

beneficial effects on different systems and organ 

systems of the body. It reduces the oxidative stress 

induced in diabetes mellitus, in cancer, at the 

endothelium level, and has antiaging and 

hepatoprotective effects (Kim et al., 2018; D’Andrea, 

2015; Nijveldt et al., 2001; Batiha et al., 2020; Dengyu 

et al., 2020). 

Quercetin, with its high antioxidant potential, also 

presents anti-inflammatory, cardioprotective, and 

neuroprotective effects (David et al., 2016). In vitro 

studies on human hepatocyte-derived cell line 

demonstrated that this flavonoid significantly reduces 

the NO synthase, COX-2, and C-reactive protein levels, 

showing an anti-inflammatory effect. It inhibits platelet 

aggregation and, through its antioxidant and NO-

reducing action, it also exhibits vasorelaxant properties. 

At a nervous system level, it protects the neurons against 

the neurotoxins' negative effects and limits 

neurodegeneration (David et al., 2016). 

The same quercetin was also claimed to be 

responsible for antiviral and antimicrobial effects. 

Formulation with quercetin has been demonstrated to be 
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potent against hepatitis C, influenza-A, and other 

specific viruses that attack the respiratory system 

(Weinjiao et al., 2016; Qiu et al., 2016). Quercetin fights 

against infections with E. coli, Salmonella enterica, and 

Listeria monocytogenes, exhibiting bacteriostatic effect 

(Maalik et al., 2014), and promotes immunity by direct 

regulation of basic functional properties of immune cells 

(Li et al., 2016).  

Quercetin has low bioavailability because of low 

absorption, rapid metabolism and elimination, but its 

glycosides are better absorbed due to the sugar moieties. 

These glycosides are hydrolysed by the intestinal 

bacteria to quercetin, which is absorbed at this level or 

is transformed into different phenolic compounds with 

different biological activities (Li et al., 2016). The 

studies have demonstrated that rutoside, iso-quercetin, 

and quercitrin have better absorption and bioavailability 

than the quercetin aglycone, exhibiting in the body the 

biological effects of the aglycone (Li et al., 2016; 

Kasikci et al., 2016; Almeida et al., 2018; Li et al., 

2021). 

Quercetin was recently involved as a potential 

therapeutic tool in the prevention and improvement of 

different symptoms occurring during and after SARS-

CoV-2 infections. A clinical trial performed in Italy 

shows that the patients treated with a quercetin 

preparation pass easier and more rapid through the 

infection, shortening the time of conversion of tests from 

positive to negative and, at the same time, reducing the 

severity of symptoms (Di Pierro et al., 2021; Aucoin et 

al., 2020). These positive results can be due to the 

quercetin anti-inflammatory effect by inhibition of 

NLRP3 inflammasome regulators: TXNIP, SIRT1, and 

NRF2 (Saeedi-Boroujeni et al., 2021). But also, other 

mechanisms of action are involved in the success of 

quercetin in the fight against the COVID-19 pandemic. 

Quercetin was demonstrated to be a potent NRF2 

agonist that reduce or inhibit the replication of 

coronavirus into the lung cells, inhibits the entry of 

virion into the host cell, has antiaggregant effect by 

inhibiting the plasma protein disulfide isomerase and, 

last but not least, inhibits the pro-inflammatory signals 

of pathways activated by nuclear factor kappa B (NF-

kB) and interleukin-6 (IL-6) (Manjunath et al., 2021). 

Other studies reveal that quercetin blocks like a key the 

ACE2 receptors involved in the virus entrance 

mechanism into the host cells (Jain et al., 2020). A more 

potent antiviral effect seems to be associated the 

quercetin when it is administered with vitamin C 

(Colunga Biancatelli et al., 2020). 

All these results regarding quercetin and its 

derivatives indicate the high value of their natural 

sources. This was the aim for which we have screened 

several special extracts from trees and shrubs' buds, and 

young shoots to evaluate from the point of view of the 

content in quercetin and its derivatives.       

Gemmotherapy is the name of a new branch of 

phytotherapy that uses just those parts of plants that 

contain mainly undifferentiated, meristematic tissues, 

with a higher therapeutic potential due to the different 

phytochemical profile in comparison with adult parts of 

plants used by classical phytotherapy. The extracts used 

in gemmotherapy are obtained from fresh buds and 

young shoots, harvested at a very well-defined time of 

their development for an optimal biological effect that is 

at a deep, molecular level, but is also mild and natural. 

These young parts of plants are rich in primary 

metabolites, but also in secondary ones and mainly in 

polyphenols (Pitera et al., 2018; Ledoux et al., 2014; 

Tetau, 1998). 

The goal of this study was to demonstrate that 

gemmotherapy extracts used to improve the symptoms 

of different respiratory system diseases contain 

quercetin and quercetin derivatives, which can be 

valuable in the convalescence or prevention of 

complications in SARS-CoV-2 infections. 

 

MATERIALS AND METHODS 
Vegetal material and the preparation of 
gemmotherapy extracts taken into study 

In this study, we used extracts prepared by 

PlantExtrakt Ltd., Rădaia, Cluj, Romania 

(www.plantextrakt.ro; contact@plantextrakt.ro). We 

used the extracts from hazel and sweet chestnut buds, 

respectively, from honeysuckle, dog rose, lingonberry, 

and blackberry young shoots. Except for the sweet 

chestnut, all other vegetal materials were harvested from 

the wild flora of the mountains near Cluj, Romania, from 

February to June 2020. The sweet chestnut buds were 

collected from a culture situated in a protected area in 

Cluj County in April 2020. From all vegetal materials, 

samples were taken for identification, performed at the 

PlantExtrakt company quality control laboratory. For 

each species, voucher specimens were retained in the 

company’s herbarium. 

The extracts were prepared according to the French 

and European Pharmacopoeias in a mixture of 96 % vol. 

ethanol and 100 % glycerol (1:1) (French 

Pharmacopoeia, 11th ed., 2020; European 

Pharmacopoeia, 10th ed., 2021). The vegetal raw 

material was processed in a fresh state, after being cut, 

mixed with the solvent using a ratio of 1:20, plant 

material – solvent. The extraction was performed by 

cold maceration, by mixing periodically the mixture of 

plant material with the solvent. After 20 days, the liquid 

was decantated, and the plant material was pressed at a 

maximum of 400 atm. The extraction liquids were 

mixed, and these final solutions represent the 

gemmotherapy extracts. 

The solvents used for extraction are of 

pharmaceutical grade, purchased from SC Coman Prod 

SRL, Ilfov, Romania, and Spiga Nord, Italy. The 

collection of the plant materials was made according to 

the Good Agricultural Practices for Collection, taking 

into consideration the preservation of biodiversity and 

Eco certification Ro-008.  

 

Determination of total flavonoids by UV-Vis 
spectrophotometry 

The determination of total flavonoids was performed 

according to Romanian Pharmacopoeia, 10th ed., 1993. 

The determinations were performed on a Cintra 101 

spectrophotometer (GBC, Australia). To 1 ml aliquots 

of each extract were added 3 ml of 2.5 % aluminium 

chloride solution and 5 ml 10 % sodium acetate solution. 

The mixtures were diluted to 25 ml with methanol. The 
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blank solutions were prepared identically using 8 ml of 

water in place of the aluminium chloride and sodium 

acetate solutions. In the same manner were prepared also 

the standard solutions containing 2-25 μg/ml quercetin. 

These solutions were used to build the calibration curve 

that has a correlation factor of 0.9997 and a limit of 

quantification of 1.47 μg/ml. All determinations were 

performed in triplicate, and Excel software from 

Microsoft Office was used for data statistics. All 

reagents were of analytical grade, purchased from 

Merck, Germany. The standard quercetin was obtained 

from Phytolab, Germany. 

 

Determination of quercetin and its derivatives 
by HPLC 

The determination of individual flavonoids was 

performed by liquid chromatography using a Shimadzu 

Nexera-I HPLC apparatus. The separation was carried 

out on a Luna C18, silicagel-C18 150 x 4.6 mm x 3 µm 

column using gradient elution with a mixture of 0.1 % 

formic acid solution with pH corrected to 2.5 and 

methanol. The composition of the mobile phase varies 

from 5 % methanol to 25 % in the first 3 minutes, then 

to 37 % until the minute 9, to 54 % until the 18th minute, 

and to 95 % until the 26th minute. The composition of 

the mobile phase was maintained for 4 minutes and then 

reached 5 % methanol until the end of analysis (minute 

35th). The separation was performed using a flow rate of 

0.5 ml/minute. From each extract, diluted 1 to 10 with 

methanol, 10 μl was injected. For detection, a DAD 

spectrophotometer was employed that recorded all data 

in the range of 190-660 nm. The chromatogram for 

flavonoids identification and quantification was 

recorded at 360 nm. As standards were used quercetin, 

hyperoside, rutoside, and quercitrin. The calibration 

curves data for all these flavonoids are presented in 

Table 1. All determinations were performed in triplicate, 

and data were analysed using Excel software from the 

Microsoft Office package (Criste et al., 2020). All 

solvents were of HPLC grade, purchased from Merck, 

Germany, and the standards from Phytolab, Germany. 

 
Table 1.  

Data of calibration curves 
  

Standard 
Concentration 
range, ug/ml 

Calibration curve equation 
Correlation 

factor R2 

Detection 
limit, ug/ml 

Quantification limit, 
ug/ml 

Quercetin 90-650 A = 35376*c-95138 0.9995 10.8 16.1 
Quercitrin 40-330 A = 30871*c-229685 0.9948 22.3 37.2 

Hyperoside 60-510 A = 35253*c-185515 09979 10.5 21.0 
Rutoside 60-510 A = 34187*c+67369 0.9985 2 7.9 

 
RESULTS AND DISCUSSIONS 

The chromatograms of the extracts recorded at 360 

nm are presented in Figures 1 and 2. It can be observed 

that the presence of quercetin in all extracts is 

accompanied by different derivatives of it. The rutoside 

could be identified in all extracts except the honeysuckle 

young shoots extract. This extract contains quercitrin. 

The hyperosid was present in hazel buds and 

lingonberry young shoots extracts. The identification 

was based on the comparison of retention times and UV-

Vis spectra shape and maximum absorbances between 

standards and the compounds separated from the 

extracts. 

Generally, the content of quercetin derivatives in the 

studied extracts is higher than in quercetin. The 

quantification data are presented in Table 2.  

 
Table 2.  

Quantification results 
 

Extract from 
Quercetin, 

ug/ml 
Rutoside, ug/ml 

Hyperoside, 
ug/ml 

Quercitrin, 
ug/ml 

Total flavonoids 
expressed in 

quercetin, mg/ml 

Hazel buds 31.83 ±0.015 10.15 ±0.005 121.30 ±0.084 - 0.44±0.032 
Sweet chestnut buds 54.24 ±0.027 62.85 ±0.047 - - 0.33±0.028 

Honeysuckle young shoots 34.15 ±0.010 - - 223.65 ±0.067 0.34±0.015 
Dog rose young shoots 30.11 ±0.019 83.94 ±0.075 - - 0.81±0.081 

Lingonberry young shoots 48.52 ±0.008 3.22±0.002 183.90 ±0.099  0.68±0.051 
Blackberry young shoots 30.67 ±0.012 < 7.90 - - 0.20±0.017 

Note: Values represent the mean ± standard deviations of three independent measurements. 
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Fig. 1. The HPLC chromatograms of the buds’ extracts obtained from (a) hazel; (b) sweet chestnut. 1 = rutoside (17.4 
min; 257 and 356 nm); 2 = hyperoside (17.7 min; 256 and 356 nm); 3 = quercetin (22 min; 255 and 371 nm). 

 

 

 

  
Fig. 2. The HPLC chromatograms of the young shoots’ extracts obtained from (a) honeysuckle; (b) dog-rose; (c) 
lingonberry; (d) blackberry. 1 = quercitrin (14.2 min; 257 and 350 nm); 2 = rutoside (17.4 min; 257 and 356 nm); 3 = 
hyperoside (17.7 min; 256 and 356 nm); 4 = quercetin (22 min; 255 and 371 nm) 

 

The results show that the highest content of quercetin 

is in the sweet chestnut buds’ extract, even if this extract 

has a relatively low total flavonoid content. This 

gemmotherapic extract also contains rutoside in a 

slightly higher amount. The dog rose young shoots 

extract has the highest content in total flavonoids, but 

from these, the quercetin and rutoside represent only 15 

%. A relatively high amount of flavonoids and quercetin 

is found in the lingonberry young shoots gemmotherapic 

extract. If we calculate the percentage of quercetin from 

the total flavonoids amount, we can see that the richest 

extracts in these compounds are the sweet chestnut 

(16.20 %) and blackberry young shoots extracts (15.66 

%). Medium-rich in quercetin are the honeysuckle 

young shoots (9.95 %) and hazel buds (7.20 %) 

gemmotherapic extracts.  

The scientific literature is very poor in regards to the 

phytochemical composition of gemmotherapic extracts 

that have been used more frequently in the last 40 years. 

For this reason, it is very difficult to compare our results 

with those of other studies. The results obtained from the 

analysis of these specific extracts are reported here for 

the first time, according to a comprehensive review of 

relevant scientific databases. Notwithstanding this fact, 

an effort is made to compare these results with those 

obtained for leaves or other plant materials from the 

studied species. 
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The hazel buds are rich in quercetin-derived 

flavonoids; from the total flavonoid content, 37.1 % is 

represented by quercetin, rutoside and hyperoside. A 

study on the valorisation of Corylus avellana husks, a 

waste from the food industry, underlined that this waste 

is rich in polyphenols, with identified flavonoids 

including derivatives of quercetin, kaempferol, and 

luteolin (Cabo et al., 2021). Amaral et al. (2005) have 

found in the leaves of different Corylus avellana 

cultivars from Portugal quercetin, myricetin, and 

kaempferol derivatives.  

From all studied gemmotherapy extracts, those 

obtained from sweet chestnut buds proved to have the 

highest quercetin level, 35,5 % of total flavonoids are 

represented by quercetin and its derivative, rutoside. The 

sweet chestnuts have edible seeds processed in the food 

industry, resulting in a lot of waste that has been shown 

to be rich in polyphenols, mainly in quercetin and 

myricetin-glycosides from the flavonoid class. These 

polyphenols exhibit good antioxidant and antimicrobial 

activities (Silva et al., 2020). 

The Lonicera species were intensively studied from 

the beginning of the COVID-19 pandemic, given their 

potential antiviral effect. The Lonicera nigra buds’ 

extract is rich in quercitrin and contains a significant 

quantity of free quercetin, with 75.8 % of the total 

flavonoid content of this extract represented by 

quercetin and quercitrin. Unfortunately, the studies on 

Lonicera nigra, and especially on its young shoots, are 

scarce. A group of researchers from the Czech Republic 

has studied the Lonicera edulis edible fruits and 

identified quercetin and quercitrin along with rutoside 

and other polyphenols (Sochor et al., 2014). 

The dog rose is a well-known medicinal species, a 

rich source of vitamin C, but its young shoots are 

understudied. The hips of Rosa canina are rich in 

rutoside and hyperoside; meanwhile, the leaves are not 

as rich in flavonoids as other Rosa species studied by 

D’Angiolillo et al. (2018), respectively by Kerasioti et 

al. (2019). A study aimed to explore the Rosa canina 

young shoots extract antimicrobial activity presents that 

this extract is rich in polyphenols, mainly in flavonoids, 

presenting quercetin and its derivatives: hyperoside, iso-

quercetin, rutoside, and quercitrin (Orodan et al., 2016). 

Our study revealed the presence in the dog rose 

gemmotherapic extract of quercetin and rutoside, 

accounting for 14 % of the total flavonoid content. 

The lingonberry young shoots extract is rich in 

hyperoside, 34.7 % of the total flavonoids being 

represented by quercetin, hyperoside, and rutoside. A 

study that evaluates the geographical effect on phenolics 

content in Vaccinium vitis-idaea leaves identified 

quercetin and kaempferol derivatives in its composition 

(Vilkickyte et al., 2021). 

From all studied samples, the blackberry young 

shoots extract presented the lowest concentration of 

flavonoids and quercetin. Studies revealed that the 

blackberry fruits contain quercetin and rutoside, which 

contribute to the fruits' anti-diabetic, anti-inflammatory, 

and antimicrobial effects (Zia-Ul-Haq et al., 2014; 

Bhuyan et al., 2021). 

Despite being few in numbers, the found references 

are in accordance with our results, sustaining the use of 

buds and young shoots of the species taken into study as 

valuable sources of quercetin and its derivatives. 

According to the physicians’ observations, the main 

gemmotherapic extracts with special biological effects 

on the respiratory system include the type of extracts 

taken in our study. The hazel (Corylus avellana L.) buds 

extract increases the elasticity of lung tissues, 

decreasing the tendency to sclerosis, and is 

recommended to increase the lungs' resistance in 

pneumonia. The sweet chestnut (Castanea sativa Mill.) 

buds extract stimulates the lymphatic circulation, and at 

the lung level, helps to expectorate the excessive mucus 

from the bronchus. The honeysuckle (Lonicera nigra L.) 

gemmotherapy extract exerts an anti-inflammatory 

effect in the case of respiratory tract infections. The dog 

rose (Rosa canina L.) young shoots extract is a rich 

source of vitamin C, together with the polyphenols, 

being useful in the prevention of flu, stimulating the 

immune system, and reducing inflammation. It is often 

recommended for children to prevent flu relapses. The 

lingonberry (Vaccinium vitis-idaea L.) young shoots 

extract is one of the most powerful antibacterial 

gemmotherapic extracts, being efficient in the treatment 

of E. coli infections, and given its antioxidant activity, it 

protects the lungs and circulatory system, preventing the 

atherosclerotic damage of the endothelium. The 

European blackberry (Rubus fruticosus L.) young shoots 

extract exerts an anti-sclerotic effect, increasing the 

lungs' resistance in case of chronic obstructive broncho-

pneumonia, and protecting the bronchus (Pitera et al., 

2018; Ledoux et al., 2014; Tetau, 1998).    

The above-mentioned clinical observations could be 

related to flavonoids, as the presence of quercetin in all 

these gemmotherapy extracts could be, among others, a 

valuable adjuvant in reducing the risk of infection, and 

the complications in case of infections or in the 

improvement of pathologies after the infection with the 

SARS-CoV-2 virus. Moreover, it remains a major 

challenge to elucidate the molecular mechanisms 

underlying the putative protective functions of 

quercetin-containing gemmotherapy extracts.   

 

CONCLUSIONS 
The present study demonstrated that the 

gemmotherapy extracts examined contain valuable 

therapeutic flavonoids. Based on their quercetin and 

derivative content, these extracts could be recommended 

for preventing complications from viral infections and 

for convalescence after SARS-CoV-2 infection, in light 

of existing clinical observations. 
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