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INTRODUCTION
SARS-CoV-2 continues to cause disease throughout 
the year and seasonal spikes have been identified 
in COVID-19 cases, this has been consistent with 
typical winter months where seasonal respiratory 
viruses usually increase in circulation.30, 27, 28 
Extensive research has been conducted on SARS-
CoV-2, but there are still unknowns regarding the 
potential long-term health effects of COVID-19 
infection and the genetic changes of the virus over 
time.1, 2, 6, 19 Omicron and its descendent lineages are 
responsible for a large proportion of the currently 
circulating variant landscape, and it is believed that 
it would constitute the genetic background from 
which new SARS-CoV-2 variants will likely emerge 
in the future.43 Continued viral evolution remains 
a concern and ongoing sequencing has provided 
monitoring of mutations and guidance of public 
health strategies.29

Vaccination remains the most effective protection 
against infection and severe disease.43, 44 Regular 
booster vaccination is still a key part of the ongoing 
management of COVID-19, especially among 
older and more clinically vulnerable populations.22 
Treatment strategies and guidelines vary between 
different countries as numerous agents are tested 
and either removed from or added to protocols.33, 13, 

18, 37, 17, 14, 34, 38, 15, 45, 36, 16, 4, 26, 10, 12, 9, 39, 25, 7, 5, 20, 21

With the onset of the COVID-19 pandemic, 
scientists looked to explore traditional plant 
remedies as potential sources of antiviral 
compounds.23 Traditional herbal medicines 
represent a rich source of potential therapeutic 
compounds and chemical diversity in the search 
for new COVID-19 treatments. Plant-based 

therapies may have fewer adverse effects than 
synthetic drugs and could bolster natural immune 
function while also improving accessibility, 
especially in poorer countries.48 Tetradenia riparia, 
Tulbaghia acutiloba, and Carissa edulis have been 
widely and traditionally used in folk medicine to 
treat respiratory ailments, as well as their reported 
pharmacological activities, including antiviral and 
anti-inflammatory properties, which make them 
potential candidates for investigating their antiviral 
activity against SARS-CoV-2.3, 32, 24

MATERIALS AND METHODS

Materials

Cells

The H1299-hACE2-E3 cells, Cercopithecus 
aethiops kidney epithelial cell line (Vero E6) 
overexpressing human ACE2 receptor were 
kindly donated by Prof. Alex Sigal, African Health 
Research Institute, University of KwaZulu-Natal, 
South Africa. In cellular cytotoxicity, infectivity, 
and anti-inflammatory experiments, the cell line 
was propagated in RPMI supplemented with 10% 
FBS, 1% NEAA, Na-pyruvate, HEPES, and 2% 
L-Glutamine, which were all acquired from Gibco, 
USA.

SARS-CoV-2

The South African SARS-CoV-2 Omicron BA 2. 12. 
1 variant was originally isolated from a confirmed 
COVID-19 PCR-positive patient sample. The virus 
was grown and propagated in H1299-hACE2-E3 
cells at the Pathogen Research Laboratory at the 
University of the Free State, South Africa. Briefly, 
samples were prepared by a 1:1 dilution with 
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RPMI 1640 maintenance media (Gibco, USA), supplemented with 
2% FBS, 2%L-glutamine (L-glut), 1% NEAA and 1% antibiotics, 1% 
C3H3NaO3, and 1% HEPES, and then filter-sterilised using a 0.2 µM 
nylon filter (GVS North America, USA). A 75 µl aliquot of the sample 
was inoculated on a confluent monolayer of cells in a T25 vented cell 
culture flask. 

Cells were incubated at 37°C for 30 minutes to allow virus adsorption. 
Post-incubation, a 5 ml aliquot of maintenance media was added to the 
flask, and the cells were incubated at 37°C in a carbon dioxide (CO2) 
incubator with 5% CO2. Cells were monitored daily for cytopathic 
effects (CPEs). At the first sign of CPEs, an aliquot of cell culture 
media was tested using the rapid SARS-CoV-2 antigen test card (Boson 
Biotech, China). Positive cell cultures were incubated until 90% CPEs 
were observed, at which time the cells were freeze-thawed and clarified 
by centrifugation at 1 200 xg for five minutes. Confirmation of the 
isolates was performed using next-generation sequencing. The 50% 
tissue culture infectious dose (TCID50) was quantified in replicates of 
six by monitoring CPEs and the virus titer was measured using the Reed 
and Muench (1938) method expressed as infectious units per millilitre 
(IU/ml)35. For infectivity studies, the multiplicity of infection (MOI), 
referred to as the number of infectious viral particles used to infect a 
single cell, needed to be quantified in order to obtain the value, the 
TCID50 was converted to plaque-forming units (PFU) as described by 
Wulff, Tzatzaris and Young (2012), and the MOI was then calculated 
using the following formula: 

MOI = 

Formula 1: Multiplicity of infection (MOI) calculation

Prior to the infectivity experiments, a working virus suspension was 
prepared at a low MOI of 0.01. This suspension was prepared in a 5 ml 
falcon tube in RPMI media; specifically, 100 μl of stock SARS-CoV-2 
was diluted with 5 ml media in a 1:50 ratio to produce a 0.01 MOI. The 
experiments directly involving infection with replication competent 
virus were performed at the Biosafety Level-3 facility at the Pathogen 
Research Laboratory, under the supervision of Prof. Felicity Burt with 
protocols approved by the Environmental and Biosafety Research 
Ethics Committee and the NdoH. 

Preparation of plant extracts

Mature whole plants of C. edulis, T. acutiloba, and T. riparia purchased 
from various plant nurseries in South Africa. Fresh T. acutiloba 
plants were obtained from the SA Bulb Company in August 2022 
(Hartbeespoort, South Africa; 25°47'03.9"S 27°47'37.7"E). Whole C. 
edulis plants were sourced in September 2022 from the Free State 
National Botanical Garden (Bloemfontein, South Africa; 29°03'12.7"S 
26°12'46.8"E). In the same month, T. riparia was collected from 
the Kruger National Park (Phalaborwa, South Africa; 23°59'17.9"S 
31°33'17.1"E). Plant specimens were authenticated by each of the 
nurseries and all plant material was delivered in single batches of 
varying weights between August and September 2022. The plant 
material was inspected for any possible contamination and was washed 
to remove soil, and the leaves, stems, and roots were then separated 
and cut into smaller pieces. The plant parts were then oven-dried at 
60 °C for five days and subsequently ground into a fine powder using a 
blender. The powdered samples were stored at 4 °C pending extraction.

Powdered plant samples were weighed out to 10  g and prepared for 
extraction. The samples were extracted by maceration separately using 
70% C2H6O as the solvent. In a 1 000 ml sterile conical flask, 10 g of 
powdered plant sample was dissolved in 400  ml of solvent and the 
mixture was placed on an orbital shaker to be agitated over 72 hours at 

165 revolutions per minute. The solvent supernatant was then filtered 
through using Whatman No. 1 filter paper and then allowed to dry 
in a 40 °C incubator. The extract samples were reconstituted in 1.5 
ml microcentrifuge tubes in the same 70% ethanol used in extraction 
and filtered using a 0.22 μm syringe filter. A stock concentration of 1 
000 mg/ml was initially prepared and stored in a -20 °C freezer. For 
the infectivity, cytoxicity, and ELISA anti-inflammatory experiments, 
serial dilutions of stock solutions of extracts were prepared using 
culture medium initially at a broad full log-scale dilution series, with 
concentrations of 1 000 μg/ml, 100 μg/ml, and 10 μg/ml (1:10, 1:100, 
and 1:1000). 

Cell viability and cytotoxicity activity on H1299-
hACE2-E3 cells
After passaging, 100  µl of the H1299-hACE2-E3 cells were seeded 
at a density of 2 x 105 cells/ml in a 96-well plate (Thermofischer 
Scientific, USA) and incubated for 24 hours at 37 °C in a humidified 
5% CO2 incubator. After incubating for 24 hours, the supernatant was 
aspirated from the cell monolayer and discarded and 100 µl of plant 
extracts at varying concentrations (25 to 1 000 μg/ml) were added in 
triplicate. Seventy percent C2H6O was used as a vehicle control and 
cells-only controls were also included in triplicate. After incubating 
the cell monolayers with extracts for 48 hours, the cytotoxicity activity 
was measured using the CellTiter 96® AQueous One Solution Cell 
Proliferation Assay (Promega, USA) colorimetric method according to 
the manufacturer’s instructions. For this assay, the culture supernatant 
was first carefully aspirated, and 20 µl of CellTiter 96® AQueous One 
Solution Reagent obtained from the kit was added into each well of the 
96-well assay plate containing the samples and controls. The plate was 
then re-incubated for four hours, and absorbance was recorded at 490 
nm using a multi-well spectrophotometer (Thermofischer Scientific, 
USA). Background absorbance was corrected by a triplicate set of 
control wells (without cells) containing the same volumes of culture 
medium and CellTiter 96® AQueous One Solution Reagent as in the 
experimental wells. To obtain the corrected absorbance, the average 
490 nm absorbance from the no-cell control wells was subtracted from 
all other absorbance values. To obtain the percentage inhibition, the 
following calculation was used:

Formula 2: Percentage cellular inhibition calculation

Non-linear regression analysis was used to calculate IC50 values, 
indicating the concentration of the extracts that reduces the viability of 
the cells by 50% compared to untreated cells. 

Antiviral screening of infectious SARS-CoV-2 virus
The antiviral screening of infectious SARS-CoV-2 virus comprised 
time of extract-addition assay, viral RNA extraction, quantitative real-
time PCR, and the generation of a viral loads standard curve:

Time of extract-addition assay

The antiviral effects of the extracts were evaluated at different times 
of viral infection, as described by Chiang et al. (2002)11. Prior to the 
experiment, H1299-hACE2-E3 cells were seeded at 2 × 105 cells per well 
in 96‐well plates and incubated overnight at 37°C in a humidified CO2 
incubator. The following day, the seeded H1299-hACE2-E3 cells were 
used in two independent experiments. IC50 concentrations of the three 
plant extracts were prepared in RPMI media prior to experimentation. 
An hour before the analysis, the virus stock was removed from the 
‐80  °C freezer and thawed on ice. A working virus suspension was 
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prepared in a 5 ml falcon tube diluted in RPMI media by diluting 100 μl 
of stock SARS-CoV-2 in 5 ml media in a 1:50 ratio in order to produce 
a 0.01 MOI. IC50 concentrations of the extracts were added before and 
after infection in two independent experiments. 

In the first experiment, the H1299-hACE2-E3 cells were treated with 
extracts prior to virus infection to evaluate whether or not the extracts 
can block early viral attachment/entry steps before replication begins 
by interacting directly with viral particles or block cell receptors to 
inhibit binding/entry. This analysis sought to determine if the extracts 
have prophylactic effects. Briefly, H1299-hACE2-E3 cells cultured on 
96-well plates were treated with 100 µl of extracts, and then incubated 
at 37°C for an hour. After incubation, the supernatant was removed 
and the cells were subsequently inoculated with 100 µl of SARS-CoV-2 
MOI of 0.01 and re-incubated at 37 °C for 48 hours. 

In the second experiment, the H1299-hACE2-E3 cells were first 
infected with 100 µl of the virus suspension at an MOI of 0.01 and 
incubated at 37  °C for an hour then treated with the plant extracts. 
This experiment was to evaluate the potential therapeutic effects of the 
extracts against SARS-CoV-2 after infection had been established, in 
order to determine whether the extracts could interfere with the virus’s 
replication cycle or mitigate its effects within already-infected cells.

Viral ribonucleid acid (RNA) extraction 

Viral RNA was extracted from the culture supernatants of the samples 
collected directly from the 96-well plates of the antiviral assay at 24-, 
48-, and 72-hours post-infection, according to the manufacturer’s 
instructions using the Quick-RNATM Viral Kit (Zymo Research, USA). 
Briefly, 200 µl of SARS-CoV-2 supernatant culture was added to 200 µl 
of DNA/RNA Shield™ Buffer (2X concentrate) in a 1:1 ratio. Viral RNA 
buffer was then prepared according to the kit’s protocol by adding 250 
µl of beta-mercaptoethanol (C2H6OS) to 50 ml of viral RNA buffer. 
Viral wash buffer was prepared by adding 24 ml of 100% ethanol to the 
6 ml viral wash buffer concentrate. 

To purify the RNA samples, 800 µl of viral RNA buffer was added 
to each 400 µl sample in (2:1) ratio and mixed well. The mixture was 
transferred into a Zymo-Spin™ IC Column in a collection tube and 
centrifuged for two minutes at 16 000 g. Thereafter, the column was 
then transferred into a new 1.5 ml microcentrifuge collection tube. 
A volume of 500  µl of viral wash buffer was added to the column, 
centrifuged for 30 seconds, and the flow-through discarded. This was 
repeated twice as per the protocol. To the column, 500 µl of C2H6O 
100% was added to the sample and centrifuged for one minute to 
ensure the complete removal of the wash buffer. The column was then 
carefully transferred into a nuclease-free tube. To elute RNA, 15 µl of 
DNase/RNase-free water (Thermofischer Scientific, USA) was added 
directly to the column matrix and centrifuged for 30 seconds. The 15 µl 
eluted sample was collected in a 1.5 ml nuclease-free tube and RNA was 
stored at -80 °C until used. 

Quantitative real-time polymerase chain reaction (PCR)

Undiluted RNA samples were analyzed using the CFX96 Real-Time 
Thermal Cycler (Bio-Rad, USA) with the Allplex™ 2019-nCoV assay 
(Seegene, USA). RT-PCR reactions were prepared as shown in Table 
1, and PCR products were detected in real time using a fluorescent 
dye-based method. Briefly, the reagent master mix was prepared prior 
to use in a labelled, sterile 1.5  ml microcentrifuge tube. In a 96-well 
plate, 18 μl of master mix was aliquoted into each well and 8 μl of 
RNA sample was added thereafter. In parallel, positive and negative 
controls were included: 8 μl of a known internal positive control and 
8 μl of DNase/RNase-free water as a negative control were added to 
the reagent master mix in separate wells. The total volume after the 
addition of samples and controls was 26 μl. The plate was covered with 
a permanent clear heat seal, and spun down at 2 500 revolutions per 

minute for five seconds and liquid containing all PCR components 
was verified to be at the bottom of each PCR tube. The plate was then 
analysed on a CFX96 Touch Real-Time PCR machine according to the 
PCR-run conditions shown in Table 2. Fluorescent probes targeting 
specific SARS-CoV-2 genes, particularly the N gene for this study, 
were used to quantify viral loads based on relative fluorescence and Ct 
values. Samples were confirmed positive if one or more gene targets (N, 
RdRp, E) were detected within 45 cycles. Ct values were plotted against 
standard RNA concentrations to generate a standard curve, allowing 
for viral load quantification.

Anti-inflammatory activity of expressed cytokines

In addition to direct antiviral effects, the anti-inflammatory activity of 
the extracts was evaluated by testing their ability to inhibit SARS-CoV-
2-induced inflammatory responses in infected H1299-hACE2-E3 cells. 

Excessive production of pro-inflammatory cytokines like IL-6, 
TNF-α, and IL-8 mediated by viral infection contributes significantly 
to COVID-19 pathogenesis. Extracts that can modulate this 
hyperinflammatory state without compromising antiviral efficacy can 
provide additional therapeutic benefits. 

Supernatant was collected at 24-, 48-, and 72-hours post-infection 
from infected cells and centrifuged at 1 000 g to remove particulates 
and used immediately. The cytokine levels of IL-6, TNF-α, and IL-8 
were measured and quantified using commercially available ELISA 
kits supplied by ABclonal (USA) according to the manufacturer’s 
instructions. Briefly, prior to the experiment, the reagents were brought 
to room temperature before use and prepared. 

Wash buffer was prepared by diluting it 1:20 with double distilled or 
deionised water before use, where 20 ml of wash buffer concentrate was 
added to 380 ml of deionised or distilled water to prepare 400 ml of wash 
buffer. The standard was serially diluted with standard diluent to produce 
seven different concentrations in order to prepare the standard curve.

ELISA wells were first washed with 350 μl per well of wash buffer, each 
well was aspirated after holding for 40 seconds, and the process was 

Reagents Volume
2019-nCoV MuDT* Oligo Mix 5 μl
DNase/RNase-free water 5 μl
5X Real-time one-step buffer 5 μl
Real-time one-step enzyme 2 μl
Internal control 1 μl
Total reaction 18 μl

Table 1: Reagent mixtures for the amplification of cDNA in SARS-CoV-2 
culture supernatant using the Allplex™ 2019-nCoV assay (Seegene, USA).

Programmes
Programme name Cycles Analysis mode
Initial denaturation 1 None
Amplification 45 Quantification
Annealing 1 None
Temperature targets

Step PCR cycle Target [oC] Hold 
[hh:min:ss]

Average ramp 
rate [oC/sec.]

Step 1 Reverse 
transcription 50 00:20:00 3.3

Step 2 Denaturation 95 00:15:00 3.3
Step 3 Amplification 94 00:00:15 3.3
Step 4 Annealing 58 00:00:30 3.3
Step 5 Repeat amplification and annealing steps 44 more times.

Table 2: RT-PCR cycling conditions for SARS-CoV-2 reverse transcription 
and cDNA amplification.
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repeated twice for a total of three washes. Thereafter, 100 μl of sample 
diluent was added in a blank well and 100 μl of different concentrations 
of standard and sample in the other wells in duplicate. The plate was 
covered with the adhesive strip provided and incubated for two hours 
at 37 °C in a humidified 5% CO2 incubator.

Working Biotin Conjugate Antibody solution was prepared 15 minutes 
before use by diluting 1:100 of Concentrated Biotin Conjugate Antibody 
(100x) with Biotin Conjugate Antibody Diluent before use, 20 μl of 
Concentrated Biotin Conjugate Antibody (100x) was added to 1 980 
μl of Biotin Conjugate Antibody Diluent to prepare a 2 000 μl working 
solution of Biotin Conjugate Antibody Buffer. After incubation, the 
plates were aspirated and washed three times. To each well was then 
added 100 μl of Working Biotin Conjugate Antibody, and then covered 
once more with new adhesive sealer and incubated for an hour.

The H1299-hACE2-E3 cells were infected with SARS-CoV-2 as 
described earlier, either pre-treated or treated after infecting with non-
cytotoxic concentrations of the extracts. 

Streptavidin-HRP Concentrated (100x) Working Solution was 
prepared 15 minutes before use. The solution was prepared by diluting 
1:100 of concentrated Streptavidin-HRP (100x) with Streptavidin-HRP 
Diluent and 20 μl of Concentrated Streptavidin-HRP (100x) to 1 980 
μl Streptavidin-HRP Diluent to prepare 2 000 μl working solution of 
Streptavidin-HRP Buffer. After incubation, the plates were aspirated 
and washed once more, and 100 μl of working Streptavidin-HRP was 
added to each well. The plate was covered with new adhesive sealer 
and re-incubated for 50 minutes at 37 °C. During the incubation, the 
microplate reader was warmed up for 30 minutes before measuring. 
After incubation, the aspiration and wash steps were repeated once 
more and 100  μl of 3,3',5,5'-Tetramethylbenzidine (TMB) substrate 
was then added to the wells and incubated for 20 minutes at 37 °C and 
protected from light.

Stop solution of 50 μl was added to each well and the optical density 
of each well was determined within five minutes, using a compact 
microplate reader (Byonoy, Germany) set to 450  nm. Wavelength 
correction was made by reading the plate at 620 nm, whereby the 
reading at 620 nm was subtracted from the reading at 450 nm.

A standard curve was generated to quantify the unknown cytokines by 
employing already pre-quantified standards with known concentrations 
as reference. The concentrations (x-axis) were plotted against the 
optical density absorbance values (y-axis) and a linear correlation was 
determined. The expressed cytokine levels of the samples and controls 
were analysed at different time points. The cytokine standards were 
serially diluted in seven 10-fold increments in duplicate.

The absorbance values obtained from the serial dilutions of the cytokine 
standards were plotted against the corresponding concentrations (pg/
ml) to generate the standard curves. The equation generated from the 
linear regression model was then used to determine the unknown 
cytokine concentrations corresponding to the absorbance values of the 
unknown samples.

RESULTS AND DISCUSSIONS

Evaluation of cytotoxicity
The cytotoxicity of T. riparia, T. acutiloba, and C. edulis extracts on 
H1299-hACE2-E3 cells was evaluated using the CellTiter 96® AQueous 
One Solution Cell Proliferation Assay (Promega, USA).

Dose-response curves were generated by plotting the percentage of cell 
death against the extract concentration (μg/ml) in a semi-logarithmic 
scale for each extract (see Figure 1). Non-linear regression analysis was 
performed to fit the curves and to determine the IC50 values, which 
represent the concentration required to inhibit cell viability by 50%.

Lower IC50 values indicate higher cytotoxicity, which means that 
the extract requires a lower concentration to inhibit cell viability by 
50%. Based on the obtained IC50 values, C. edulis exhibited the lowest 
cytotoxicity on H1299-hACE2-E3 cells, with a concentration of 419.76 
μg/ml, followed by T. acutiloba at 364.75 μg/ml, and T. riparia at 244.03 
μg/ml, which showed the highest cytotoxicity.

Evaluation of antiviral activity
The antiviral effects of T. riparia, T. acutiloba, and C. edulis extracts 
were evaluated against SARS-CoV-2 using an in vitro assay. Two 
independent experiments were conducted to assess the impact of the 
extracts on different stages of viral infection.

In the first experiment, the H1299-hACE2-E3 cells were treated with 
IC50 concentrations of the extracts an hour prior to virus infection to 
evaluate their potential prophylactic effects.

In the second experiment, the H1299-hACE2-E3 cells were first 
infected with SARS-CoV-2 and then treated with the extracts post-
infection to be able to evaluate if the extracts can help reduce or hinder 
the progression of the infection after it is already established. The results 
were represented as nucleocapsid gene estimated viral load copies/ml, 
as shown in Tables 3 and 4. 

In the pre-treatment experiment, all samples, including controls, 
showed increases in viral loads over time, consistent with active viral 
replication. At 24 hours, C. edulis pre-treatment displayed a marked 
81.23% reduction in viral load relative to the virus-infected control, 
although this reduction did not achieve statistical significance (p > 
0.05). This trend suggests a potential inhibitory effect early on in viral 
replication post-infection, but further investigation with additional 
replicates would be necessary to confirm significance. By 48 and 72 
hours, C. edulis maintained a lower viral load compared to controls, 
achieving a statistically significant reduction at 48 hours with a 
p-value < 0.05 (49.83% reduction) and a lesser reduction of 11.16% by 
72 hours. T. acutiloba and T. riparia also showed some reduction in 
viral load during pre-treatment, with T. acutiloba achieving a 45.16% 
reduction and T. riparia a 43.33% reduction at 24 hours. However, 
these reductions were not statistically significant (p > 0.05). By 72 

Plant 
extract

Time post-
infection

N gene Ct value 
Mean ± SD

Mean N gene 
+/- estimated 
viral load ± SD
(Log10 copies/
mL)

% Reduction vs 
control virus-
infected cells 
only

C. edulis
24 hours 38.06 ± 3.02 <1 ± 0.60 81.23%
48 hours 28.48 ± 2.43 3.01 ± 0.35 49.83%
72 hours 18.60 ± 4.10 5.33 ± 1.20 11.16%

T. acutiloba
24 hours 30.09 ± 3.45 2.62 ± 0.52 45.16%
48 hours 21.14 ± 3.15 4.73 ± 0.83 21.16%
72 hours 10.34 ± 4.20 >6 ± 1.80 -

T. riparia
24 hours 29.63 ± 3.20 2.73 ± 0.55 43.33%
48 hours 24.76 ± 2.95 3.88 ± 0.91 35.33%
72 hours 18.52 ± 3.85 5.35 ± 1.32 10.83%

Vehicle 
control

24 hours 29.96 ± 3.75 2.65 ± 0.64 55.83%
48 hours 24.58 ± 3.10 3.92 ± 0.87 34.66%
72 hours 13.09 ± 4.40 >6 ± 1.76 -

Cells only
24 hours
48 hours
72 hours

Virus-
infected cells 
only

24 hours 18.60 ± 4.15 5.33 ± 1.18
48 hours 9.79 ± 3.85 >6 ± 1.62
72 hours 8.81 ± 4.30 >6 ± 1.90

Table 3: SARS-CoV-2 viral loads after pre-treatment with extracts.
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hours, both extracts’ effects diminished substantially, with viral loads 
approximating control levels, underscoring the limited prophylactic 
efficacy relative to C. edulis.

In the post-treatment experiment, C. edulis again showed the most 
pronounced reduction in viral load, with statistically significant 
decreases observed at both 48 hours (p < 0.05) and 72 hours (p < 
0.01). At 24 hours, C. edulis exhibited a 44.75% reduction in viral 
load, suggesting an early antiviral response, although this reduction 
was not statistically significant. In contrast, T. acutiloba and T. riparia 

exhibited lower reductions of 21.97% and 17.45%, respectively, at 24 
hours, without statistical significance at any time point (p > 0.05). 
These observations suggest that C. edulis exerts a stronger antiviral 
effect when used post-infection, possibly due to its ability to interfere 
with viral replication processes rather than viral entry.

The percent reduction in viral loads varied across the extracts and was 
most notable for C. edulis, with reductions of 81.23% and 49.83% at 24 
and 48 hours in pre-treatment and 44.75% post-treatment at 24 hours. 
This indicates a robust antiviral effect that supports further exploration 
of its active compounds.

Fold Change (FC) values were used as a standardized metric for 
comparing viral loads between treated and untreated cells, with an FC 
threshold of 2 established to signify antiviral activity beyond random 
fluctuations49. C. edulis consistently met this threshold across pre- and 
post-treatment conditions, indicating consistent and possibly active 
antiviral properties. Both T. acutiloba and T. riparia displayed antiviral 
effects, though these were less consistent and pronounced than those 
observed with C. edulis (Figure 3).

Across all conditions, higher viral suppression was observed in pre-
treatment scenarios, warranting further investigation into the extracts’ 
potential as prophylactic agents. Vehicle and untreated controls 
exhibited increasing viral loads over time, reflecting natural SARS-
CoV-2 replication, which reinforces the observed viral reductions 
in treated groups as effects of the extracts. Overall, these findings 
highlight the potential antiviral activity of C. edulis, with additional, 
though less pronounced, effects seen with T. acutiloba and T. riparia. 
Further studies are recommended to elucidate mechanisms and active 
compounds responsible for these antiviral effects.

Evaluation of anti-inflammatory activity
To assess the anti-inflammatory potential of C. edulis, T. acutiloba, 
and T. riparia, cytokine concentrations for IL-6, IL-8, and TNF-α were 
measured in cell culture supernatants following both pre- and post-
treatment protocols (see Tables 6 and 7). The study included vehicle 

Plant 
extract

Time post-
infection

Mean N gene Ct 
values ± SD

Mean N gene 
+/- estimated 
viral load ± SD
(Log10 copies/
mL)

% Reduction vs 
control virus-
infected cells 
only

C. edulis
24 hours 29.58 ± 3.31 2.74 ± 0.85 44.75%
48 hours 11.33 ± 2.62 >6 ± 0.56 -
72 hours 10.33 ± 2.54 >6 ± 0.75 -

T. acutiloba
24 hours 24.78 ± 1.76 3.87 ± 1.10 21.97%
48 hours  10.33 ± 2.6 >6 ± 0.95 -
72 hours 9.55 ± 2.49 >6 ± 1.13 -

T. riparia
24 hours 19.71 ± 1.48 5.07 ± 1.31 - 
48 hours 11.78 ± 2.13 >6 ± 0.42 -
72 hours 10.21 ± 2.26 >6 ± 0.35 -

Vehicle 
control

24 hours  20.17 ± 3.51 4.96 ± 0.78 -
48 hours 10.45 ± 4.92 >6 ± 0.16 -
72 hours 9.97 ± 1.87 >6 ± 0.52 -

Cells only
24 hours
48 hours
72 hours

Virus-
infected cells 
only

24 hours 17.85 ± 2.97 4.96 ± 1.41
48 hours 13.11 ± 1.62 >6 ± 0.25
72 hours 8.03 ± 1.13 >6 ± 0.38

Table 4: SARS-CoV-2 viral loads after post-treatment with plant extracts.

Plant extract Time post-
infection

Mean cytokine concentrations (pg/ml) 
± SD
IL-6 IL-8 TNF- α

C. edulis
24 hours 88.71 ± 1.26 200.28 ± 0.69 550.46 ± 1.22
48 hours 85.48 ± 1.13 119.90 ± 0.25 381.20 ± 1.71
72 hours 70.36 ± 0.74 121.44 ± 1.41 87.34 ± 1.58

T. acutiloba
24 hours 72.52 ± 1.35 25.64 ± 2.12 716.59 ± 1.62
48 hours 43.78 ± 2.56 <1.56 ± 1.65 514.41 ± 3.12
72 hours 53.36 ± 2.31 <1.56 ± 3.91 220.55 ± 4.09

T. riparia
24 hours 72.39 ± 1.74 266.35 ± 2.14 784.76 ± 1.42
48 hours 56.33 ± 3.32 185.97 ± 0.83 566.92 ± 2.50
72 hours 123.39 ± 1.61 103.38 ± 1.43 50.51 ± 3.17

Vehicle control
24 hours 37.17 ± 3.41 250.94 ± 3.74 897.61 ± 1.64
48 hours 48.77 ± 2.10 172.76 ± 0.16 983.02 ± 0.81
72 hours 61.86 ± 1.52 90.17 ± 1.48 876.45 ± 0.47

Untreated cells
24 hours 69.01 ± 0.66 264.15 ± 1.32 997.91 ± 0.85
48 hours 161.58 ± 2.14 185.97 ± 1.25 961.08 ± 3.06
72 hours 165.89 ± 1.93 103.38 ± 1.41 910.14 ± 1.31

No cells
24 hours
48 hours
72 hours

Prednisolone
24 hours 11.94 ± 3.15 <1.56 ± 2.56 <1.56 ± 1.34
48 hours 13.02 ± 2.23 <1.56 ± 0.82 <1.56 ± 1.25
72 hours 26.24 ± 2.18 <1.56 ± 1.37 <1.56 ± 1.73

Table 5: Cytokine concentration in cell culture supernatant after pre-
treatment with plant extracts.

Plant extract Time post-
infection

Mean cytokine concentrations (pg/ml) ± SD
IL-6 IL-8 TNF- α

C. edulis
24 hours 64.70 ± 3.14 134.22 ± 2.54 501.09 ± 1.40
48 hours 69.69 ± 1.78 84.66 ± 4.52 395.30 ± 1.34
72 hours 53.63 ± 2.52 2.08 ± 1.23 258.17 ± 0.27

T. acutiloba
24 hours 167.38 ± 2.30 180.46± 0.63 807.49 ± 3.88
48 hours 132.97 ± 2.51 124.30 ± 0.31 287.16 ± 1.43
72 hours 81.02 ± 1.42 39.52 ± 0.47 228.39 ± 0.23

T. riparia
24 hours 179.52 ± 4.67 200.28 ± 3.34 894.47 ± 2.71
48 hours 142.42 ± 1.35 139.72 ± 1.57 742.45 ± 0.50
72 hours 91.82 ± 0.41 57.14 ± 1.64 338.10 ± 0.45

Vehicle 
control

24 hours 20.71 ± 0.59 248.29 ± 1.51 784.76 ± 0.23
48 hours 40.81 ± 1.61 174.52 ± 1.23 846.67 ± 1.67
72 hours 79.67 ± 4.48 91.93 ± 1.55 715.02 ± 4.84

Untreated 
cells

24 hours 88.85 ± 2.53 261.51 ± 2.81 392.95 ± 3.21
48 hours 137.96 ± 3.07 187.73 ± 0.76 801.22 ± 2.44
72 hours 184.78 ± 1.54 105.14 ± 1.91 693.86 ± 3.60

No cells
24 hours
48 hours
72 hours

Prednisolone
24 hours 13.96 ± 0.83 <1.56 ± 0.75 <1.56 ± 0.33
48 hours 2.09 ± 1.66 <1.56 ± 0.42 <1.56 ± 0.81
72 hours 10.86 ± 0.51 <1.56 ± 0.44 <1.56 ± 0.27

Table 6: Cytokine concentration in cell culture supernatant after post-
treatment with plant extracts.
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B A C 

Figure 1: Dose-response curves of T. riparia, T. acutiloba, and C. edulis extracts on H1299-hACE2-E3 cells.  Data are presented as the mean of the 
triplicate values and the ± standard deviation is represented by the error bars.

  
  

A B C

Figure 2: A-C: SARS-CoV-2 viral loads 72 hours post-infection after treatment with IC50 concentrations of plant extracts.

  

   
A  CB

Figure 3: A-C: SARS-CoV-2 viral load fold change (FC) following treatment with IC50 concentrations of plant extracts relative to the untreated control.
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Figure 4: FC in concentration levels of IL-6 following treatment with the extracts.

  
  

A B C

Figure 5: FC in concentration levels of IL-8 following treatment with the extracts.

  

   
A  CB

Figure 6: FC in concentration levels of TNF-α following treatment with the extracts.
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and untreated controls, a no-cell control, and prednisolone as a positive 
control. Prednisolone significantly reduced cytokine levels, affirming 
its known anti-inflammatory effects and establishing a benchmark.

Across the three extracts, pre-treatment with C. edulis yielded notable 
reductions in cytokine levels, particularly at 48 hours, where IL-6 and 
TNF-α decreased significantly compared to the untreated control (p 
< 0.05). At 72 hours, both IL-6 and TNF-α levels showed a reduction 
>2-fold relative to the untreated control, indicating potential anti-
inflammatory activity. In contrast, pre-treatment with T. acutiloba and 
T. riparia showed varying efficacy, with cytokine reductions that were 
generally non-significant (p > 0.05) except in isolated instances. For 
example, T. riparia reduced IL-6 levels by >50% at 24 hours but did not 
maintain significance over time.

In the post-treatment setup, C. edulis consistently demonstrated the 
strongest effects, achieving significant TNF-α reductions at 72 hours 
(p < 0.01), which may reflect an active anti-inflammatory response in 
reducing late-stage cytokine production. T. acutiloba and T. riparia 
showed some degree of TNF-α reduction, though less pronounced than 
C. edulis, aligning with findings from other cytokines. These results 
suggest that C. edulis may interfere more effectively with cytokine-
mediated inflammatory pathways after infection onset, whereas the 
other extracts may have limited or delayed efficacy.

Overall, FC analysis further supported these findings (see Figures 4 to 
6), with >2-fold reductions noted primarily in C. edulis post-treatment 
groups for both IL-6 and TNF-α8, 31. This aligns with the interpretation 
that C. edulis possesses measurable anti-inflammatory properties, 
while T. acutiloba and T. riparia display mild to moderate effects that 
warrant further investigation.

In conclusion, the study suggests that C. edulis, particularly in a post-
infection scenario, may exert the most substantial anti-inflammatory 
effects on SARS-CoV-2 infected cells. This effect may contribute 
to mitigating cytokine-mediated inflammation in viral infections, 
although further studies are needed to confirm these findings and 
determine the active components responsible.

CONCLUSIONS 
his study evaluated the antiviral and anti-inflammatory properties of 
T. riparia, T. acutiloba, and C. edulis extracts against SARS-CoV-2 in 
vitro, with particular focus on their potential as both prophylactic and 
post-infection treatments.

In terms of cytotoxicity, all three extracts displayed tolerable effects on 
H1299-hACE2-E3 cells, with C. edulis showing the lowest cytotoxicity 
(IC50 = 419.76 μg/ml). This made C. edulis a particularly promising 
candidate for further testing in infection scenarios where high 
concentrations are needed to achieve therapeutic efficacy. 

The antiviral activity assessments revealed that C. edulis consistently 
exhibited the most substantial antiviral effects, particularly in post-
infection settings where it significantly reduced viral loads at 48 hours 
(p < 0.05) and 72 hours (p < 0.01). This suggests that C. edulis may 
be more effective in targeting viral replication rather than viral entry, 
indicating a mechanism that likely interferes with intracellular viral 
processes. In contrast, T. acutiloba and T. riparia displayed limited 
antiviral effects with reductions that were not statistically significant 
in most cases, although both extracts showed some initial efficacy in 
pre-treatment scenarios.

Anti-inflammatory effects were evaluated by measuring reductions in 
IL-6, IL-8, and TNF-α cytokine levels. C. edulis once again demonstrated 
the strongest activity, achieving >2-fold reductions in IL-6 and 
TNF-α levels during post-treatment. These findings were statistically 
significant, particularly for TNF-α at 72 hours (p < 0.01), highlighting 

C. edulis’s potential in attenuating cytokine-mediated inflammation. T. 
acutiloba and T. riparia also displayed mild to moderate reductions in 
cytokine levels, although the effects were less consistent and did not 
achieve the same level of significance as C. edulis.

In conclusion, C. edulis emerged as the most promising extract, 
showing both antiviral and anti-inflammatory properties that could 
support its further exploration as a treatment option for SARS-CoV-2 
infections. Future studies should aim to isolate the active compounds 
within C. edulis to better understand its mechanisms of action and 
to evaluate its potential in in vivo models. While T. acutiloba and T. 
riparia demonstrated mild effects, additional investigation may clarify 
their roles and optimize their use as adjunctive therapies.

STATISTICAL ANALYSIS
Data are presented as means ± standard deviation (SD) from 
three biological replicates. Unpaired t-tests were used for pairwise 
comparisons of viral loads and cytokine concentrations between treated 
and untreated groups at each time point. Statistical significance was set 
at p < 0.05, with specific p-values reported where applicable. The IC50 
values were determined using GraphPad Prism software version 9.0, 
based on dose-response curves, to identify the extract concentrations 
necessary for 50% inhibition of cell viability.

FUNDING 
The study was funded was by the Central University of Technology 
grant funding, Department of higher education and training: Phase 1 
of the Nurturing Emerging Scholars Programme and the CUT & UFS 
Joint Research Programme Research Grant.

ETHICS
The study was approved by the University of the Free State Environment 
and Biosafety Ethics Committee (UFS-ESD2022/0177/22).

REFERENCES
1. Agrawal, U., Azcoaga-Lorenzo, A., Fagbamigbe, A. F., Vasileiou, E., 

Henery, P., Simpson, C. R., Stock, S. J., Shah, S. A., Robertson, C., 
Woolhouse, M., Ritchie, L. D., Shiekh, A., Harrison, E. M., Docherty, 
A. B. & McCowan, C. 2022. Association between multimorbidity 
and mortality in a cohort of patients admitted to hospital with 
COVID-19 in Scotland. J R Soc Med, volume 115, issue number 1. 
Pages 22-30.

2. Annweiler, C., Cao, Z., Wu, Y., Faucon, E., Mouhat, S., Kovacic, 
H. & Sabatier, J. M. 2020. Counterregulatory 'Renin-Angiotensin' 
system-based candidate drugs to treat covid- 19 diseases in SARS-
CoV-2-infected patients. Infect Disord Drug Targets, volume 20. 
Pages 19–20.

3. Aremu, A. O. & Van Staden, J. 2013. The genus Tulbaghia 
(Alliaceae)-A review of its ethnobotany, pharmacology, 
phytochemistry and conservation needs. J Ethnopharmacol, 
volume 149, issue number 2. Pages 387-400.

4. Bae, J. Y., Lee, G. E., Park, H., Cho, J., Kim, Y. E., Lee, J. Y., 
Chung, J., Won-Ki, K., Kim, J. & Park, M. S. 2020. Pyronaridine 
and artesunate are potential antiviral drugs against COVID-19 and 
influenza. bioRxiv. Pages 1–10.

5. Biber, A., Mandelboim, M., Harmelin, G., Lev, D., Ram, L., Shaham, 
A., et al. 2021. Favorable outcome on viral load and culture viability 
using Ivermectin in early treatment of non-hospitalized patients with 
mild COVID-19 – a double-blind, randomized placebo-controlled 
trial. medRxiv.

6. Bobrovitz, N., Ware, H., Ma, X., Hosseini, R., Cao, C., Selemon, 
A., Whelan, M., Premji, Z., Issa, H., Cheng, B., Abu-Raddad, L. J., 
Buckeridge, D. L., Van Kerkhove, M. D., Piechotta, V., Higdon, M. 
M., Wilder-Smith, A., Bergeri, I., Feikin, D. R., Arora, R. K., Patel, M. 



55 Pharmacognosy Journal, Vol 17, Issue 1, Jan-Feb, 2025

Carlos A. da Silva, et al. The In-Vitro Antiviral Activity of Carissa Edulis, Tulbaghia Acutiloba, and Tetradenia Riparia on Severe Acute Respiratory Syndrome 
Coronavirus-2

K. & Subissi, L. 2023. Protective effectiveness of previous SARS-
CoV-2 infection and hybrid immunity against the omicron variant 
and severe disease: a systematic review and meta-regression. 
Lancet Infect Dis, volume 23. Pages 556-67.

7. Bray, M., Rayner, C., Noel, F., Jans, D. & Wagstaff, K. 2020. 
Ivermectin and COVID-19: a report in Antiviral Research, widespread 
interest, an FDA warning, two letters to the editor and the authors' 
responses. Antiviral Res, volume 178, issue number 104805.

8. Campbell, J. D., Foerster, A., Lasmanowicz, V., Niemöller, M., 
Scheffold, A., Fahrendorff, M., Rauser, G., Assenmacher, M. & 
Richter, A. 2010. Rapid detection, enrichment and propagation 
of specific T cell subsets based on cytokine secretion. Clin Exp 
Immunol, volume 163, issue number 1. Pages 1-10. 

9. Cao, B., Wang, Y., Wen, D., Liu, W., Wang, J., Fan, G., et al. 2020. 
A trial of lopinavir– ritonavir in adults hospitalized with severe 
covid-19. N Engl J Med, volume 382. Pages 1787–1799.

10. Chan, K. S., Lai, S. T., Chu, C. M., Tsui, E., Tam, C. Y., Wong, M. 
M., Tse, M. W., Que, T. L., Peiris, J. S., Sung, J., Wong, V. C. & 
Yuen, K. Y. 2003. Treatment of severe acute respiratory syndrome 
with lopinavir/ritonavir: a multicentre retrospective matched cohort 
study. Hong Kong Med J, volume 9. Pages 399–406.

11. Chiang, L. C., Chiang, W., Chang, M. Y., Ng, L. T. & Lin, C. C. 
2002.  Antiviral activity of Plantago major extracts and related 
compounds in vitro.  Antiviral Res, volume  55, issue number 1. 
Pages 53–62.

12. Chu, C. M. 2004. Role of lopinavir/ritonavir in the treatment of 
SARS: initial virological and clinical findings. Thorax, volume 59, 
issue number 3. Pages 252–256.

13. Felsenstein, S., Herbert, J. A., McNamara, P. S. & Hedrich, C. M. 
2020. COVID-19: immunology and treatment options. Clin Immunol, 
volume 215. Page 108448.

14. Frediansyah, A., Nainu, F., Dhama, K., Mudatsir, M. & Harapan, 
H. 2021. Remdesivir and its antiviral activity against COVID-19: a 
systematic review. Clin Epidemiol Glob Health, volume 9. Pages 
123–127.

15. Geleris, J., Sun, Y., Platt, J., Zucker, J., Baldwin, M., Hripcsak, G., 
Labella, A., Manson, D. K., Kubin, C., Barr, R. G., Sobieszczyk, M. E. 
& Schluger, N. W. 2020. Observational Study of Hydroxychloroquine 
in Hospitalized Patients with Covid-19. N Engl J Med, volume 382, 
issue number 25. Pages 2411-2418.

16. Gendrot, M., Duflot, I., Boxberger, M., Delandre, O., Jardot, P., Le 
Bideau, M., Andreani, J., Fonta, I., Mosnier, J., Rolland, C., Hutter, 
S., La Scola, B. & Pradines, B. 2020. Antimalarial artemisinin-
based combination therapies (ACT) and COVID-19 in Africa: In vitro 
inhibition of SARS-CoV-2 replication by mefloquine-artesunate. Int 
J Infect Dis, volume 99. Pages 437-440.

17. Gordon, D. E., Jang, G. M., Bouhaddou, M. et al. 2020. A SARS-
CoV-2 protein interaction map reveals targets for drug repurposing. 
Nature, volume 583. Pages 459–468.

18. Grein, J., Ohmagari, N., Shin, D., Diaz, G., Asperges, E., Castagna, 
A., Feldt, T., Green, G., Green, M. L., Lescure, F. X., Nicastri, E., 
Oda, R., Yo, K., Quiros-Roldan, E., Studemeister, A., Redinski, J., 
Ahmed, S., Bernett, J., Chelliah, D., Chen, D., Chihara, S., Cohen, 
S. H., Cunningham, J., D'Arminio Monforte, A., Ismail, S., Kato, H., 
Lapadula, G., L'Her, E., Maeno, T., Majumder, S., Massari, M., Mora-
Rillo, M., Mutoh, Y., Nguyen, D., Verweij, E., Zoufaly, A., Osinusi, A. 
O., DeZure, A., Zhao, Y., Zhong, L., Chokkalingam, A., Elboudwarej, 
E., Telep, L., Timbs, L., Henne, I., Sellers, S., Cao, H., Tan, S. K., 
Winterbourne, L., Desai, P., Mera, R., Gaggar, A., Myers, R. P., 
Brainard, D. M., Childs, R. & Flanigan, T. 2020. Compassionate Use 
of Remdesivir for Patients with Severe Covid-19. N Engl J Med, 
volume 382, issue number 24. Pages 2327-2336.

19. Harris, E. 2023. COVID-19 Hospitalizations Up Among Older Adults. 
JAMA, volume 330, issue number 17. Page 1611.

20. Hashimoto, Y., Suzuki, T. & Hashimoto, K. 2022a. Old drug 
fluvoxamine, new hope for COVID-19. Eur Arch Psychiatry Clin 
Neurosci, volume 272, issue number 1. Pages 161–163.

21. Hashimoto, Y., Suzuki, T. & Hashimoto, K. 2022b Mechanisms 
of action of fluvoxamine for COVID-19: a historical review. Mol 
Psychiatry, volume 27, issue number 4. Pages 1898–1907.

22. Hogan, A. B., Doohan, P., Wu, S. L., Mesa, D. O., Toor, J., Watson, 
O. J., Winskill, P., Charles, G., Barnsley, G., Riley, E. M., Khoury, 
D. S., Ferguson, N. M. & Ghani, A. C. 2023. Estimating long-term 
vaccine effectiveness against SARS-CoV-2 variants: a model-based 
approach. Nat Commun, volume 14, issue number 1. Page 4325.

23. Jamal, Q. M. S. 2022. Antiviral Potential of Plants against COVID-19 
during Outbreaks-An Update. Int J Mol Sci, volume 23, issue 
number 21. Page 13564.

24. Kaunda, J. S. & Zhang, Y. J. 2017. The Genus Carissa: An 
Ethnopharmacological, Phytochemical and Pharmacological 
Review. Nat Prod Bioprospect, volume 7, issue number 2. Pages 
181-199.

25. Lo, M. K., Jordan, R., Arvey, A., Sudhamsu, J., Shrivastava-Ranjan, 
P., Hotard, A. L., Flint, M., McMullan, L. K., Siegel, D., Clarke, M. 
O., Mackman, R. L., Hui, H. C., Perron, M., Ray, A. S., Cihlar, T., 
Nichol, S. T. & Spiropoulou, C. F. 2017. GS-5734 and its parent 
nucleoside analog inhibit Filo-, Pneumo-, and Paramyxoviruses. Sci 
Rep, volume 7. Page 43395.

26. Lin, Y., Wu, F., Xie, Z., Song, X., Zhu, Q., Wei, J., Tan, S., Liang, L. 
& Gong, B. 2020. [Clinical study of artesunate in the treatment of 
coronavirus disease 2019]. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue, 
volume 32, issue number 4. Pages 417-420.

27. Liu, X., Huang, J., Li, C., Zhao, Y., Wang, D., Huang, Z. & Yang, K. 
2021. The role of seasonality in the spread of COVID-19 pandemic. 
Environ Res, volume 195. Page 110874. 

28. Merow, C. & Urban, M. C. 2020. Seasonality and uncertainty in 
global COVID-19 growth rates. Proc Natl Acad Sci USA, volume 
117. Pages 27456–27464.

29. National Department of Health (NDoH) [South Africa]. 2021. South 
African National Department of Health: Clinical Management 
Guidelines for COVID-19. Guidelines module 4 – respiratory 
support for hospitalised covid-19 patients. Available from: https://
www.nicd.ac.za/wp-content/uploads/2021/12/NDoH-COVID-19-
Guidelines-Module-5-Drug-therapy_v7_13December2021.pdf 

30. Nichols, G. L., Gillingham, E. L., Macintyre, H. L., Vardoulakis, 
S., Hajat, S., Sarran, C. E., Amankwaah, D. & Phalkey, R. 2021. 
Coronavirus seasonality, respiratory infections and weather. BMC 
Infect Dis, volume 21, issue number 1. Page 1101. 

31. Nwakiban, A. P. A., Fumagalli, M., Piazza, S., Magnavacca, A., 
Martinelli, G., Beretta, G., Magni, P., Tchamgoue, A. D., Agbor, 
G. A., Kuiaté, J. R., Dell'Agli, M. & Sangiovanni, E. 2020. Dietary 
Cameroonian Plants Exhibit Anti-Inflammatory Activity in Human 
Gastric Epithelial Cells. Nutrients, volume 12, issue number 12. 
Page 3787.

32. Panda, S. K., Gazim, Z. C., Swain, S. S., Bento, M. C. V. A., Sena, 
J. D. S., Mukazayire, M. J., Van Puyvelde, L. & Luyten, W. 2022. 
Ethnomedicinal, Phytochemical and Pharmacological Investigations 
of Tetradenia riparia (Hochst.) Codd (Lamiaceae). Front Pharmacol, 
volume 13. Page 896078.

33. Sanders, J. M., Monogue, M. L., Jodlowski, T. Z. & Cutrell, J. B. 
2020. Pharmacologic treatments for coronavirus disease 2019 
(COVID-19). JAMA, volume 323. Pages 1824–1836.

34. Simonis, A., Theobald, S. J., Fätkenheuer, G., Rybniker, J. & 
Malin, J. J. 2021. A comparative analysis of remdesivir and other 
repurposed antivirals against SARS-CoV-2. EMBO Mol Med, 
volume 13. Page e13105.

https://www.nicd.ac.za/wp-content/uploads/2021/12/NDoH-COVID-19-Guidelines-Module-5-Drug-therapy_v7_13December2021.pdf
https://www.nicd.ac.za/wp-content/uploads/2021/12/NDoH-COVID-19-Guidelines-Module-5-Drug-therapy_v7_13December2021.pdf
https://www.nicd.ac.za/wp-content/uploads/2021/12/NDoH-COVID-19-Guidelines-Module-5-Drug-therapy_v7_13December2021.pdf


56

Carlos A. da Silva, et al. The In-Vitro Antiviral Activity of Carissa Edulis, Tulbaghia Acutiloba, and Tetradenia Riparia on Severe Acute Respiratory Syndrome 
Coronavirus-2

Pharmacognosy Journal, Vol 17, Issue 1, Jan-Feb, 2025

35. Reed, L. J., Muench, H. 1938. A simple method of estimating fifty 
per cent endpoints. Am J Epidemiol, volume 27, issue number 3. 
Pages 493–497.

36. Uzun, T. & Toptas, O. 2020. Artesunate: could be an alternative 
drug to chloroquine in COVID-19 treatment? Chin Med, volume 15. 
Page 54.

37. Wang, C., Horby, P. W., Hayden, F. G. & Gao, G. F. 2020. A novel 
coronavirus outbreak of global health concern. Lancet, volume 395. 
Pages 470–473.

38. Wang, Y., Zhang, D., Du, G., Du, R., Zhao, J., Jin, Y., Fu, S., Gao, L., 
Cheng, Z., Lu, Q., Hu, Y., Luo, G., Wang, K., Lu, Y., Li, H., Wang, 
S., Ruan, S., Yang, C., Mei, C., Wang, Y., Ding, D., Wu, F., Tang, X., 
Ye, X., Ye, Y., Liu, B., Yang, J., Yin, W., Wang, A., Fan, G., Zhou, F., 
Liu, Z., Gu, X., Xu, J., Shang, L., Zhang, Y., Cao, L., Guo, T., Wan, 
Y., Qin, H., Jiang, Y., Jaki, T., Hayden, F. G., Horby, P. W., Cao, 
B. & Wang, C. 2020. Remdesivir in adults with severe COVID-19: 
a randomised, double-blind, placebo-controlled, multicentre trial. 
Lancet, volume 395, issue number 10236. Pages 1569-1578.

39. Warren, T. K., Jordan, R., Lo, M. K., Ray, A. S., Mackman, R. L., 
Soloveva, V., Siegel, D., Perron, M., Bannister, R., Hui, H. C., 
Larson, N., Strickley, R., Wells, J., Stuthman, K. S., Van Tongeren, 
S. A., Garza, N. L., Donnelly, G., Shurtleff, A. C., Retterer, C. J., 
Gharaibeh, D., Zamani, R., Kenny, T., Eaton, B. P., Grimes, E., 
Welch, L. S., Gomba, L., Wilhelmsen, C. L., Nichols, D. K., Nuss, J. 
E., Nagle, E. R., Kugelman, J. R., Palacios, G., Doerffler, E., Neville, 
S., Carra, E., Clarke, M. O., Zhang, L., Lew, W., Ross, B., Wang, Q., 
Chun, K., Wolfe, L., Babusis, D., Park, Y., Stray, K. M., Trancheva, 
I., Feng, J. Y., Barauskas, O., Xu, Y., Wong, P., Braun, M. R., Flint, 
M., McMullan, L. K., Chen, S. S., Fearns, R., Swaminathan, S., 
Mayers, D. L., Spiropoulou, C. F., Lee, W. A., Nichol, S. T., Cihlar, 
T. & Bavari, S. 2016. Therapeutic efficacy of the small molecule GS-
5734 against Ebola virus in rhesus monkeys. Nature, volume 531, 
issue number 7594. Pages 381-385.

40. World Health Organization (WHO). 2019. Coronavirus disease 
(COVID-19) pandemic. Available from: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019. 

41. World Health Organization (WHO). 2020a. Novel coronavirus (2019-
nCoV) situation report. Available from: https://apps.who.int/iris/
handle/10665/330991. 

42. World Health Organization (WHO). 2020b. Statement on the second 
meeting of the International Health Regulations (2005) Emergency 
Committee regarding the outbreak of novel coronavirus (2019-
nCoV). Available from: https://www.who.int/news-room/detail/30-
01-2020-statement-on-the-second-meeting-of-the-international-
health-regulations-(2005)-emergency-committee-regarding-the-
outbreak-of-novel-coronavirus-(2019-ncov).

43. World Health Organization (WHO). 2023a. WHO COVID-19 
dashboard. COVID-19 vaccination. Available from: https://data.who.
int/dashboards/covid19/vaccines.

44. World Health Organization (WHO). 2023b. Tracking SARS-CoV-2 
variants. Available from: https://www.who.int/activities/tracking-
SARS-CoV-2-variants.  

45. World Health Organization (WHO) Solidarity Trial Consortium; Pan, 
H., Peto, R., Henao-Restrepo, A. M., Preziosi, M. P., Sathiyamoorthy, 
V., Abdool Karim, Q., Alejandria, M. M., Hernández García, C., Kieny, 
M. P., Malekzadeh, R., Murthy, S., Reddy, K. S., Roses Periago, M., 
Abi Hanna, P., Ader, F., Al-Bader, A. M., Alhasawi, A., Allum, E., 
Alotaibi, A., Alvarez-Moreno, C. A., Appadoo, S., Asiri, A., Aukrust, 
P., Barratt-Due, A., Bellani, S., Branca, M., Cappel-Porter, H. B. 
C., Cerrato, N., Chow, T. S., Como, N., Eustace, J., García, P. J., 
Godbole, S., Gotuzzo, E., Griskevicius, L., Hamra, R., Hassan, M., 
Hassany, M., Hutton, D., Irmansyah, I., Jancoriene, L., Kirwan, J., 
Kumar, S., Lennon, P., Lopardo, G., Lydon, P., Magrini, N., Maguire, 
T., Manevska, S., Manuel, O., McGinty, S., Medina, M. T., Mesa 
Rubio, M. L., Miranda-Montoya, M. C., Nel, J., Nunes, E. P., Perola, 
M., Portolés, A., Rasmin, M. R., Raza, A., Rees, H., Reges, P. P. S., 
Rogers, C. A., Salami, K., Salvadori, M. I., Sinani, N., Sterne, J. A. 
C., Stevanovikj, M., Tacconelli, E., Tikkinen, K. A. O., Trelle, S., Zaid, 
H., Røttingen, J. A. & Swaminathan, S. 2021. Repurposed Antiviral 
Drugs for Covid-19 - Interim WHO Solidarity Trial Results. N Engl J 
Med, volume 384, issue number 6. Pages 497-511.

46. Wu, N., Joyal-Desmarais, K., Ribeiro, P. A. B., Vieira, A. M., 
Stojanovic, J., Sanuade, C., Yip, D. & Bacon, S. L. 2022. Long-
term effectiveness of COVID-19 vaccines against infections, 
hospitalisations, and mortality in adults: findings from a rapid living 
systematic evidence synthesis and meta-analysis up to December, 
2022. Lancet Resp Med, volume 11, issue number 5. Pages 439-
452.

47. Wulff, N.H., Tzatzaris, M. & Young, P.J. 2012. Monte Carlo 
simulation of the Spearman-Kaerber TCID50. J Clin Bioinform, 
volume 2, issue number 1. Page 5.

48. Zebeaman, M., Tadesse, M. G., Bachheti, R. K., Bachheti, A., 
Gebeyhu, R. & Chaubey, K. K. 2023. Plants and Plant-Derived 
Molecules as Natural Immunomodulators. Biomed Res Int, volume 
2023. Page 7711297.

49. Litabe, M. M. 2020. In vitro immune responses to Sindbis virus. 
Magister Scientiae: Virology (dissertation), University of the Free 
State. Pages 37-73.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://apps.who.int/iris/handle/10665/330991
https://apps.who.int/iris/handle/10665/330991
https://www.who.int/news-room/detail/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://www.who.int/news-room/detail/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://www.who.int/news-room/detail/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://www.who.int/news-room/detail/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://data.who.int/dashboards/covid19/vaccines
https://data.who.int/dashboards/covid19/vaccines
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants


57 Pharmacognosy Journal, Vol 17, Issue 1, Jan-Feb, 2025

Carlos A. da Silva, et al. The In-Vitro Antiviral Activity of Carissa Edulis, Tulbaghia Acutiloba, and Tetradenia Riparia on Severe Acute Respiratory Syndrome 
Coronavirus-2

Cite this article: da Silva CA, Polo-Ma-Abiele HM, Burt FJ. The In-Vitro Antiviral Activity of Carissa Edulis, Tulbaghia Acutiloba, and 
Tetradenia Riparia on Severe Acute Respiratory Syndrome Coronavirus-2. Pharmacogn J. 2025;17(1): 47-57.

GRAPHICAL ABSTRACT


	Title
	Abstract

