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ABSTRACT 
 

Quinine sulfate, the main active compound from quinine extract, has been applied as an old drug under the 

category of a limited over-the-counter drug. This compound is a medication used commonly to treat malaria. 

This includes the treatment of malaria caused by Plasmodium falciparum which is resistant to chloroquine 

when artesunate is not available. In addition, quinine and its derivatives showed antibacterial, antifungal, 

and antiviral activities.  Microbial resistance to quinine occurs in certain areas of the world. In addition, 

quinine can affect kidney function, hematology, cardiovascular function, and liver function as the major side 

effects. Novel biocompatible micro and Nano formulations are needed to overcome these disadvantages. 

The present mini-review has tried to address these formulations considering their antimicrobial activities.    
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Introduction 

Quinine (C20H24N2O2) is an alkaloid, a naturally 

occurring chemical compound (Figure 1) [1]. It has 

been showed that the bark of Remijia and Cinchona 

genera contains a suitable percentage of quinine [2, 3]. 

Also, several therapeutic and curative effects including 

antiparasitic, antibacterial, antiviral, antifungal, and 

anticancer activities have been found for quinine and 

its analogs [1, 4, 5]. However, the cytotoxicity of this 

compound leads to some side effects such as headache, 

ringing in the ears, vision issues, low blood platelets, 

an irregular heartbeat, and sweating [6]. It is unclear if 

use during pregnancy causes harm to the baby, treating 

malaria during pregnancy with quinine when 

appropriate is still recommended. How it works as a 

medicine is not entirely clear. As we know there are 

some subgroups of heterocyclic alkaloids such as 

Imidazoles, piperidines, purines, isoquinolines, 

tropanes, quinolizidines, pyrrolidines, and 

pyrrolizidines. (Figure 2) [7]. Effective biocompatible 

micro and nanoformulations based on organic and  

 

inorganic nanomaterials such as lipid and metallic 

nanoparticles are required to reduce the systemic 

toxicity of quinine [8-10]. This mini-review has tried 

to discuss progress and challenges in novel 

formulations of quinine with antibacterial, antiviral, 

and antifungal activities.  

 

 

 
Fig. 1. Chemical structure of quinine (a) , chloroquine (b) , 

and hydroxychloroquine (c). 
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Fig. 2. Heterocyclic alkaloids can be classified into 14 subgroups [7]. 

 

Antibacterial activity 

Drugs with cationic amphiphilic properties can interact 

with membrane phospholipids by electrostatic 

interaction between the cationic nitrogen and the 

negatively charged phosphate of the phospholipid head 

group [11, 12]. Besides, drug pharmacodynamics and 

pharmacokinetics can be affected by cationic 

amphiphilic compounds. Significant antibacterial 

activity against methicillin-resistant Staphylococcus 

aureus (MRSA) was found for amphiphilic cationic 

quinine-derived [13]. The availability of antibiotics has 

led to many bacterial strains becoming resistant to 

them, making antimicrobial resistance one of the most 

pressing problems facing humanity today. Therefore, 

finding new antimicrobial agents is of utmost 

importance, especially from traditional medicinal 

plants and their derivatives, the antimicrobial 

properties of some quinine esters have been 

demonstrated in a screening study of Escherichia coli,  

 

Staphylococcus aureus, Pseudomonas aeruginosa, and 

Bacillus substillis. Due to their potential antimicrobial 

activities, these compounds could be used against both 

Gram-negative and Gram-positive bacteria [14]. 

Quinine can bind heme and has antimalarial effects in 

Plasmodium spp. This alkaloid can inhibit heme’s 

interaction with DOCK8 (dedicator of cytokinesis 8) 

protein for bacterial host clearance [15, 16]. Due to the 

common side effects of quinine for malaria treatment, 

modified quinine-based derivatives have been 

developed. They are also antimalarial drugs, but they 

are more potent and have less potential for side effects 

[17]. 

Literature indicates that quinine derivatives inhibit S. 

aureus, Streptococcus pneumoniae, P. aeruginosa, and 

E. coli. DNA synthesis is inhibited by quinoline 

derivatives, resulting in bacterial cell death as DNA 

gyrase is cleaved. The ability of compounds in the 

quinoline series, such as those used to prevent 
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pathogenic processes in the body, particularly those 

caused by S. aureus, to participate in the irreversible 

suppression of transpeptidase activity, is not yet fully 

understood, Molecularly identified a penicillin-binding 

protein that catalyzes peptidoglycan synthesis, an 

essential component of bacteria’s cell wall, contributes 

to pathogen death [17]. Some bacteria that infect the 

skin were reported to be inhibited by quinine sulfate. 

In addition, the significant antibacterial activity of 

amphiphilic, cationic, and quinine-derived compounds 

against most pathogenic bacteria, including MRSA, 

has been reported [18].  

 

Antiviral activity  

The first study about quinine's efficacy as an antiviral 

agent was done in 1946 by Seeler and coworkers. This 

study concluded that quinine has an antiviral effect 

against the influenza virus by consistently slowing the 

course of influenza virus infection [19]. Quinine 

sulfate has a chemical structure (Figure 1) and 

mechanism similar to chloroquine and 

hydroxychloroquine, which can bind to the Lys353 

residue in the peptide domain of the angiotensin-

converting enzyme 2 (ACE-2) receptor of severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) 

[3]. The most common bioactive compounds isolated 

from the Cinchona genus related to Rubiaceae family 

are quinidine, quinine, cinchonidine, and cinchonine 

[20]. The outbreak of dengue virus (DENV) from the 

Flaviviridae family continues to develop globally with 

associated mortality and substantial monetary burden, 

however, no treatment has been accepted to combat the 

virus. A study evaluated four drugs approved by the 

Food and Drug Administration (FDA), including 

aminolevulinic acid, azelaic acid, mitoxantrone 

hydrochloride, and quinine sulfate, which tested its 

ability to inhibit DENV replication. Quinine inhibited 

the production of DENV by about 80% compared to 

untreated controls, while the other three drugs reduced 

the production of the virus by about 50%. These results 

show how effective quinine is at stimulating antiviral 

genes to reduce DENV replication [21].  

Few studies have investigated the role of quinine in the 

treatment of malaria in human immunodeficiency virus 

(HIV)-infected populations. The first study, conducted 

in the Congo in 1986, showed a 92% cure rate for 

malaria in HIV-infected patients treated with oral 

quinine, with similar results in HIV-negative patients. 

In Nigeria, coadministration of nevirapine and quinine 

significantly decreased plasma levels of quinine and 

increased plasma levels of 3-hydroxyquinine 

(C20H24N2O3), the major metabolite of quinine [22]. A 

study showed that quinine in Vero cells inhibited 

SARS‑CoV‑2 infection more effectively compared to 

chloroquine and hydroxychloroquine, which was less 

toxic. Quinine also exhibited antiviral activity in 

human Caco-2 colonic epithelial cells and the lung cell 

line A549, which stably expresses ACE2 and trans-

membrane protease serine 2 (TMPRSS2) [23].  

A molecular docking study determined the interaction 

between SARS-CoV-2 and quinine derivative 

compounds. The results showed that of the 10 

compounds tested against SARS-CoV-2 virus cells, all, 

including quinine, were capable of acting as antiviral 

agents [24]. Antiviral activity of quinine and its 

derivatives has also been demonstrated in several other 

viruses, including H1N1 [25], HIV, influenza A virus, 

Zika virus, Ebola, and dengue [26-28].  

Recent studies indicated the main antiviral mechanism 

of quinine as the indirect killer of viruses. Previous 

studies have examined the significant antiviral effect of 

quinine sulfate on cells infected with the dengue virus. 

As a relative similarity between the SARS-CoV-2 and 

dengue virus structures, SARS-CoV-2 may apply 

certain similar ways to infect the cell and trigger 

cytokines to fight the virus (Figure 3). Virus-infected 

host cells cause viral RNA to break out and interfere 

with normal protein synthesis. However, in infected 

host cells, increased expression of the pathogen 

recognition receptor of retinoic acid-inducible gene I 

(RIG-I) [29]. Moreover, this alkaloid as an 

immunostimulator induces the production of 

interferon-alpha (IFN-α)  cytokines against viruses 

[30]. Quinine significantly suppresses the synthesis of 

HSV-1 proteins, inhibiting the first stages of the 

influenza A (H1N1) replication cycle [31]. It has been 

suggested that quinine exerts its anti-viral effect by 

indirectly acting on host cells by inducing a cellular 

defense mechanism, which may interfere with multiple 

events throughout the virus replication cycle. In 

addition to quinine-induced kappa-B nuclear factor 

(NF-kB) inhibition, this metabolite can inhibit gene 

expression and results in a significant reduction in viral 

infection [26]. Also, quinine has proven antiviral 

effects against the herpes simplex virus (HSV) [32].  
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Antifungal activity  

Quinoline can cause changes in the cell membrane 

permeability, loss of mitochondrial membrane 

potential, accumulation of reactive oxygen species 

(ROS), and effective inhibition of germination and 

formation of S. sclerotiorum sclerotia [1]. Systemic 

toxicity of quinine can be reduced by conjugation of 

the triazole moiety with quinine. Quinine-triazole 

hybrid exhibited a remarkable antifungal effect at 

micromolar amounts compared to reference drugs. 

Minimum inhibitory concentrations (MICs) were 

121.3, 112.7, and 119.4 μM/mL against Aspergillus 

clavatus, Aspergillus niger, and Candida albicans 

respectively for this quinine derivative [33].  

 

 

 
Fig. 3. Mechanism of quinine sulphate as an antiviral agent (extracted from [29]). 

 

 

Conclusions  

Quinine and its derivatives can inhibit DNA synthesis 

and lead to bacterial cell death as DNA gyrase damage. 

Indirect killing of the virus has been found as the 

major antiviral mechanism of quinines. In addition, as 

an immunostimulator, this alkaloid increases the 

production of IFN-α cytokines against viruses. As the 

main antifungal mechanisms, changes in the cell 

membrane permeability, accumulation of ROS, loss of 

mitochondrial membrane potential, and effective 

inhibition of germination and formation of fungi have 

been found for some quinoline derivatives. Cationic 

amphiphilic derivatives of quinine can interact with 

phospholipids of the membrane via electrostatic 

interaction between the cationic nitrogen and the  

negatively charged phosphate of the phospholipid head 

group. 

 

Study Highlights 

 DNA synthesis of Gram-negative and Gram-

positive bacteria can be inhibited by quinine and its 

derivatives. 

 Quinine can increases the production of IFN-α 

cytokines against viruses. 

 Changes in the cell membrane permeability, 

accumulation of ROS, and loss of mitochondrial 

membrane potential have been recognized for some 

quinoline derivatives. 
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