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 Abstract  

With the new global outbreak of the novel COVID-19, control and treatment has become 

critical. There is no medication proven to be effective for the treatment of severe acute 

respiratory syndrome which is caused by COVID-19 according to the World Health 

Organization (WHO) reports. Most studies that have been done on this time are clinical 

trials. Those studies used several drugs like lopinavir, ritonavir, nebulized alpha-

interferon and, aminoquinolines.  

The mechanism of action is not well known so far. This review studies the metabolites of 

the tested drugs with different kinds of the viral membrane which merging proteins based 

on mechanical criteria. 

Introduction 

The world has seen the existence of new disease caused by virus. The disease is 

named coronavirus disease 2019 (COVID-19), which develop as a results of infection 
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with virus named severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) [1]. 

To date there is no treatment for this novel virus, some clinical trials focused on some 

medications which have been used for treating other diseases. 

The attention goes through chloroquine and hydroxychloroquine, these two 

chemicals compounds have been found to be efficient to treat or lower the viral 

symptoms [2]. Chloroquine with the formula C18H26ClN3 and molecular weight 319.9 

g/mole has two active groups Aminoquinoline and Chlorine [3]. The way of involvement 

of active groups in inhibits viral cell fusion or replication of viral components is not 

clear. Researches give a hand to reach virus knowledge update. Since information about 

this new virus is rapidly evolving. So the most common suggested way to inhibit viral 

action is cell viral diffusion through receptors action. So this review discusses the 

possibility of inhibit SARS-COV-2 action depending on host cell receptors and drugs 

actions.  

Mechanisms of SARS-COV-2 Membrane Fusion Proteins  

Three kinds of viral membrane fusion are reported class I fusion proteins, class II 

fusion proteins and class III fusion proteins [4]. Also there are at least four various 

mechanisms by which viral fusion proteins can be a move to go through fusion – 

inducing conformational changes, the first mechanism depends on low PH theory, the 

second mechanism depends on receptor binding, whereas the third one depends on 

combination of receptor binding followed by low PH, the last mechanism still partially 

characterized [5]. Coronavirus are classified as class I which are followed combination 

mechanism that depend on receptor binding followed by low pH, Virus cell fusion is 

completed by one or more viral surface glycoproteins at the neutral pH or within an 

endosomal cell at low pH [6], viruses are started, by either interaction with host cell 

receptors or require low pH. Coronavirus are arranging the entrance of human respiratory 

epithelial cells through interaction of spike glycoprotein which is the most important 

surface protein of coronavirus with cell surface receptor angiotensin-converting enzyme 

2 (ACE2) [6]. There are two regions in spiky glycoprotein one for host cell receptor S1 

and the other is for membrane fusion S2. From the four structural coronaviruses proteins 

(spike (S) glycoprotein, envelope (E) protein, membrane (M) protein, and nucleocapsid 

(N) protein) the spike glycoprotein considered as a key target for treatment and 

diagnostics [7-8]. Angiotensin-converting enzyme 2 is mono-carboxypeptidase and 
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metalloenzyme with a single zinc binding domain HEXXH. It is homologous to the 

active sites ACE. Also, it is located as a coenzyme on the surface of endothelial and 

other cells. So, ACE2 might be a potential goal for therapeutic mediation.  

Aminoquinolines as a Treatment of COVID-19  

Some quinine compounds have been investigated as SARS-CoV-2 medication. 

Chloroquine and hydroxychloroquine the most common quinine that have been used for 

SARS-CoV-2 [2-9-10].   

Chloroquine is a 4-aminoquinoline, it is IUPAC name 4-N-(7-chloroquinolin-4-yl)-1-

N,1-N-diethylpentane-1,4-diamine with the molecular formula, C18H26ClN3 and the 

molecular weight is 319.9 g/mole. Whereas, hydroxychloroquine is a derivative of 

chloroquine, it is IUPAC name 2-[4-[(7-chloroquinolin-4-yl)amino]pentyl-

ethylamino]ethanol with molecular formula  C18H26ClN3O and the molecular weight is 

335.9 g/mol. The two compounds have been known as natural cinchona alkaloid and they 

have been investigated as antimalarial drugs. The action of the drugs depends on the 

active groups that present in compounds or on the way to inhibit the receptors. 

Chloroquine and hydroxychloroquine, both have quinine and chlorine as active groups, 

whereas the hydroxyl group present only in hydroxychloroquine, each of chloroquine or 

hydroxychloroquine are racemic mixtures.  Chloroquine has hydrogen bond acceptors 

count 3 and hydrogen bond donors count 1.  Whereas hydroxychloroquine has hydrogen 

bond acceptors count 4, and hydrogen bond donors count 2 [11-12-13]. Chloroquine and 

hydroxychloroquine are membrane-soluble weak bases. They are works by inters into the 

lysosomes within the malarial parasite. There is a vacuum inside the cell, sheltered by a 

membrane that acts as an inner stomach – they contain the enzymes and cofactors 

substantial for the parasite to safely break down haemoglobin and blocked the toxic 

haem waste products. Like the human stomach, the pH is brought down inside the 

lysosome than in the rest of the cell, and this acidic medium make chloroquine or 

hydroxychloroquine to become di-protonated (doubly positively charged), meaning it 

prevents chloroquine or hydroxychloroquine from leaving the vacuole via simple 

diffusion. Once inside, it causes a build-up of toxic haem that finally kills the parasite 

[14]. Recently chloroquine and hydroxychloroquine have been investigated for COVID-

19 treatment [15], whether those compounds influence or not on COVID-19 symptoms 

development it needs more trials, so what is interested in research, is about the infusing 
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mechanism for the discussed compound in viral inhibition. One of the most common 

mechanisms depends on raising the pH in the host cell, which interferes with the virus's 

attempts to fusing the cell through lowering pH. So if the pH changed, the virus cannot 

assemble, and if it cannot assemble, it cannot infect the host [15]. The other mechanism 

followed receptor binding inhibition since entrancing of coronavirus inside the cell 

required two key steps interfering with the glycosylation of angiotensin-converting 

enzyme 2 ACE2 the cellular receptor of SARS-CoV and blocking virus fusion with the 

host cell. Diminished terminal glycosylation of ACE2may moderates the binding 

efficiency between ACE2 on host cells and the SARS-CoV spike protein. Thus, the 

binding of the virus to the receptors on the cells is inhibited and infection is accordingly 

prohibited. What is interested to discuss is the combination between the receptor 

angiotensin-converting enzyme 2 and the involvement of the pH, the optimum 

physiological pH for ACE2 action is 6.5, and what is well known is that CQ and HCQ 

considered as hydrogen bond accepter within the account (3, 4 respectively). So CQ and 

HCQ have the ability to inhibit ACE2 through raising the pH. This mechanism could be 

complementary to the other mechanisms. In conclusion, we predict that HCQ and CQ 

can efficiently inhibit SARS-CoV-2 infection; also we assumed that drugs have good 

scope to fighting the disease. This potential awaits affirmation by clinical experiment.  

Lopinavir  

Most viruses encode proteases, which play an important role in the viral life cycle. 

Protease inhibitors (PIs) bind to the viral protease’s substrate location in a competitive 

manner. This enzyme is responsible for the release of functional viral proteins after post-

translational proteolysis of a polyprotein precursor, allowing them to act correctly and 

individually in replication/transcription. Immature viral particles are produced as a result 

of inhibition [16].  

Lopinavir is a protease inhibitor that targets HIV-1 protease with high specificity. 

Lopinavir is only available in the form of a combination with ritonavir. Abbott originally 

sold this combination in 2000 under the name Kaletra. Ritonavir is a powerful inhibitor 

of the enzymes involved in lopinavir metabolism, therefore taking it together enhances 

lopinavir exposure and antiviral effectiveness [17]. In China, PR was also mentioned as 

one of the  options  for the treatment of COVID-19 in  the beginning  of the pandemic 

mostly because it had shown some success against SARS and Middle East respiratory 
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syndrome (MERS), and other therapeutic choices were limited [18-19]. A recent study 

found that triple therapy with interferon (IFN)-1b, ribavirin, and LPR could help 

individuals with mild-to-moderate COVID-19 recover more quickly. SARS4 has already 

been demonstrated to benefit from a combination of LPR and ribavirin. In addition, LPR 

can boost the effectiveness of IFN-1b against MERS in an animal model and in vitro [20-

21]. LPR has recently been shown to limit the replication of the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) [22-23]. As a result, LPR could be effective in 

the treatment of COVID-19 patients.   

Interferon  

In the presence of viral infections, host cells produce and release interferons, which 

are cytokines. Interferons are divided into three types: type I, type II, and type III. Each 

type (I, III) caused by interaction between viral components and a variety of pathogen 

recognition receptors such as (retinoic acid inducible gene Ι like receptors, Toll like 

receptors) resulting in a complicated cascade of intracellular signaling events ending in 

interferon transcription and the development of the inflammatory response. Interferon 

type I (alpha, beta) and type III (lambda) can then be released into the surrounding tissue, 

activating cells that have their cognate receptor. Type I interferon was able to activate 

both hematopoietic and visceral cells in an autocrine and paracrine manner because type 

I interferon receptors are widespread, but type III IFNs are more restricted, to epithelial 

cells. Interferon mediate their activity by activating the JAK-STAT (Janus kinase and 

transcription protein activator signal transducer) signaling pathways in conjunction with 

other cellular elements (interferon-regulating factors, or IRFs), leading to the induction 

of hundreds of interferon-inducible genes and achieving an intrinsic cellular state of viral 

resistance [24]. IFN-α, which is primarily produced by macrophages, and IFN-β, which is 

produced by bronchial epithelial cells in response to viral infection, are both Type I 

IFNs. They have the ability to bind to the surface of infected and surrounding cells and 

induce over 1,000 different IFN-inducible genes (ISGs), which impede virus protein 

trafficking, viral RNA synthesis, and virion assembly and release.  

IFN-I is one of the first cytokines released after a viral infection. In most cell types, 

they are identified by the IFNAR receptor, which is found on the plasma membrane. The 

phosphorylation of transcriptional factors like STAT1 and their relocalization to the 

nucleus, where they activate interferon-stimulated genes, is induced when interferon is 
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fixed on IFNAR (ISG). Most ISGs are involved in immune modulation, inflammation, 

and signaling. They interfere with viral replication and spread through several 

mechanisms such as slowing down the metabolism of cells or the secretion of cytokines 

that enhance adaptive immune activation. ISGs include (PRRs), which increase the 

sensitivity of the cell to pathogens, proteins that reduce membrane fluidity, inhibiting 

viral egress or membrane fusion, and antivirals that specifically inhibit one step of the 

viral cycle. As a result, IFN-I plays a critical role in antiviral defense. Because of their 

immunomodulatory effects [25]. IFN- has recently been proposed as a viable therapeutic 

method for COVID-19 disease, owing to the fact that the innate immune system produces 

IFN- as a first line of defense against viral infections. IFN-, on the other hand, might 

have immunoregulatory effects, resulting in pathogenic damage and uncontrolled 

inflammatory responses. There are 13 different human IFN subtypes that bind to the 

same receptor and regulate diverse antiviral and immunoregulatory effects, inducing 

diverse interferon-stimulated gene (ISG) expression. The varied degrees of inflammatory 

modulation may generate concerns about potential side effects such as enlarging 

inflammatory responses and worsening infection severity. As a result, investigating the 

mechanism of COVID-19 pathogenesis requires an examination of diverse IFN-subtype 

induction during SARS-CoV-2 infection [26]. 

Conclusion 

In conclusion, we believe that these compounds can effectively prevent SARS-CoV-

2 infection, and that the medications have a strong chance of combating the disease. 
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