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The recent threat which has received worldwide attention is COVID-19, a rapidly spreading new strain of Coronavirus. 

It has affected more than 176 countries and due to the lack of efficacious drugs or vaccines against SARS-CoV-2, it has 

further worsened the situation everywhere. After infecting the host, the ssRNA genome of SARS-CoV-2 is translated into a 

large polyprotein which will be further processed into different nonstructural proteins to form a viral replication complex by 

the virtue of virus-specific proteases namely main protease (3-CL protease) and papain protease. The crystallized form of 

SARS-CoV-2 main protease (Mpro) is demonstrated to be a novel therapeutic drug target according to current research. 

The present study was conducted to evaluate the efficacy of few plant-based bioactive compounds against COVID-19 Mpro 

(PDB ID: 6LU7: Resolution 2.16 Å) by molecular docking study. Molecular docking investigations were performed by 

using Auto DockVina to analyze the inhibition capacity of these compounds against COVID-19 as a whole complex and 

also in the absence of Chain C which is present with protein as a peptide. According to the obtained results, Ritonavir and 

Curcuminwere found to be more effective on COVID-19 than nelfinavir which is an anti-HIV drug. This is followed by 

Glycyrrhizin and Piperine, which correlates with COVID-19 as a whole complex and also in the absence of Chain C. So, 

this study will pave a way for performing more advanced experimental research and to evaluate the natural compounds to 

cure COVID-19. 
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Introduction 

Coronavirus infection was first identified in Wuhan 

in China in December 2019 which became the centre 

of a pneumonia outbreak of unknown cause
1
. In early 

January 2020, Chinese scientist pinpointed a novel 

Coronavirus strain from people of Wuhan which 

started at a local seafood/wild animal market
2
. Severe 

acute respiratory syndrome [SARS] associated with 

this disease was named 2019-nCOV, which is now 

named COVID-19
3
. Coronavirus is not a new virus, it 

was discovered in 1960 causing illness among 

animals including camels, cattle, cat, and bats. 

Transmission from animal to human was not reported 

until 2002. SARS outbreak and later in 2012 as 

MERS outbreak was due to transmission from animal 

to human confirmed transmission
4
. Coronavirus 

which is transmitted by respiratory droplet and 

contaminated surfaces is known to cause common 

colds. At present, there are a total of seven strains of 

human coronavirus which include alpha coronavirus 

[HCOV-229E; HCOV-NL63] and beta CORONA 

VIRUS [HCOV-OC43; HCOV-HKU1; SARS-COV-1; 

MERS-COV and now SARS-COV-2]
5
. The first 

reported International case in Thailand on 13 January 

2020 was transmitted by an infected person from 

Wuhan and slowly started spreading to other parts 

of the world. On 30 January 2020, the World Health 

Organization (WHO) emergency committee designated 

the novel coronavirus outbreak as Public health 

emergency of International concerns (PHEIC). After 6 

weeks (11.03.2020), WHO declared COVID-19 as 

pandemic
6
. People who have developed pneumonia 

due to SAR-COVwere characterized with a distinct 

lung appearance of ground glass opacity in specific 

shapes and sites as the severity of the disease 

progresses
7
. It is suggested that SAR-COV may be 
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infectious for up to 4 weeks, twice as long as most of 

the current quarantine measures. Health care 

professionals and others with close contact with these 

infected individuals should use standard, contact and 

airborne precaution and well as wear eye protection
8
. 

No vaccine is currently available to prevent COVID-

19 and evidence indicate that human Coronavirus may 

potentially remain infectious in the air for at least 3 

hours and on inanimate surfaces for 2-3 days up to 9 

days, and perhaps longer
9
. Viable SARS COVID 2 

RNA has been isolated from respiratory, blood, urine, 

and stool specimens
10

. The mainstay of treatment is 

supportive care. Various therapies are under 

investigation and under development which included 

antiviral drugs (lopinavir and ritonavir), immune-

modulators like interleukin-6 inhibitors (sarilumab), 

antimalarial (hydroxychloroquin), and corticosteroids. 

Lopinavir and Ritonavir, combined with Chinese 

herbal medicines, were used in preliminary clinical 

studies
11,12

. 

In this connection, in silico technique was used to 

identify potential leads for the treatment for COVID-

19. The crystallized form of SARS-CoV-2 main 

protease (Mpro) is demonstrated to be a novel 

therapeutic drug target according to current research. 

The present study was conducted to evaluate the 

efficacy of few plant-based bioactive compounds 

against COVID-19 Mpro by molecular docking study 

against COVID-19. 
 

Materials and Methods 

The structures of the compounds were procured 

from the authors’ earlier research on plant-based 

isolation and characterization of drugs. 2D structures 

were analyzed in PubChemand PDB files of ligands 

were generated using OpenBabel software
13,14

. Energy 

minimization was carried out using PRODRG server 

and PDB file with known inhibitors were converted 

into PDBQT file format using Auto Dock Tool 

(ADT)[Autodock Vina] for further analysis
15

. 

The atomic coordinates of COVID-19 Mpro main 

were retrieved from the RCSB PDB (https:// 

www.rcsb.org/pdb/home/home.do). Before docking 

analysis, the structure was emended by removing co-

crystallized heteroatoms and water molecules using 

SPDBV software, followed by the addition of polar 

hydrogen and Gasteiger charges using Auto Dock 

Tool (ADT). Then structures were saved in PDBQT 

files, for further analysis. 

Binding mode and interaction of COVID-19 Mpro 

with ligands were performed using Auto dockVina on 

Ubuntu Linux platform
16

. This Program requires a 

pre-calculated grid box, which serves as a frontier  

of active pocket amino acids in the receptor by 

attaining XYZ coordinates. The active pocket  

amino acid residues were identified using PoSSuM 

server (http://possum.cbrc.jp/PoSSuM/). The grid 

optimization was carried out using the auto grid and 

the grid box was placed such that it covers all amino 

acids of an active pocket. The grid box size was set at 

16, 16, and16 and centred on mass centre 3.753, 

15.918, and 9.96 for x, y, and z co-ordinate 

respectively with space-separated by 1.0 Å (grid-point 

spacing). Docking was performed using Auto Dock 

program and ten different modes of conformations 

were generated with their respective binding 

energy/affinity. The lowest binding energy results 

were considered for further post docking analysis. 

Docked complex of protein and ligand with good 

binding affinity were visualized using maestro and a 

chimera. LigPlot 1.4.5 was used to generate a two-

dimensional docking for the analysis of hydrogen 

bond and hydrophobic interaction
17

.  
 

Results and Discussion 

Recently, COVID-19, a rapidly spreading new 

strain of Coronavirus has received worldwide 

attention. The first Indian case of COVID-19 was 

found in Kerala on 30 January 2020. There onwards 

the increase in the cases in India is given in Fig 1.  

It has affected more than 176 countries and due to the 

lack of efficacious drugs or vaccines against  

SARS-CoV-2, it has further worsened the situation 

everywhere. There was an increase in cases of 

COVID-19 from 1 to 4281 [06.04.2020] with 111 

death and 318 recovered patients. Whereas the total 

number of global cases was 1328150 with 73750 

death and 277285 recovered patients in the month of 

 
 

Fig. 1 — Number of COVID cases in India with confirmed, 

recoveries and death. 
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April
18,19

 and presently as of 8.12.2020, the total 

number of global cases is 68,084,568 with 1,555,774 

deaths and 47,160,070 recovered patients
20

. 

In the present scenario as no treatment is available, 

so natural sources may come as a saviour for this 

deadly disease. Natural product treatment will be 

cheap and with fewer side effects. As per WHO, 80% 

of the world population relies on natural products for 

their ailments. In this connection, we have chosen 

plants that are frequently used in Indian cooking  

like Turmeric (Curcuma longa), Black pepper  

(Piper nigrum), Zinger (Zingiber officinale), Tulsi 

(Ocimum sanctum), Liquorice (Glycyrrhiza glabra),  

Kalonji (Nigella sativum) etc. The basis for choosing 

the phytoconstituents is their reported usage in 

respiratory, asthma and for immunity booster and 

numerous other disorders
21-26

. In silico modelling  

was done with azadirachtin, β-sitosterol, curcumin, 

gingerol, glycyrrhizin, piperine, quercetin, 

thymoquinone, ursolic acid against the synthetic drugs 

viz., hydroxychloroquine, lopinavir, nelfinavir, and 

ritonavir. 

The binding energies obtained and hydrogen bonds 

formed from the docking of 6LU7 are presented in 

Table 1. Ritonavir has formed 4 hydrogen bonds 

followed by Curcumin and Glycyrrhizin. In terms of 

binding energy also, these three require minimum 

energy [-6.4; -6.6 and -6.5 Kcal/mol] respectively and 

in turn, seem to be more efficient compared to other 

compounds. The standard drugs nelfinavir and 

hydroxychloroquine have formed 2 hydrogen bonds 

by using binding energy [-6.0 and -5.0 Kcal/mol] 

respectively slightly more than that of the above-

mentioned values. Fig 2 shows the superimposition  

of all ligands with COVID-19 Mpro whole complex. 

Fig 3 shows 2D interaction of ligands with amino 

acids of COVID-19 Mpro whole complex. Detailed 

hydrogen bond formation of the ligand with amino 

acids of COVID-19 Mpro whole complex of ligands 

showing best conformation (Curcumin, glycyrrhizin, 

ritonavir) are given in Fig. 4. 
Molecular docking investigations were performed 

by removing C Chain of COVID-19 as it is present as 

a peptide near the active site of the protein. The 

Table 1 — Showing binding energy and hydrogen bonds formed with COVID-19 Mpro whole complex and ligands. 

Ligands Affinity (Kcal/mol) H bonds H bond interaction  

Azadirachtin -5.4 - - 

Beta_Sitosterol -5.0 - - 

Curcumin -6.6 3 Cys 145(A); Ser 144(A); His 163(A) 

Gingerol -6.0 1 Cys 145 (A) 

Glycyrrhizin -6.5 2 Thr 24(A); Gln 189(A) 

Hydroxychloroquine -5.0 2 Cys 145 (A); Thr 24 (A) 

Lopinavir -6.4 2 2-Gln 189(A) 

Nelfinavir -6.0 2 - 

Piperine -5.9 1 Gly 143(A) 

Quercetin -5.8 - - 

Ritonavir -6.4 4 Asn 119(A); Glu 166(A); Cys 145(A); Thr 26(A) 

Thymoquinone -4.3 2 Gly143 (A); Thr 26(A) 

Ursolic acid -5.9 - - 

 

 
 

Fig. 2 — Superimposed image representing docking conformations of all ligands with COVID-19 Mpro whole complex. 
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binding energies obtained and hydrogen bonds 

formed from the docking of 6LU7 in absence of C 

Chain are presented in Table 2. Ritonavir formed  

2 hydrogen bonds with -7.1 Kcal/mol of binding 

affinity. This is followed by curcumin and 

glycyrrhizin.  In terms  of both  hydrogen   bonds  and 

binding energy, ritonavir was seen to be more 

efficient compared to other compounds. The standard 

drug nelfinavir has shown-8.3 Kcal/mol of binding 

affinity with no hydrogen bonds, whereas another 

standard drug hydroxychloroquine had formed 1 

hydrogen bond with -6.3 Kcal/mole as binding energy 

which is slightly more than that of the above-

mentioned values. Fig. 5 shows the superimposition 

of all ligands with COVID-19 Mproin absence of C 

chain. Fig. 6 shows 2D interaction of ligands with 

amino acids of COVID-19 Mpro in the absence of C 

chain. Detailed hydrogen bond formation of the 

ligand with amino acids of COVID-19 Mpro whole 

complex of ligands showing best conformation 

(Curcumin, Glycyrrhizin, Piperine, Ritonavir) are 

represented in Fig. 7.  

The Catalytic dyad present between the cleft of 

domain 1 and 2 which is a   substrate-binding   site  is  

 
 

Fig. 3 — Showing 2D interaction of ligands with amino acids of COVID-19 Mpro whole complex. a) Azadirachtin,b) Beta_Sitosterol,  

c) Curcumin, d) Gingerol, e) Glycyrrhizin, f) Hydroxychloroquine, g) Lopinavir, h) Nelfinavir, i), Piperine, j) Quercetin, k) Ritonavir, l) 

Thymoquinone, and m) Ursolic acid. 
 

 
 

Fig. 4 — Showing detailed hydrogen bond formation of a ligand with amino acids of COVID-19 Mpro whole complex. a) Curcumin,  

b) Glycyrrhizin, and c) Ritonavir. 
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Table 2 — Showing binding energy and hydrogen bonds formed with COVID-19 Mpro (absence of C chain) and ligands. 

Ligands Affinity (Kcal/mol) H bonds H bond interaction 

Azadirachtin -5.9 - - 

Beta_Sitosterol -7.1 - - 

Curcumin -7.1 2 Ser 144(A); Gly143(A) 

Gingerol -5.7 2 His164(A); Arg188(A) 

Glycyrrhizin -8.0 1 Phe140(A) 

Hydroxychloroquine -6.3 1 Ser144(A) 

Lopinavir -7.7 - - 

Nelfinavir -8.3 - - 

Piperine -7.0 2 Cys145(A); Ser144(A) 

Quercetin -7.5 1 His163(A) 

Ritonavir -7.1 2 Gly143(A); Gln189(A) 

Thymoquinone -5.0 - - 

Ursolic acid -7.6 1 Leu141(A) 
 

 
 

Fig. 5 — Superimposed image representing docking conformations of all ligands with COVID-19 Mpro (absence of C chain). 
 

 

Fig. 6 — Showing 2D interaction of ligands with amino acids of COVID-19 Mpro (absence of C chain). a) Azadirachtin,  

b) Beta_Sitosterol, c) Curcumin, d) Gingerol, e) Glycyrrhizin, f) Hydroxychloroquine, g) Lopinavir, h) Nelfinavir, i) Piperine, j) Quercetin,  

k) Ritonavir, l)Thymoquinone, and m) Ursolic acid. 
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mainly composed of His41 and Cys145. Ritonavir and 

curcumin molecules showed interaction with these 

two residues. 

From the above results, it is clear that curcumin, 

glycyrrhizin, and piperine showed activity against the 

COVID-19. This can be attributed to the traditional as 

well as scientific uses of the herbals containing these 

phytoconstituents. For instance, turmeric which contains 

curcumin as major constituents possess therapeutic 

activities as an anti-diabetic, hypolipidemic, anti-

inflammatory, anti-diarrhoeal, hepatoprotective, anti-

asthmatic, and anti-cancerous drug and is widely used in 

cosmetology
21

. Curcumin has shown to alleviate 

macrophages activation and lung inflammation induced 

by influence virus
27

 and curcumin was found to inhibit 

SARS-CoV in the range of 3–10 µM
28

. 

G. glabra possesses antibacterial, antioxidant, 

antimalarial, antispasmodic, anti-inflammatory,  

anti-hyperglycemic properties, antiulcer, antiviral, 

antihepatotoxic, antifungal, and herpes simplex 

inhibitory activities
25

. In an earlier study, glycyrrhizin 

was found to be most active in inhibiting replication of 

the SARS-associated virus
29

. Prepared derivatives of 

glycyrrhizin have shown 10-fold increased anti-SARS-

CoV activity compared to glycyrrhizin. Amides of 

glycyrrhizin and conjugates of glycyrrhizin with two 

amino acid residues and a free 30-COOH function 

presented up to 70-fold increased activity against 

SARS-CoV
30

. 

Piper nigrum, commonly known as black pepper is 

reported to possess antiapoptotic, antibacterial, anti-

colon toxin, antidepressant, antifungal, antidiarrhoeal, 

anti-inflammatory, antimutagenic, anti-metastatic 

activity, antioxidative, antispasmodic, antisper-

matogenic, antitumor, antithyroid, gastric ailments, 

hepatoprotective, insecticidal activity, intermittent 

 
 

Fig. 7 — Showing detailed hydrogen bond formation of a ligand with amino acids of COVID-19 Mpro whole complex. a) Curcumin,  

b) Glycyrrhizin, c) Piperine, and d) Ritonavir. 
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fever, larvicidal activity, protection against diabetes-

induced oxidative stress, analgesic, anti-inflammatory, 

anticonvulsant, antimalarial, antifiliarial, and antifertility 

activities
22

. It is very well in accordance with the present 

results of in silico technique. 
 

Conclusion: 

6LU7 is docked with different compounds and 

compared with standard drugs prescribed so far for 

coronavirus. Docking capability was evaluated both 

during the presence and absence of C chain (peptide) 

which is present at one of the active pocket. 

According to the results obtained, ritonavir and 

curcumin were found to be more effective on 

COVID-19 than nelfinavir which is an anti-HIV drug. 

This is followed by glycyrrhizin and piperine, which 

correlates with COVID-19 as a whole complex and 

also in the absence of Chain C. This study will pave a 

way for performing more advanced experimental 

research and to evaluate the natural compounds to 

cure COVID-19. 
 

Acknowledgement 

The author is thankful to the President, Children’s 

Education Society [Regd.], Bangalore for the support 

provided for the study.  
 

Ethical issues 

There are none to be applied. 
 

Conflict of interest  

None to be declared. 
 

References 
1 Zhu N, Zhang D, Wang W, Li X, Yang B, et al., A novel 

Coronavirus from patients with pneumonia in China, N Engl 

J Med, 2019, 382(8), 727-33. 

2 Guo Y R, Cao Q D, Hong Z S, Tan Y Y, Chen SD, et al., 

The origin, transmission and clinical therapies on 

Coronavirus disease 2019 (COVID-19) outbreak - an update 

on the status, Mil Med Res, 2020, 7, 11-14. 

3 Coronavirus Updates: The Illness Now Has a Name: 

COVID-19, The New York Times, available at 

https://www.nytimes.com/2020/02/11/world/asia/Coronaviru

s-china.html. Accessed on February 11, 2020. 

4 Lee P I and Hsueh P R, Emerging threats from zoonotic 

Coronaviruses-from SARS and MERS to 2019-nCoV,  

J MicroImmunol Infect, 2020, 53(3), 365-67., 

5 Wu F, Zhao S, Yu B, Chen Y M, Wang W, et al., A new 

Coronavirus associated with human respiratory disease in 

China, Nature, 2020, 579, 265-269. 

6 Lai C C, Shih T P, Ko W C, Tang H J and Hsueh P R, Severe 

acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) 

and Coronavirus disease-2019 (COVID-19): The epidemic 

and the challenges, Int J Antimicr Agents, 2020, 55(3), 

105924-5. 

7 Zhao W, Zhong Z, Xie X, Yu Q and Liu J, Relation between 

chest CT findings and clinical conditions of Coronavirus 

disease (COVID-19) Pneumonia: A multicenter study,  

Am J Roentgenol, 2020, 214(5),1-6. 

8 https://www.who.int/emergencies/diseases/novel-Coronavirus- 

2019/technical-guidance/infection-prevention-and-control, 

accessed on 02.04.2020. 

9 Van D N, Bushmaker T, Morris D H, Holbrook M G, 

Gamble A, et al., Aerosol and surface stability of SARS-

CoV-2 as compared with SARS-CoV-1, N Engl J Med, 2020, 

382(16), 1564-1567. 

10 Lauer S A, Grantz K H, Bi Q, Jones F K, Zheng Q, et al., 

The incubation period of Coronavirus disease 2019 (COVID-

19) from publicly reported confirmed cases: Estimation and 

application, Ann Intern Med, 2020, 172(9), 577-582.  

11 Gordon D E, Jang G M, Bouhaddou M, Xu J, Obernier K,  

et al., A SARS CoV-2-Human protein-protein interaction 

map reveals drug targets and potential drug-repurposing, 

BioRxiv, Available at https://www.biorxiv.org/content/ 

10.1101/ 2020.03.22. 002386v1. 2020 Mar 22; Accessed: 

March 23, 2020. 

12 Wang Z, Chen X, Lu Y, Chen F and Zhang W, Clinical 

characteristics and therapeutic procedure for four cases with 

2019 novel Coronavirus pneumonia receiving combined 

Chinese and Western medicine treatment, Biosci Trends, 

2020, 14(1), 64-68. 

13 Pence H E and Williams A, ChemSpider: An online  

chemical information resource, J Chem Educ, 2010, 87(11), 

1123–1124. 

14 O’Boyle N M, Michael B, Craig A J, Chris M, Tim V, et al., 

Open Babel: an open chemical toolbox, J Cheminform, 2011, 

3(1), 33.  

15 Morris G M, Goodsell D S, Halliday R S, Huey R, Hart W E, 

et al., Automated docking using a Lamarckian genetic 

algorithm and an empirical binding free energy function,  

J ComputChem,1998, 19(14), 1639–1662. 

16 Trott O and Olson A J, AutoDock Vina: Improving the speed 

and accuracy of docking with a new scoring function, 

efficient optimization, and multithreading, NIH Public 

Access, J Comput Chem, 2010, 31(2), 455–461. 

17 Wallace A C, Laskowski R A and Thornton J M, LIGPLOT: 

A program to generate schematic diagrams of protein-ligand 

interactions, Protein Eng Des Sel, 1995, 8(2), 127–134. 

18 https://www.mohfw.gov.in/ accessed on 04.04.2020. 

19 https://www.google.com/search?q=covid-

19+in+india&client=firefox-b-

d&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjXxObnk

dboAhVFyzgGHaQ3A5MQ_AUoAnoECBcQBA&biw=136

6&bih=632. Accessed on 06.04.2020. 

20 https://www.worldmeters.info/Coronavirus/ accessed on 

08.12.2020. 

21 Krup V, Prakash L H and Harini A, Pharmacological 

activities of turmeric (Curcuma longa Linn): A review,  

J Homeop Ayurv Med, 2013, 2(4), 133. 

22 Padmaa M P, Dileep C S, Shruthi S D and Ganapathy PS,  

In vitro cytotoxic and in silico activity of piperine isolated 

from Piper nigrum fruits Linn., In Silico Pharmacol, 2015, 

3(1), 1-7. 

23 Subash K G and Anand S, Medicinal properties of 

Zingiberofficinale Roscoe- A review, J Pharm Biol Sci, 

2014, 9(5), 124-129. 

https://jcheminf.biomedcentral.com/articles/10.1186/1758-2946-3-33#auth-2
https://jcheminf.biomedcentral.com/articles/10.1186/1758-2946-3-33#auth-3
https://jcheminf.biomedcentral.com/articles/10.1186/1758-2946-3-33#auth-4
https://jcheminf.biomedcentral.com/articles/10.1186/1758-2946-3-33#auth-5


PAARAKH et al.: IN SILICO ACTIVITY OF PHYTOCONSTITUENTS AGAINST COVID-19 

 

 

33 

24 Govind P and Madhuri S, Pharmacological activities of 

Ocimum sanctum (tulsi): A review, Int J Pharm Sci Rev Res, 

2010, 5(1), 61-66. 

25 Kaur R, Kaur H and Dhindsa A S, Glycyrrhiza glabra:  

A phytopharmacological review, Int J Pharm Sci Res, 2013, 

4(7), 2470-2477. 

26 Padmaa M P, Nigella sativa Linn- A comprehensive review, 

Indian J Nat Prod Resour, 2010, 1(4), 409-429. 

27 Yiming X and Ling L, Curcumin alleviates macrophage 

activation and lung inflammation induced by influenza virus 

infection through inhibiting the NF- κB signaling pathway, 

Influenza Other Respi Viruses, 2017, 11(5), 457–463. 

28 Wen C C, Kuo Y H, Jan J T, Liang P H, Wang S Y, et al., 

Specific plant terpenoids and lignoids possess potent 

antiviral activities against severe acute respiratory syndrome 

Coronavirus, J Med Chem, 2007, 50, 4087–4095. 

29 Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H,  

et al., Glycyrrhizin, an active component of liquorice roots, 

and replication of SARS-associated Coronavirus, Lancet, 

2003, 361(9374), 2045-2046. 

30 Hoever G, Baltina L, Michaelis M, Kondratenko R,  

Baltina L, et al., Antiviral activity of glycyrrhizic acid 

derivatives against SARS-Coronavirus, J Med Chem, 2005, 

48(4), 1256-1259. 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wen%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=17663539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuo%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=17663539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jan%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=17663539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=17663539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cinatl%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12814717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morgenstern%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12814717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12814717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rabenau%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12814717
https://www.ncbi.nlm.nih.gov/pubmed/12814717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoever%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15715493
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baltina%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15715493
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michaelis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15715493
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kondratenko%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15715493
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baltina%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15715493
https://www.ncbi.nlm.nih.gov/pubmed/15715493

