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A B S T R A C T   

People living with HIV are more exposed to the adverse health effects of the worldwide COVID-19 pandemic. The 
pandemic’s health and social repercussions may promote drug abuse and inadequate HIV management among 
this demographic. The coronavirus pandemic of 2019 (COVID-19) has caused unprecedented disruption 
worldwide in people’s lives and health care. When the COVID-19 epidemic was identified, people with HIV faced 
significant obstacles and hurdles to achieving optimal care results. The viral spike protein (S-Protein) and the 
cognate host cell receptor angiotensin-converting enzyme 2 (ACE2) are both realistic and appropriate inter-
vention targets. Calanolides A, Holy Basil, Kuwanon-L, and Patentiflorin have anti-HIV effects. Our computa-
tional biology study investigated that these compounds all had interaction binding scores related to S protein of 
coronavirus of − 9.0 kcal /mol, − 7.1 kcal /mol, − 9.1 kcal /mol, and − 10.3 kcal/mol/mol, respectively. A 
combination of plant-derived anti-HIV compounds like protease inhibitors and nucleoside analogs, which are 
commonly used to treat HIV infection, might be explored in clinical trials for the treatment of COVID-19.   

Background 

Immunodeficiency is the source of hereditary malignancy, whereby 
the hosts cannot fight against the disease-causing pathogen. We are 
prone to getting infections quickly if our body’s immune system doesn’t 
generate enough white blood cells to combat external threats [25]. 
Immune function loss due to different agents’ exposure, such as HIV, is 
the product of an acquired immunodeficiency syndrome (AIDS) that has 
become pandemic in size and almost invariably leads to death in some 
populations. The two most common diseases, HIV and the coronavirus 
are currently fighting worldwide. 

In the United States of America, AIDS was first documented in 1981 
[7]. Transfusion of HIV-infected blood in homosexual and heterosexual 
sex is widely utilized. In many situations, the appearance of AIDS 
symptoms may take a long time after HIV infection. But with a 

coronavirus, it takes 2–14 days for someone to be infected with the virus, 
and Coronavirus transmission comprises droplets of the cough, sneezing, 
or breathing of the individual [24]. In Wuhan, China, in December 2019, 
a group of individuals suffering from pneumonia with unknown etiology 
was found. The pathogen is a novelty of the coronavirus, termed a severe 
acute respiratory syndrome, called the coronavirus 2 (SARS-CoV-2). 

Over millennia, sexuality has evolved from a stigmatized topic to one 
openly discussed in many cultures worldwide. One of the world’s most 
significant health and social concerns is AIDS, which has affected mil-
lions of people worldwide. All infections begin with someone who has 
already been exposed. New infections develop when infected individuals 
fail to take the appropriate precautions or when protective services are 
inadequately structured. 

Human behavior has a direct impact on the spread of HIV. As a result, 
it is influenced by both biological and socio-cultural factors [32]. 
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Illiterate and unaware people are in danger of engaging in high-risk 
behavior. Similarly, COVID-19 affects all sections of society and is 
most damaging to the most disadvantaged people. It continues to afflict 
various communities, such as those who live in poverty, the elderly and 
the disabled, and young and indigenous populations. 

In both conditions, “othering” and maltreatment are frequent 
discrimination components among those with either COVID-19 or HIV. 
Confident people see these two disorders negatively due to their Soci-
odemographic features, microaggressions, discriminating attitudes, and 
social disconnection. Their stance on the two diseases, HIV and COVID- 
19, is that people, who know that they have this virus but do not make 
efforts to stop them from transmitting it, should commit a criminal 
offense. 

Hypothesis. The apparent reduction of HIV-related risk for developing 
severe COVID-19 may be attributed to the protection offered by Antiretroviral 
therapy (ART). The presence of anti-HIV compounds derived from plants, 
such as protease inhibitors and nucleoside analogs, suppresses CoV-2 repli-
cation. An ART drug that shows a modest but significant effect on CoV-2 has 

now been compared to another bioactive anti-viral medication. Drug design is 
an integrated developing discipline that portends an era of ‘tailored drugs’. It 
entails investigating biologically active substances’ effects based on molecular 
interactions in molecular structure or physicochemical characteristics. 

The drug is usually a small organic molecule that activates or inhibits 
the action of a biomolecule such as protein, providing a therapeutic 
benefit to the patient. Drug design involves the design of molecules that 
are complementary in shape and charge to the biomolecular target with 
which they interact and, therefore, bind to it [40]. 

A biomolecular target (usually a protein or a nucleic acid) is a key 
molecule engaged in a metabolic or signalling pathway linked to a 
specific disease state or pathology and the infectivity or survival of a 
microbial pathogen [41,42]. 

Potential therapeutic targets do not have to be disease-causing, but 
they must be disease-modifying. Small compounds may be tailored to 
boost or inhibit the target function in a disease-modifying pathway in 
some situations [43]. 

In recent years, integrating computational models and predictions 

Table 1 
The source, structure, and anti-HIV activity of the bioactive compounds.  

Natural Product Active 
Compounds 

Structure Anti-HIV Activity Reference 

Calophyllumlanigerum  Calanolides A NNRT Inhibitor (Kashman, Y. et al., 1992) 

Morusnigra (Black mulberry)  Kuwanon L RT Inhibitor (Esposito, F. et al., 2015; Martini, R. et al., 
2017) 

Justicagendarussa  Patentiflorin A RT and IN 
Inhibitor 

(Zhang, H. J. et al., 2017)  

Ocimumtenuiflorum  Holy Basil RT Inhibitor (Sonar, V.P. et al., 2017) 

Nonnucleoside Reverse Transcriptase (NNRT); Reverse Transcriptase (RT); Integrase (IN). 
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with experimental validation has enabled more effective investigations 
of the structure, function, and regulation of key therapeutic targets [37]. 
Computational biology and bioinformatics have the potential to trans-
form not just the way drugs are developed but also to speed up the drug 
development process and reduce costs [38]. For example, molecular 
docking has been widely used in recent decades as a quick and inex-
pensive technology in academic and industry contexts [39]. 

Needless to mention that computational study minimizes biological 
waste and research period and is cost-effective. In this context, we have 
employed computational approaches to design natural compound-based 
therapeutic interventions against COVID-19. 

Support of hypothesis, a brief overview of HIV and its protein 

HIV is presently classified into two types: HIV-type 1 (HIV-1) and 
HIV-type 2 (HIV-2) (HIV-2). The retrovirus genome comprises two 
identical copies of single-stranded RNA molecules [11], and it is 
distinguished by the presence of structural genes gag, pol, and env. The 
genomes of HIV-1 and HIV-2 viruses differ in their organization; how-
ever, the essential structure (the existence of the three structural genes, 
gag, pol, and env) is the same for all retroviruses. In reality, the HIV-1 and 
HIV-2 genomes contain a complicated mix of additional regulatory/ 
accessory genes in addition to these three. Virologically, HIV-1 and HIV- 
2 particles are the same. Samudrala and Jenwitheesuk predict HIV-1 
protease inhibitor resistance on a molecular level [46]. Chaudry et al., 
2020 use computational approaches to study the inhibitory impact of 
selected phytochemicals against HIV-2 protease [48]. 

Like other retroviruses, the gag gene encodes the core (p24, p7, and 
p6) and matrix (p17) structural proteins, whereas the env gene encodes 
the viral envelope glycoproteins gp120 and gp41, which recognize cell 
surface receptors. The pol gene encodes for viral replication enzymes 
such as reverse transcriptase, which transforms viral RNA into DNA, 
integrase, which inserts viral DNA into host chromosomal DNA (the 
provirus); and protease, which cleaves huge Gag and Pol protein pre-
cursors into their components. Integrase (IN), a critical enzyme in the 
human immunodeficiency virus type 1 (HIV-1) life cycle, helps the 
integration of viral DNA to host DNA, making it a potential target for 
anti-HIV medication development. Zhou et al. (2021) used machine 
learning to classify and design HIV-1 Integrase inhibitors [47]. HIV 
particles have a diameter of 100 nm and are surrounded by a 
lipoprotein-rich membrane. Each membrane of a viral particle contains 
glycoprotein heterodimers formed by the binding of trimers of the 

external surface glycoprotein gp120 to the transmembrane spanning 
glycoprotein gp41. Since the connection between gp120 and gp41 is not 
covalent, gp120 can be released spontaneously and be detected in HIV- 
infected persons’ blood and lymphatic tissue. The virus may integrate 
different proteins into the infected cell membrane, such as HLA class I 
and II proteins or adhesion proteins like ICAM-1, which may increase 
adherence to additional target cells during budding. The interior of the 
viral lipoprotein membrane is attached by a matrix protein (p17). 
Capsids composed of polymers of the core antigen (p24) are contained in 
the membrane and matrix proteins of the virus. In addition to a nucle-
oprotein, HIV RNA carries the enzymes reverse transcriptase, integrase, 
and protease [13]. Another accessory/regulatory gene in HIV viruses is 
essential in controlling viral replication [9]. Specifically, the Tat gene 
produces a protein (Tat) made very early after infection. This protein 
stimulates HIV gene expression.For appropriate messenger and genomic 
RNA to arrive in the cytoplasm. The function of the other auxiliary HIV 
proteins is less well defined; the Vpr protein is thought to be involved in 
cell cycle arrest. 

Vpx is also necessary for reverse transcription to enter the nucleus of 
non-dividing cells, including macrophages, what HIV-2 does through 
this protein. The Vpu gene encodes for a protein necessary for viral 
particle release, while the VIF gene encodes for an intriguing protein 
(Vif) that increases the infectiousness of progeny viruses. In addition to 
its functions in signal communication, the Nef protein downregulates the 
CD4 receptor on the cell surface, allowing the late stages of viral repli-
cation to allow budding. Genetically, HIV belongs to the Lentivirus 
genus within the Retroviridae family. Lentivirus infections often have 
chronic symptomology, with a protracted period of clinical latency, 
persistent viral replication, and central nervous system involvement. 
Both viruses can produce AIDS, albeit central nervous system dysfunc-
tion may be more common in HIV-2 infection [21]. Furthermore, HIV-2 
appears to be less virulent than HIV-1, and infection progression to AIDS 
takes longer [33]. 

In the development of anti-HIV drugs, computational approaches are 
vital. Various computational approaches, such as virtual screening, 
QSAR, molecular docking, and homology modelling, have been used in 
the discovery of anti-HIV drugs in a significant number of studies 
[44,45]. 

A brief overview of SARS-CoV-2 and its protein 

Coronavirus particles resemble spheres and have a diameter of 
80–120 nm. An envelope (E), membrane (M), nucleocapsid (N), and 
spike (S) protein are components of this virus family [22]. The S protein 
of coronavirus develops large protrusions from its surface to resemble a 
crown; for this reason, it’s called Coronavirus [35]. A host cell releases 
its offspring virions via the S and HE proteins (transmembrane proteins). 
Virus releases can be achieved by coupling the M and E proteins to form 
homopentamers/dimers. The N protein facilitates a viral genome’s 
replication, RNA packing, and immune system evasion. Numerous 
chemicals and processes modify this general strategy, such as glycosyl-
ation, palmitoylation, phosphorylation, etc. [31]. Coronaviruses rapidly 
mutate and spread from one person to another. It comprises a single 
strand of positive-sense RNA and measures around 27–32 kb. Many 
strains exist, but A2, A3, A3I, B1, B4, and A1A are the most significant. 
Coronavirus strains A2A and A3I make up the majority of infections in 
Indian patients. In addition, the A2A strain is found all over the world. 
The SARS-CoV-2 virus first propagates in the upper respiratory tract to 
spread to the lungs. A mutation and genetic diversity in the pathogen 
also cause the common cold, oral/nasopharyngeal diseases, and CNS 
inflammation [18]. Recently, Khare et al. (2020) proposed that natural 
compounds might be explored as target-specific treatment agents 
against COVID-19 infection using silico analysis [49]. 

Fig. 1. HIV replication is inhibited by a natural substance. Compounds 
generated from natural products have been investigated to target different 
phases in HIV replication. For example, Calanolides A, Holy Basil, Kuwanon-L, 
and Patentiflorin A inhibit HIV RT, preventing HIV genomic RNA from reverse- 
transcribing into proviral DNA. In addition to anti-RT action, Kuwanon-L has 
anti-IN activity, which hinders HIV proviral DNA integration into the 
host genome. 
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The distinction between HIV and SARS-CoV-2 

These two viruses are phylogenetically different. HIV infects T cells 
that are CD4+; an envelope of HIV protein attaches to the CD4 antigen 
and infects monocytes and other CD4 cells [15]. Coronavirus infects 
alveolar cells, intestinal epithelial cells, endothelium cells, kidney cells, 
monocytes, and neuroepithelial cells via binding to the ACE-2 spike 
protein. 

Persons get diagnosed with AIDS when their number of CD4 cells 
falls below 200 cells per mm, and those diagnosed with Covid-19 have a 
heading of more than 1.4 au/ml [6]. AIDS may be exceedingly conta-
gious and highly viral as a coronavirus. There are generally fewer odds 
of survival for persons with AIDS and COVID-19 without treatment. 

Similarities between HIV and SARS-CoV-2 

HIV and coronavirus have an RNA genome integrated as a DNA copy 
into the human genome. These two viruses raise cytokine levels; SARS- 
CoV-2 increases cytokine levels by a similar amount. As a result of HIV 
infection, the production of cytokines is a long-term process that causes 
chronic inflammation to occur. Acute cytokine production is associated 
with clinical symptoms of COVID-19. 

HIV-infected people infected with COVID19: Symptoms and 
treatment 

The risk posed by COVID-19 to people with HIV varies among 
different sources. For example, studies have hypothesized that patients 

Table 2 
Calanolides A, Holy Basil, Kuwanon L and Patentiflorin A docking research for S-protein.  

Bioactive compounds 2D Interaction Binding Energy in Kcal/Mole 

S Protein-Calanolide A ¡9.0 

S Protein- Holy Basil ¡7.1 

S Protein- Kuwanon L ¡9.1 

S Protein- Patentiflorin A ¡10.3  
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with HIV may be at a reduced risk for COVID-19 complications since HIV 
antiretroviral drugs might inhibit coronaviruses, such as SARS-CoV-2. 
Conversely, others have had the opposite experience due to the immu-
nosuppression of HIV patients [29]. 

Consequently, Benkovic et al. reported four cases of HIV infection 
with COVID-19 on Long Island, New York, USA. High CD4 T cell counts 
in HIV-infected individuals are due to their HIV medications. Out of four 
patients, only one required hospitalization for further complications 
related to influenza A. Several incidents suggest that HIV-infected pa-
tients can be treated for COVID-19 when the disease is uncomplicated 
[1]. COVID-19 has also been observed in five patients with HIV in 
Barcelona, Spain, four of whom were on antiretroviral therapy when 
admitted; and Common symptoms included fever and cough. The four 
patients who responded well to treatment have been discharged, except 
for one who needed extracorporeal support [2]. 

As reported by Jiaxiang Chen et al., a 24 year old HIV-infected man 
with a history of living HIV infection was admitted to Guizhou Provin-
cial People’s Hospital with a 1-day history of fever (37.8 ◦C) and dry 
cough. No abnormalities were found in the leukocyte count, lymphocyte 
count, C-reactive protein, erythrocyte sedimentation rate, or flow 
cytometry. A CT scan of the middle and lower lobes of the right lung 
revealed multiple patches of shadows with unclear borders in the sub-
pleural regions and the involvement of adjacent terlobar pleura [5]. 
Ultimately he was diagnosed with non-severe COVID-19 pneumonia 
after real-time reverse transcription-polymerase chain reaction (RT- 
PCR) tests were performed on oropharyngeal swabs. After being diag-
nosed with HIV 2 years ago, the patient received antiretroviral therapy 
(tenofovir 0.3 g, lamivudine 0.3 g, favirenz 0.6 g) to suppress his viral 
load. No prior history of drug use or blood transfusions was reported, 
and he did not disclose his sexual history. His treatment included lopi-
navir/ritonavir (300/75 mg, bid) combined with interferon inhalation 
(5 µg, bid) after a diagnosis of COVID-19. In the meantime, tenofovir, 
lamivudine, and efavirenz were given orally. The symptoms improved 
during treatment, and a chest CT on day 7 of hospitalization showed that 
pulmonary lesions decreased and were partially absorbed on day 12. CT 
imaging of the chest showed that the pulmonary lesions substantially 
resolved after 15 days of treatment, leaving only a few residual foci of 
fibrosis. Ultimately, the patient was discharged from the hospital and 
transferred to Guizhou Provincial Staff Hospital for observation after 
three RT-PCR tests on the pharyngeal swab specimens (interval greater 
than 24 h) were negative. Moreover, the nasopharyngeal swabs were 
submitted for testing to Guizhou Provincial Center for Disease Control 
and Guizhou Provincial People’s Hospital Laboratory Department to 
detect SARS-CoV-2 RNA. PCR tests conducted on days 14 and 28 both 
produced negative results. COVID-19 disease is characterized by fever, 
dry cough, and fatigue as its main clinical symptoms [34]. The immune 
system of patients with impaired immune function makes them more 
likely to develop severe acute respiratory distress syndrome and even 
lead to death [14]. Although this HIV-infected case presented mild 
symptoms, laboratory examinations detected no abnormalities. More-
over, the symptoms improved after a short treatment period, with a 
successful outcome. There may have been a connection between the 
quick absorption of lesions and ART before the infection with SARS- 
CoV-2. Tenofovir is effective as part of an ART treatment against the 
SARS-CoV-2 by binding the RNA polymerase [8]. 

Thus, people with HIV who receive ART for COVID-19 pneumonia 
may experience moderate symptoms and faster recovery than the gen-
eral population. Consequently, HIV-infected patients who receive anti- 
HIV treatment and do not have any other complications from unre-
lated infections are likely to be cured of COVID-19. Findings from the 
study have brought a bit of hope to HIV-infected patients who were 
apprehensive of complications and death if infected with the novel virus. 

Research Hypothesis 

The current trend in drug design is to develop new clinically effective 

agents that have structural modifications of target biomolecules. Lead is 
a prototype compound with the desired biological or pharmacological 
activity but may have many undesirable characteristics, like high 
toxicity, other biological activity, and insolubility or metabolism 
problems. 

Such organic leads, once identified, are easy to exploit. This process 
is relatively straightforward. The real test lies in identifying these lead 
bioactive compounds on the basic skeleton. Conformational changes 
occur when a drug molecule interacts with the biomolecules. The ac-
tivity of a drug can be correlated to its structure in terms of the contri-
bution of its structure and functional group to the lipophilicity, and 
electronic and steric features of the drug skeleton. 

Possible treatment/ the relevance of medicine 

No adequate treatment for these two immunodeficiency diseases has 
been developed so far. The following are the several alternative tech-
niques for treating AIDS: 1) vaccination for AIDS and 2) medicines for 
reverse symptoms of AIDS. The blocking of 1) reverse transcriptase, 2) 
viral protease can be developed for AIDS. The reverse transcriptase was 
the first effective medication targeted; zidovudine (AZT) [28], an in-
hibitor of nucleoside analog reverse transcriptase (NRTIs). Similarly, in 
AIDS treatments, that are a Nonnucleoside analog inhibitor of tran-
scriptase reverse (NNRTI) and a protease inhibitor; thus, many anti-viral 
therapists are utilized [3]. These NRTIs and NNRTIs bind to HIV reverse 
transcriptase and inhibit its activity. To transform its RNA to DNA, HIV 
requires reverse transcriptase. HIV cannot replicate by inhibiting reverse 
transcriptase and reverse transcription. The current AIDS treatment 
consists of two nucleoside analogs and one protease inhibitor, the most 
aggressive antiretroviral therapy (HAART) [19]. HAART has been very 
successful in decreasing the viral blood load and lowering mortality 
rates. anti-viral treatment may reduce the length of the disease in spe-
cific individuals and reduce consequences because the COVID-19 
causing coronavirus is new, with little evidence of special anti-viral. 
Some anti-viral medications used for treating Covid-19 include 1) 
Remdesivir, 2) Dexamethasone, and 3) Hydroxychloroquine, which re-
duces the viral load to blood below the level of detection. In some cases, 
such anti-viral drugs are successful; their long-term usage causes various 
adverse effects, and in treated patients, mutant viruses emerge. 

Natural compounds can be utilized as an anti-viral medicine therapy 
to combat the side effects [20]. In drug development, the study of nat-
ural compounds is not a recent idea. Many of the best medicinal thera-
pies were identified originally in nature. Viral suppression can be a 
natural product-based compound. Early in the history of HIV research, 
several beneficial compounds on plants were researched and are still 
studied today. 

These new compounds can lead to an increase in suppressive func-
tion, such as antiretroviral treatment (ART) [17]. Calanolides A and B 
are plant-based antiretroviral drugs from Calophyllum, a tree from the 
families of mangosteens found in the tropical rainforest of Malaysia[16]; 
the herb tulsi, or holy basil, is traditionally used in Indian Ayurvedic 
medicine for treating a wide range of ailments while promoting overall 
health, Tulsi leaves contain esters and amides that have anti-RT activity 
in vitro [27], kuwanon-L, derived from Morus nigra black mulberry tree 
[10,23], Patentiflorin A isolated from the Justica gendarussa plant of 
Vietnam [36]. All of these plant-based anti-HIV viral drugs have reverse 
transcriptase inhibitor activity, as shown in Table 1. It suppresses HIV 
replication and can impede coronavirus activity by inhibiting reverse 
transcriptase and reverse transcription, as shown in Fig. 1 [4]. Further, 
we have investigated the binding energy of these drugs with S protein 
(Table 2) to study its impact on coronavirus. The binding affinities of S 
protein with various drugs are evaluated using the molecular docking 
software Auto Dock Tools 1.5.6 [30]. The canonical SMILES ids of 
multiple medications are obtained from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). CHIMERA 1.11.2 program is 
used for the conversion of 2D to 3D structures of drugs [26]. To identify 
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the binding site of S protein, various parameters such as binding affinity, 
receptor-interacting atom, receptor pocket atom, receptor-ligand inter-
action site, atomic contact energy (ACE), and side amino acid residues 
have been studied. 

Interaction of anti-HIV drugs (Calanolides A, Holy Basil, Kuwanon-L, 
and Patentiflorin A) with the coronavirus S protein (which binds to 
human cell ACE2 and allows it to enter the cell) at the molecular level 
was investigated (Table 2). The binding modes of Calanolides A, Holy 
Basil, Kuwanon-L, and Patentiflorin A with S Protein were investigated 
through Auto Dock Vina 1.1.2. The binding energy of S Protein with 
Calanolides A, Holy Basil, Kuwanon-L, and Patentiflorin A scored to be 
− 9.0 kcal/mol, − 7.1 kcal/mol, − 9.1 kcal/mol, and − 10.3 kcal/mol, 
respectively (Table ¡ 2). The binding energies of the compounds listed 
above indicate that they have a high binding affinity towards S-protein, 
with Patentiflorin-A having the highest binding affinity. 

Results obtained from the anti-HIV active compounds bind prefer-
ably to sites of S Protein which are crucial in host cell binding [12]. 
Thus, the present computational studies suggest possible prevention of 
the coronavirus by using Calanolides A, Holy Basil, Kuwanon-L, and 
Patentiflorin A, widely used anti-HIV active compounds. This inhibitory 
machinery of blocking the binding of host cell receptors to viruses and 
inhibiting the cellular entry of viral protein could be an effective ther-
apeutic target, as evident from an array of computational studies. These 
compounds are already widely available on the market as antiretroviral 
drugs in nucleotide analogs. Compounds with these bioactive properties 
have been extensively used for HIV-infected patients, primarily due to 
the limited duration of COVID-19 treatment, and these compounds have 
different targets and may reduce SARS-CoV-2 viral load more rapidly. 
However, this needs to be experimentally validated before translational 
intervention. 

Conclusions 

Here we conclude that a plant-based anti-HIV viral medication used 
to treat AIDS may be less likely to contract SARS-CoV-2. However, 
Calanolides A, Holy Basil, Kuwanon-L, and Patentiflorin A can be 
regarded as potential anti-HIV viral medicines against SARS CoV2, ac-
cording to the results of this computational investigation. anti-HIV 
compounds bind to S Protein on the coronavirus surface, which binds 
to ACE2, allowing the coronavirus into human cells. When anti-HIV 
medicines interact with the S-protein, the coronavirus is unable to 
bind to the human cell receptor ACE2. They all have excellent in-
teractions with coronavirus surface protein (S Protein). This inhibitory 
machinery of blocking the binding of host cell receptors to viruses and 
inhibiting the cellular entry of viral protein could be an effective ther-
apeutic target, as evident from an array of computational studies. 
However, this needs to be experimentally validated before translational 
intervention. In the future, we may explore the bioactive anti-viral 
substance that can be found in unique natural product sources 
through our intensive study; more research could be undertaken on the 
discovery and continuing efforts to develop revolutionary treatment 
techniques of purified active compounds from natural sources. 
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mechanisms of infection: a brief overview. Annalidell’Istitutosuperiore di sanita 
2010;46:5–14. https://doi.org/10.4415/ANN_10_01_02. 

[12] Friesner RA, Murphy RB, Repasky MP, Frye LL, Greenwood JR, Halgren TA, et al. 
Extra precision glide: Docking and scoring incorporating a model of hydrophobic 
enclosure for protein− ligand complexes. J MedChem 2006;49(21):6177–96. 
https://doi.org/10.1021/jm051256o. 
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