
El‑Meidany et al. 
Bulletin of the National Research Centre          (2023) 47:156  
https://doi.org/10.1186/s42269‑023‑01136‑4

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Bulletin of the National
Research Centre

In vitro antiviral effect of cinnamon oil, 
Moringa oleifera extract, Manuka honey, 
and Nigella sativa oil against SARS‑CoV‑2 
compared to remdesivir
Walaa M. R. El‑Meidany1*  , Fagr K. Abdel‑Gawad2, Sara H. Mahmoud3 and Mohamed A. A. Ali3 

Abstract 

Background Severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2) is of a public health importance as it 
is continually evolving due to random mutations. New mutations can potentially affect the degree of infectious‑
ness, virulence, and can increase the virus’ capability to evade adaptive immune responses of the body. Immunity 
is one of the key factors determining the extent of severity of SARS-CoV-2 patients. Therefore, thinking about natural 
remedies is the way to boost immunity, keep the body protected, and able to fight the SARS-CoV-2 virus. We aimed 
to make progress in the field of anti‑SARS-CoV-2 nutraceuticals, thus providing a safe and natural alternative to tradi‑
tional chemically manufactured medications.

Methods The cytotoxic activity  (CC50) of the natural products was tested experimentally in vitro on the VERO‑E6 cells 
using a crystal violet assay. The cells were then treated with different concentrations of the natural products of Mor-
inga oleifera leaves extract, cinnamon bark oil extract, Manuka honey, and Nigella sativa oil. The inhibitory concentra‑
tion 50  (IC50) value and the  CC50 value were calculated in order to measure the antiviral effect of on SARS-CoV-2 virus 
compared to antiviral Remdesivir drug.

Results The tested natural products of honey and extracts exhibited pronounced virucidal effect against one 
of the most challenging viruses worldwide which is the SARS-CoV-2 virus. The results showed that the highest selectiv‑
ity index was the Manuka honey + 20 UMF with SI of 10.23. The second sample following Manuka honey regarding its 
efficiency was the mixture of the three extracts with the honey (SI = 7.12), then followed by Remdesivir antiviral drug 
(SI = 3.3), then Moringa oleifera leaves extract (SI = 2.1). The last two products showing the least SI were Nigella sativa oil 
(SI = 1.6) and cinnamon bark oil (SI = 1.08), respectively.

Conclusions Manuka honey + 20 UMF alone or combined with other three extracts of Moringa oleifera, Nigella sativa, 
and cinnamon bark oil have a much stronger in vitro antiviral effect on SARS-CoV-2 virus than the traditional antiviral 
drug Remdesivir. Further research will be needed to test the effectiveness of these natural products in vivo as an anti‑
viral remedy against SARS-CoV-2 virus.
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Background
The SARS-CoV-2 pandemic has spread globally since 
cases were reported in China. In 2022, cases exceeded 
500 million, causing more than six million deaths. Indi-
viduals of all ages are at risk for infection with the SARS-
CoV-2 virus as well as developing severe complications. 
However, it is higher among people aged 60 years, suffer-
ing from chronic medical conditions, and living in a nurs-
ing home or any care facility (SARS-CoV-2 Treatment 
Guidelines Panel 2023).

The SARS-CoV-2 is continually evolving due to random 
mutations, while new mutations can potentially affect the 
degree of infectiousness as well as the degree of virulence 
of the virus. It can also increase the virus’ capability to 
evade adaptive immune responses from previous SARS-
CoV-2 infection or previous vaccination. This evolutional 
characteristic of the SARS-CoV-2 virus may increase the 
risk of reinfection or decrease the efficacy of SARS-CoV-
2-targeted vaccines (SARS-CoV-2 Treatment Guidelines 
Panel 2023).

A variety of medicinal plants have been used for many 
centuries either as dietary supplements or as traditional 
treatments for many ailments (Wood 1997). The Mor-
inga tree (Moringa oleifera) has been known as a miracle 
tree many years ago and has also been used in treating for 
many diseases. Nowadays, as a result of increased atten-
tion to natural products, various therapeutic effects of 
Moringa oleifera such as antimicrobial, antioxidant, anti-
diabetic, anti-inflammatory, and anticancer effects have 
been tested (Jung 2014).

Moringa oleifera also exhibited antiviral activity toward 
influenza A virus subtype H1N1. It was observed and 
indicated that Moringa oleifera can be a promising 
medicinal remedy for the prophylaxis and treatment of 
influenza virus infection. One of the key roles of Moringa 
oleifera in suppressing infection with SARS-CoV-2 virus 
was as an immune booster. This is very crucial because 
immunity is one of the important factors determining the 
degree of severity of SARS-CoV-2-infected patients. Indi-
viduals who have good immunity can survive attacks by 
the SARS-CoV-2 virus (Xiong et al. 2021).

Cinnamaldehyde which is found in cinnamon oil is an 
important natural flavonoid. It is known that flavonoids 
are powerful natural anticancer compounds that func-
tion through the inhibition of histone deacetylase that 
can induce apoptosis and programed cell death in many 
cancer cell types. Therefore, it is considered a powerful 
anticancer agent that can restore programmed cell death 
in malignant cells (Kim 2022; Kim and Bae 2011).

Honey has high nutritional and therapeutic values. 
There are many published works referring to the antimi-
crobial effects of honey, and that the honey can be ben-
eficial for cases of SARS-CoV-2 viral infection which is 

caused by a potent enveloped virus SARS-CoV-2 through 
boosting the host immune system, as well as improving 
other comorbid conditions. This can be done by several 
major mechanisms including direct virucidal proper-
ties, improving comorbid conditions, and boosting host 
immune signaling pathways. Moreover, honey may act as 
a preventive agent against increased or diffuse inflamma-
tion caused by SARS-CoV-2 virus. Manuka honey showed 
higher total phenols content than most other types of 
honey cited in the literature. There is a strong correla-
tion between the total phenolic content, and antioxidant 
power, as well as the Unique Manuka Factor (UMF) rat-
ing for Manuka honey (Portokalakis et al. 2016). Manuka 
honey has a virucidal effect as it contains methylglyoxal 
(GMO), a bioactive component, and has in  vitro antivi-
ral activity. Methylglyoxal can modify arginine residues 
found in the functional domains of viral spike and nucle-
ocapsid proteins, causing protein misfolding and inacti-
vation (Elbashir et al. 2021).

Nigella sativa seeds were proven to be a safe and potent 
adjuvant therapeutic agent against SARS-CoV-2 infec-
tion. It decreases complications and prevents deaths. So, 
it may lower the overall burden on healthcare systems 
significantly. Al-Haidari et  al. (2021) found that SARS-
CoV-2-infected patients who were treated with black 
seeds at a dose of 40 mg/kg orally, once daily for two 
weeks in addition to the standard protocol of treatment, 
were significantly lower in the severity of infection than 
the control group and there were not any deaths in black 
seeds group. Therefore, the authors concluded that black 
seed might be very effective in decreasing the degree of 
severity of SARS-CoV-2 infection and preventing death 
among infected patients (Al-Haidari et al. 2021).

Finally, the aim of the study was to assess the in vitro 
antiviral effect of Moringa oleifera extract, cinnamon 
oil, Manuka honey, and N. sativa oil on the SARS-CoV-2 
virus compared to the antiviral Remdesivir drug. The 
main goal of this study was to make progress in the field 
of anti-SARS-CoV-2 nutraceutical research by investigat-
ing a safe and natural alternative to traditional chemically 
manufactured medications as well as decreasing the risk 
of reinfections due to frequent mutations of this virus. 
The percent of inhibition of the tested virus when treated 
with Moringa oleifera leaves extract, cinnamon bark oil 
extract, Manuka honey, and N. sativa oil was calculated 
using the cytotoxicity  (CC50), inhibitory concentration 50 
 (IC50), and selectivity index (SI).

Material and methods
Study setting and design
An experimental study was conducted at the High 
Institute of Public Health Central Laboratory and the 
National Research Center Virology Laboratory. The 
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target virus was SARS-CoV2 virus isolates cultured on 
the experimental tissue culture plates.

Extracts and products processing
Cinnamon bark oil extract preparation
Cinnamon bark (Cinnamomum verum) was accurately 
weighed (100 g) and remaceration and Soxhletation each 
with 96% ethanol 1000 mL. The solution was stored for 
24 h and then filtered using a filter paper (11 cm, 102 
medium). After that the extracted liquid was dried by a 
rotary evaporator device by which the liquid filtrate was 
poured into a large flask and then put in a water bath at a 
temperature of 70 °C at a speed of 50 rpm for one and a 
half hours to obtain cinnamon oil extract. The extracted 
cinnamon oil extract was analyzed to determine the level 
of cinnamaldehyde using both gas chromatography-mass 
spectrometry and high-performance liquid chromatogra-
phy (HPLC) (Wardatun et al. 2017).

Moringa oleifera leaves extract
The dried M. oleifera leaves weighed 150 mg (obtained 
from Siwa Oasis, Western Egypt) were suspended in one 
mL of cold water at 4  °C, then vigorously vortexed for 
thirty seconds, and refrigerated for five minutes to 24 h. 
The suspension was repeatedly vortexed vigorously for 
one minute at room temperature. The water-insoluble 
parts of the suspension were removed by centrifuging it 
twice (12,000 rpm) for 10 min each, and the supernatants 
were collected by membrane filtration of 0.2-mm filter 
paper. The resulting M. oleifera leaves extracts were lyo-
philized and stored at – 20  °C for further analysis (Jung 
2014).

Manuka honey
A 100% pure New Zealand Manuka honey harvested 
from the remote and pristine hills and coastal areas 
in New Zealand with UMF +20. The color was golden 
brown with a heavy thick consistency. The pH ranges 

from 3.5 to 4.5. It was tested in 2022 by the Hill Labora-
tories in Hamilton, New Zealand, and the results showed 
that dihydroxyacetone (DHA) was 1182 mg/kg, lepto-
sperin was 760 mg/kg, methylglyoxal was 831 mg/kg, 
hydroxymethylfurfural was (HMF) 27.80 mg/kg (Unique 
Manuka Factor (UMF) 2022). The honey was kept at a 
cold room temperature of 10–20 °C in a dark place (not 
the fridge), and it was prepared freshly before use, at dif-
ferent concentrations (1.25–20%) for 24 to 48 h (Portoka-
lakis et al. 2016).

Nigella sativa oil
A 100% natural organic cold-pressed Nigella sativa oil 
extract was obtained from Imtinan Health shop, Egypt. It 
was kept at room temperature and then dissolved at con-
centrations of 0.6 and 1.25% (v/v) for 24 h (Alsanosi and 
Sheikh 2022).

In vitro laboratory methods
Cytotoxicity  (CC50) determination
The natural products of Manuka honey and extracts of 
Moringa oleifera and Nigella sativa were dissolved in 10% 
dimethyl sulfoxide solvent (DMSO, Sigma-Aldrich), while 
the extract of cinnamon bark oil was dissolved double-
distilled water (ddH2O) at tested concentrations. Cyto-
toxic activity of the products was tested in VERO-E6 cells 
using a crystal violet assay (Feoktistova et al. 2016) with 
minor modifications. In brief, the cells were seeded in 
96-well plates (100 μl/well at a density of 3 × 105 cells/ml)  
and then incubated for 24 h at 37 °C in 5% carbon diox-
ide  (CO2). After 24 h, the cells were treated with differ-
ent concentrations of the honey and extracts in triplicate. 
At 27  h post-treatment, the supernatant was removed 
and discarded, while the cell monolayers were fixed with 
10% formaldehyde for one hour at room temperature. 
The fixed monolayers were further dried thoroughly 
and stained with 50  μl of 0.1% crystal violet for twenty 
min at room temperature on a bench rocker. The mon-
olayers were then washed, and left to dry overnight, and 
the crystal violet dye in each well was dissolved in 200 μl 
methanol for twenty minutes on a bench rocker at room 
temperature. The absorbance of the crystal violet solu-
tions was measured at a maximum wavelength (λmax) of 
570 nm as a reference wavelength using a multi-well plate 
reader. The  CC50 value was calculated using the software 
(GraphPad Prism software version 5.01) and analyzed 
by the nonlinear regression analysis by plotting log con-
centrations of the tested honey and extracts compared to 
normalized response (variable slope) (Mosmann 1983).

The concentration that displayed 50% cytotoxicity 
 (CC50) was calculated using a plot of percent cytotoxicity 
in opposition to sample concentration (Mosmann 1983).

Inhibitory concentration 50  (IC50) determination
The  IC50 values for natural products of Manuka honey 
and Moringa oleifera, Nigella sativa, and cinnamon bark 
were all analyzed by the nonlinear regression analysis of 
GraphPad Prism software (version 5.01) through plot-
ting log inhibitor against normalized response (variable 

cytotoxicity percentage% =

absorbnce of cells with no treatment − absorbance of cells with treatment

absorbance of cells with no treatment
X100
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slope) (Mostafa et  al. 2020). The 2.4 ×  104 Vero-E6 cells 
were placed in each well of 96-well tissue culture plates 
and then cultured overnight at a temperature of 37 °C in 
a humidified 5%  CO2 incubator. Afterward, the cell mon-
olayers were rinsed once in 1 × phosphate-buffered saline 
(PBS) (Kandeil et al. 2020).

An aliquot of the SARS-CoV-2 "NRC-03-nhCoV" virus 
containing 100  TCID50 was prepared and incubated with 
serially diluted concentrations of the tested products of 
honey and extracts which were kept at a temperature 
of 37 °C for one hour. Moreover, another set of Vero-E6 
cells was treated with a virus/products mix and co-incu-
bated at a temperature of 37 °C in a total volume of 200 
µl per well. The untreated cells infected with the SARS-
CoV-2 virus represent virus control; on the other hand, 
untreated cells that have not been infected represent cell 
control. The cells were fixed with 100 μl of 10% paraform-
aldehyde for twenty minutes and stained with 0.5% crys-
tal violet in distilled water for fifteen minutes at room 
temperature after being incubated for seventy-two hours 
at a temperature of 37  °C in a 5% carbon dioxide incu-
bator. Afterward, 100 μl of absolute methanol per well 
was added to liquefy the crystal violet dye and the optical 
density of the color was measured at 570 nm using the 
plate reader Anthos Zenyth 200rt. The  IC50 of the tested 
natural products was needed to reduce the virus-induced 
cytopathic effect (CPE) by 50%, relative to the virus con-
trol (Kandeil et al. 2020).

Statistical analysis
The  IC50 value and the  CC50 value were calculated by 
GraphPad Prism software version 5.0 using the non-
linear regression analysis; this was done by plotting log 
concentrations of the tested natural products of honey 
and extracts against normalized response on a variable 
slope curve. The selectivity index was calculated by divid-
ing the  CC50 value by the  IC50 value (Mosmann 1983; 
Mostafa et al. 2020).

Results
Figure  1 describes the dose–inhibition curves for anti-
SARS-CoV-2 "NRC-03-nhCoV" virus and the inhibitory 
concentration 50  (IC50), and cytotoxicity  CC50 values 
for all tested products of honey and extracts. Cinnamon 
oil extract showed  CC50 1.06 µg/ml and  IC50 0.98 µg/
ml, while Moringa oleifera extract showed  CC50111.54 
µg/ml and  IC50 was 52.79µg/ml. Manuka honey showed 
 CC50 11.135 µg/ml and  IC50 1.08 µg/ml, while N. sativa 
oil showed  CC50 6.05 µg/ml and  IC50 3.71. The mixture 
of honey and the above extracts showed  CC50 7.883 µg/
ml and  IC50 1.10 µg/ml µg/ml, while Remdesivir showed 
 CC50 201.5 µg/ml and  IC50 60.74 µg/ml.

Table  1 describes the antiviral activity and selectiv-
ity index of all tested products of Manuka honey and 
extracts of M. oleifera, N. sativa, and cinnamon bark oil 
against SARS-CoV-2 "NRC-03-nhCoV" virus. Manuka 
honey showed the highest selectivity index of 10.23, fol-
lowed by a mixture of cinnamon bark oil, M. Oleifera, 
Manuka honey, and N. sativa oil with a SI of 7.12. The 
third highest SI was Remdesivir (3.3), then M. oleifera 
leaves extract (2.1), then N. sativa oil (1.6), and cinnamon 
bark oil extract (1.08), respectively. 

Identification of compounds in cinnamon bark oil extract
GC‑Mass spectrometry
The results showed that the compound with the highest 
peak was cinnamaldehyde with a peak area of 68.89% at a 
retention time of 12.24 min.

High‑performance liquid chromatography
The cinnamaldehyde 98% chemical reference substance 
(LOBA Chemie laboratory reagents and fine chemicals, 
India) was dissolved in acetonitrile and then injected into 
the HPLC. The highest peak of the standard chemical 
was 3.477 retention time, and the cinnamon oil extract 
showed the highest peak at 3.261 retention time. The cin-
namaldehyde concentration was calculated to be equal to 
72.1 μg/gm of the sample.

Discussion
A combination of the four natural products, Moringa 
oleifera, Nigella sativa, and cinnamon bark oil, and 
Manuka honey, was studied for the first time compared 
to the antiviral drug Remdesivir. However, each of them 
(Manuka honey and extracts) was tested alone in previ-
ous studies either experimentally in the laboratory or 
clinically on humans.

Obtained results shown in Fig.  1 and Table  1 are in 
line with El Bashir, et  al., that was carried out in 2021 
on Manuka honey which concluded that Manuka honey 
has potent antiviral activity against SARS-CoV-2 when 
put and incubated with the virus in cell-free media at 
no greater than 40-fold dilutions of 250 + grade. This is 
attributed to the methylglyoxal content of Manuka honey 
which mediated the antiviral effect. However, in our 
study, the tested Manuka honey was 20 + UMF which is 
equal to 829 + MGO (methylglyoxal) which is much more 
powerful than that used by authors in 2021 (Elbashir 
et al. 2021).

The antiviral effect of Moringa oleifera leaves extract 
on the SARS-CoV-2 virus can be explained by Siddiqui S, 
et al., in 2022 which concluded that bioactive compounds 
of M. oleifera leaves extract showed a very powerful bind-
ing affinity with SARS-CoV-2 spike glycoprotein. The 



Page 5 of 7El‑Meidany et al. Bulletin of the National Research Centre          (2023) 47:156  

Fig. 1 Dose–inhibition curves for anti‑SARS-CoV-2 "NRC‑03‑nhCoV" virus and the inhibitory concentration 50  (IC50) and cytotoxicity  CC50 values 
for product 1 (cinnamon extract), product 2 (M. oleifera leaves extract), product 3 (Manuka honey), product 4 (N. sativa oil), product 5 ( mixture 
of the first 4 products), and product 6 ( Remdesivir)
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best were β-tocopherol and β-sitosterol showed good sta-
bility. Interestingly, most of the phytoconstituents of M. 
oleifera displayed drug-likeness with no toxicity (Siddiqui 
et al. 2022).

The data presented in Fig.  1 and Table  1 showed that 
cinnamon oil has an antiviral effect against the SARS-
CoV-2 virus. This can be explained by Zareie A, et  al. 
that the active ingredients in cinnamon such as cinna-
maldehyde and trans-cinnamic acid can decrease the 
production of inflammatory cytokines by suppressing 
the inflammatory pathways. Thus, it is possible that the 
beneficial effects of cinnamon on suppressing inflamma-
tion may help in controlling and preventing SARS-CoV-2 
complications (Zareie et al. 2021).

Although our data showed that Nigella sativa oil was of 
lower selectivity and lower antiviral effect than other tested 
products of honey and extracts, when it was tested on 
humans it gave good results according to Al-Haidari, et al., 
on SARS-CoV-2-infected patients given Nigella sativa 
seeds (40 mg/kg dose orally) daily for two weeks in addi-
tion to the standard medications given to those patients. It 
was found that there was a significant decline in the degree 
of severity of infection with SARS-CoV-2 compared to the 
control group. The improvement might be attributed to 
the presence of an active compound called Thymoquinone 
in N. sativa seeds. This compound has the ability to reduce 
oxidative stress and influences the immune modulators, 
thus helping in reducing the cytokine storm chances and 
mortalities (Al-Haidari et al. 2021).

Generally, in our research, there were some limitations 
such as having difficulty in avoiding all possible errors 
and having full control of the research variables; we had 
to repeat some work to reach the ultimate results which 
was time-consuming as well. Also, it cannot be gener-
alized at the population level and should be tested on 
real-life SARS-CoV-2-infected patients to determine its 
potency and efficiency.

Conclusions
This study highlighted that Manuka honey + 20 UMF 
alone or combined with other three extracts of Moringa 
oleifera leaves extract, Nigella sativa, and cinnamon oil 
were found to have a much more potent antiviral effect 
on SARS-CoV-2 than the traditional antiviral drug Rem-
desivir. This can be useful and important for provid-
ing a natural immune-boosting antiviral remedy for 
patients with SARS-CoV-2 infection or those at risk of 
SARS-CoV-2 infection. Further research will be needed 
for in vivo testing and determining the effective dose of 
those extracts and honey as a potential treatment for 
SARS-CoV-2 disease.

Abbreviations
SARS‑CoV‑2   Severe acute respiratory syndrome coronavirus 2
UMF   Unique Manuka Factor
HPLC   High‑performance liquid chromatography
CC50  Cytotoxicity
IC50  Inhibitory concentration 50
SI  Selectivity index
DMSO  Dimethyl sulfoxide
ddH2O  Double‑distilled water
CO2  Carbon dioxide
Rt  Room temperature
λ max  Maximum wavelength
TCID50  The median tissue culture infectious dose
CPE  Virus‑induced cytopathic effect
GMO  Methylglyoxal
M. oleifera  Moringa oleifera
N. sativa  Nigella sativa

Acknowledgements
We are grateful to all of those with whom we have had the pleasure to work 
during this study for providing us with extensive personal and professional 
guidance and teaching us a great deal about both scientific research and life 
in general.

Author contributions
All authors contributed equally to this research work. WM was responsible for 
the extraction of the tested natural products and writing of the manuscript. 
FK was responsible for analyzing the data of the study. SM was responsible for 
the statistical interpretation of the results after testing of natural compounds 
on the virus. MA was responsible for all the virology testing and tissue culture 
processes in the laboratory at the NRC. All authors read and approved the final 
manuscript.

Funding
This research did not receive any grant or specific funding from funding 
agencies.

Availability of data and materials
All data generated and analyzed during this study are included in this article. 
Also, the related datasets are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable.

Table 1 The antiviral activity and selectivity index of all tested 
products of Manuka honey and extracts of M. oleifera, N. sativa, 
and cinnamon bark oil against SARS-CoV-2 "NRC‑03‑nhCoV" virus:

Product’s no CC50 IC50 SI 
(selectivity 
index)

1. Cinnamon bark oil 1.063 0.983 1.08

2. M. oleifera leaves extract 111.548 52.794 2.11

3. Manuka honey UMF 20 + 11.135 1.088 10.23

4. N. sativa oil 6.050 3.715 1.60

5. Mixture of the above (cinnamon bark 
oil, M. Oleifera, Manuka honey, N. sativa 
oil)

7.883 1.107 7.12

6. Remdesivir 100 mg 201.561 60.741 3.30



Page 7 of 7El‑Meidany et al. Bulletin of the National Research Centre          (2023) 47:156  

Competing interests
No conflict of interest.

Author details
1 Nutrition Department, High Institute of Public Health, Alexandria University, 
Alexandria, Egypt. 2 Center of Excellence for Advanced Science, National 
Research Center, Giza, Egypt. 3 Center of Scientific Excellence for Influenza 
Viruses, National Research Center, Giza 12622, Egypt. 

Received: 25 February 2023   Accepted: 25 October 2023

References
Al‑Haidari KAA, Faiq T, Ghareeb O (2021) Clinical trial of black seeds against 

COVID‑19 in Kirkuk City/Iraq. Indian J Med Forensic Med Toxicol 
15(3):3393–3399. https:// doi. org/ 10. 37506/ ijfmt. v15i3. 15825

Alsanosi S, Sheikh RA (2022) The potential role of Nigella sativa seed oil as 
epigenetic therapy of cancer. Molecules 27(9):2779. https:// doi. org/ 10. 
3390/ molec ules2 70927 79

Elbashir I, Aisha Nasser JM Al‑Saei A, Thornalley P, Rabbani N (2021) Evaluation 
of antiviral activity of Manuka honey against SARS-CoV-2. Faculty and 
Post‑graduated, Qatar University. https:// qspace. qu. edu. qa/ bitst ream/ 
handle/ 10576/ 24398/ 326. pdf? seque nce= 1& isAll owed=y. Accessed 15 
July 2023.

Feoktistova M, Geserick P, Leverkus M (2016) Crystal violet assay for determin‑
ing viability of cultured cells. Cold Spring Harb Protoc. https:// doi. org/ 10. 
1101/ pdb. prot0 87379

Jung IL (2014) Soluble extract from Moringa oleifera leaves with a new antican‑
cer activity. PLoS ONE 9(4):e95492. https:// doi. org/ 10. 1371/ journ al. pone. 
00954 92

Kandeil A, Mostafa A, El‑Shesheny R, Shehata M, Roshdy WH, Ahmed SS, 
Gomaa M, Taweel AE, Kayed AE, Mahmoud SH, Moatasim Y, Kutkat O, 
Kamel MN, Mahrous N, Sayes ME, Guindy NME, Naguib A, Ali MA (2020) 
Coding‑complete genome sequences of two SARS-CoV-2 isolates from 
Egypt. Microbiol Resour Announc 9(22):e00489‑e1420. https:// doi. org/ 10. 
1128/ mra. 00489‑ 20

Kim TW (2022) Cinnamaldehyde induces autophagy‑mediated cell death 
through ER stress and epigenetic modification in gastric cancer 
cells. Acta Pharmacol Sin 43(3):712–723. https:// doi. org/ 10. 1038/ 
s41401‑ 021‑ 00672‑x

Kim HJ, Bae SC (2011) Histone deacetylase inhibitors: molecular mecha‑
nisms of action and clinical trials as anti‑cancer drugs. Am J Transl Res 
3(2):166–179

Mosmann T (1983) Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays. J Immunol Methods 
65(1–2):55–63. https:// doi. org/ 10. 1016/ 0022‑ 1759(83) 90303‑4

Mostafa A, Kandeil A, Elshaier Y, Kutkat O, Moatasim Y, Rashad AA, Shehata M, 
Gomaa MR, Mahrous N, Mahmoud SH, GabAllah M, Abbas H, Taweel AE, 
Kayed AE, Kamel MN, Sayes ME, Mahmoud DB, El‑Shesheny R, Kayali G, 
Ali MA (2020) FDA‑approved drugs with potent in vitro antiviral activity 
against severe acute respiratory syndrome coronavirus 2. Pharmaceuti‑
cals (basel) 13(12):443. https:// doi. org/ 10. 3390/ ph131 20443

Portokalakis I, Hi M, Ghanotakis D, Nigam P, Owusu‑Apenten R (2016) Manuka 
honey‑induced cytotoxicity against MCF7 breast cancer cells is correlated 
to total phenol content and antioxidant power. J Adv Biol Biotechnol 
8:1–10. https:// doi. org/ 10. 9734/ JABB/ 2016/ 27899

SARS-CoV-2 Treatment Guidelines Panel (2023) Coronavirus Disease 2019 
(SARS-CoV-2) Treatment Guidelines. National Institutes of Health. https:// 
www. covid 19tre atmen tguid elines. nih. gov/. Accessed 15 July 2023

Siddiqui S, Upadhyay S, Ahmad R, Barkat MA, Jamal A, Alothaim AS, Hassan 
MZ, Rahman MA, Arshad M, Ahamad T, Khan MF, Shankar H, Ali M, Kaleem 
S, Ahmad J (2022) Interaction of bioactive compounds of Moringa 
oleifera leaves with SARS-CoV-2 proteins to combat COVID‑19 pathogen‑
esis: a phytochemical and in silico analysis. Appl Biochem Biotechnol 
194(12):5918–5944. https:// doi. org/ 10. 1007/ s12010‑ 022‑ 04040‑1

Unique Manuka Factor (UMF) (2022) Unique Mānuka Factor UMF™—a Quality 
Mark. https:// www. umf. org. nz/ manuka‑ honey‑ certi ficat ion‑ search/. 
Accessed 27 July 2023

Wardatun S, Rustiani E, Alfiani N, Rissani D (2017) Study effect type of extrac‑
tion method and type of solvent to cinnamaldehyde and trans‑cinnamic 
acid dry extract cinnamon (Cinnamomum burmanii [Nees & T, Nees]
Blume). J Young Pharm 9(1):s49–s51

Wood M (1997) The book of herbal wisdom: using plants as medicine. North 
Atlantic Books press, California

Xiong Y, Rajoka MSR, Mehwish HM, Zhang M, Liang N, Li C, He Z (2021) Viru‑
cidal activity of Moringa A from Moringa oleifera seeds against Influenza 
A Viruses by regulating TFEB. Int Immunopharmacol 95:107561. https:// 
doi. org/ 10. 1016/j. intimp. 2021. 107561

Zareie A, Soleimani D, Askari G, Jamialahmadi T, Guest PC, Bagherniya M (2021) 
Cinnamon: a promising natural product against SARS-CoV-2. In: Guest PC 
(ed) Identification of biomarkers, new treatments, and vaccines for SARS-
CoV-2. Springer, Cham, pp 191–195

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.37506/ijfmt.v15i3.15825
https://doi.org/10.3390/molecules27092779
https://doi.org/10.3390/molecules27092779
https://qspace.qu.edu.qa/bitstream/handle/10576/24398/326.pdf?sequence=1&isAllowed=y
https://qspace.qu.edu.qa/bitstream/handle/10576/24398/326.pdf?sequence=1&isAllowed=y
https://doi.org/10.1101/pdb.prot087379
https://doi.org/10.1101/pdb.prot087379
https://doi.org/10.1371/journal.pone.0095492
https://doi.org/10.1371/journal.pone.0095492
https://doi.org/10.1128/mra.00489-20
https://doi.org/10.1128/mra.00489-20
https://doi.org/10.1038/s41401-021-00672-x
https://doi.org/10.1038/s41401-021-00672-x
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.3390/ph13120443
https://doi.org/10.9734/JABB/2016/27899
https://www.covid19treatmentguidelines.nih.gov/
https://www.covid19treatmentguidelines.nih.gov/
https://doi.org/10.1007/s12010-022-04040-1
https://www.umf.org.nz/manuka-honey-certification-search/
https://doi.org/10.1016/j.intimp.2021.107561
https://doi.org/10.1016/j.intimp.2021.107561

	In vitro antiviral effect of cinnamon oil, Moringa oleifera extract, Manuka honey, and Nigella sativa oil against SARS-CoV-2 compared to remdesivir
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Material and methods
	Study setting and design
	Extracts and products processing
	Cinnamon bark oil extract preparation
	Moringa oleifera leaves extract
	Manuka honey
	Nigella sativa oil

	In vitro laboratory methods
	Cytotoxicity (CC50) determination
	Inhibitory concentration 50 (IC50) determination

	Statistical analysis

	Results
	Identification of compounds in cinnamon bark oil extract
	GC-Mass spectrometry
	High-performance liquid chromatography


	Discussion
	Conclusions
	Acknowledgements
	References


