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Antiviral Potential of Cistus L. against 
Infectious Bronchitis Virus and SARS-CoV-2

Research Article

ABSTRACT
Cistus L. (Cistus) is distributed in Türkiye by 5 species including Cistus creticus 
L. (C. creticus), Cistus monspeliensis L. (C. monspeliensis), Cistus laurifolius L. 
(C. laurifolius), Cistus parviflorus L. (C. parviflorus) and Cistus salviifolius L.  
(C. salviifolius). In this study, antiviral activity of 5 Cistus extracts were 
investigated against Infectious bronchitis virus (IBV) using the in ovo antiviral 
activity assay, which measures both embryo viability and agglutination of 
chicken red blood cells. In further experiments, antiviral potential of C. creticus 
extract was also examined against severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2)-infected Vero-E6 cells. In ovo antiviral activity assays 
displayed that C. parviflorus and C. monspeliensis extracts caused more antiviral 
activity against IBV-D274 strain than other extracts. Further asssays showed that  
C. creticus extract led to dose and time dependent antiviral activity against 
SARS-CoV-2. The results proposed that C. parviflorus and C. monspeliensis 
extracts might have a potential for the treatment of virus-mediated diseases. 
Increasing incubation time and concentration of C. creticus extract led to increase 
of antiviral activity against SARS-CoV-2, which means that C. creticus extract 
had potent antiviral activity. 
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1. Introduction

Viral infections are one of the main reasons for hu-
man diseases as viruses target and weaken human 
immune systems. Synthetic antiviral drugs have 
been used to treat viral infections, however previous 
studies reported that antiviral drugs caused severe 
adverse effects such as hepatotoxicity, neurotoxicity, 
cardiovascular toxicity in addition to mild adverse 
effects [1-3]. Antiviral drug resistance is another 
critic issue, causing treatment failure and cost loss. 
Considering there is no existing effective and safe 
drug for the treatment of viral infections, virus medi-
ated diseases possess global and vital risks for hu-
mankind [4].

Medicinal plants and food supplements protect hu-
man health and treat diseases owing to containing 
pharmacologically active compounds. According to 
a study conducted by the World Health Organization 
(WHO), approximately 80% of people trust tradi-
tional medicine based on medicinal plants to relieve 
their health problems [5,6]. Previous reports demon-
strated that herbal products displayed potent antiviral 
activity against wide range of viruses with low ad-
verse effects. Hence, medicinal plants and food sup-
plements have become the focus of attention of re-
searchers as alternatives to synthetic antiviral drugs 
due to the bioactive components they contain and the 
high side effects of synthetic drugs [7-10]. 

Cistus belongs to Cistaceae family with 21 species 
and is mainly distributed throughout in Anatolia and 
Mediterranean region [11]. C. creticus, C. laurifolius, 
C. monspeliensis, C. parviflorus ve C. salviifolius are 
the species located in Anatolia [12]. Ethnobotanical 
studies stated that different parts of Cistus species 
such as roots, flowers and leaves are used in folk 
medicine by local people to treat hyperglycemia, 
diabetes, peptic ulcer, diarrhea, inflammation, spasm, 
fever, infertility, urinary infection, snake poisoning, 
expectorant, hemostatic and edema in both Anatolia 
and Mediterranean area [13-16]. The basic reason 
of Cistus species showing a wide range of pharma-
cological activities is to possess many biologically 
active secondary metabolites (SMs) including flavo-
noids and polyphenolic compounds as well as terpe-
noids, including diterpenes, labdane-type diterpenes 
and chlerodanes [16-19].

Infectious bronchitis virus (IBV), the first coronavi-
rus isolated in the 1930s, is one of the most causa-
tive agent of both highly contagious acute respiratory 

disease infectious bronchitis (IB) among poultry and 
economic losses in industrial production. IBV has 
a total of 32 lineages and 6 main genotypes based 
on the S gene [20]. D274 strain is named the Eu-
ropean serotype possessing high spread and is po-
tent a threat for poultry industry [21]. Mohajer Sho-
jai et al. (2016) stated that IBV is a suitable model 
for other coronavirus diseases such as severe acute 
respiratory syndrome (SARS) and Middle East res-
piratory syndrome (MERS) [23]. Coronavirus dis-
ease 2019 (COVID-19), caused by the virus SARS-
CoV-2, spread throughout the world in 2020 and 
was declared a pandemic [23]. Considering the fact 
that current SARS-CoV-2 epidemic, IBV model is 
significant and usefull for investigation of antiviral 
activity of molecules or extracts [22]. Limited effec-
tive antiviral drugs on virus mediated diseases lead 
to look for novel antiviral agents in pandemic situa-
tions such as SARS-CoV-2 to be obtained and used 
from plant sources that pollutes the environment less. 
For this purpose, in the current study firstly, determi-
nation of antiviral potential of C. creticus, C. lauri-
folius, C. monspeliensis, C. parviflorus ve C. salvii-
folius which are distrubuted in Izmir region against 
IBV-D274 strain was aimed. Secondly, considering 
the needs for new antiviral agents, C. creticus was 
selected for further studies, since the most abundant 
species with strong antiviral activity against IBV 
D274 was determined. From this point of view, the 
antiviral activity of C. creticus extract was investi-
gated in vitro against SARS-CoV-2 and chemical 
content of the extracts was determined by liquid 
chromatography and high-resolution mass spectrom-
etry (LC-HRMS). 

2. Material and Methods

Chemicals were purchased from Sigma-Aldrich 
(Darmstadt, Germany) except for cell culture rea-
gents. Cell culture reagents were purchased from 
Thermo-Fisher Scientific (Loughborough, UK). 
Chicken IBV D274 strain (Netherlands) was kindly 
provided from Assoc. Prof. Fethiye ÇÖVEN. Specif-
ic pathogen-free embryo chicken eggs (SPF-ECEs) 
and chicken red blood cells were purchased from 
Izmir Bornova Veterinary Control Institute, Türkiye. 
The protocol for antiviral experiments was approved 
by the Ege University, Local Ethical Committee of 
Animal Experiment (approval number: 2020-051). 
SARS-CoV-2 studies were performed by in vitro at 
BSL-III R&D facilities of Kocak Pharma Company 
(Kapaklı/Tekirdag).
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2.1. Plant material

In this study, five Cistus L. species were collected 
from Izmir region to evaluate antiviral potential. C. 
creticus, C. laurifolius, C. salvifolius, C. parviflo-
rus, C. monspeliensis were collected and identified 
by Assoc. Prof. Hasan YILDIRIM and Dr. Erdinc 
OGUR in June 2021 with permission of Republic of 
Turkey Ministry of Agriculture and Forestry, Gener-
al Directorate of Nature Conservation and National 
Parks (approval number: 1037970339) from Izmir 
region. The locations of the plants and voucher num-
bers were shown in Table 1. Harvested leaves and 
shaws samples from each species were dried under 
open-air conditions. 

2.2. Preparation of Cistus Extracts

Dried and powdered leaves and shaws (10 g) of C. 
creticus, C. salvifolius, C. monspeliensis, C. parvi-
florus and C. laurifolius were extracted with 200 mL 
ethanol (100%), 200 mL methanol (100%), 200 mL 
ethanol:water (50%:50%), 200 mL methanol:water 
(50%:50%) using magnetic heater stirrer for 5 hours 
at 60°C. Then, extracts were filtered and evaporated 
to dryness at 50°C using a rotary evaporator. After 
evaporation, extracts were dissolved in 10 mL of 
methanol and phenol contents were measured. Ex-
tract with the highest amount of phenol compounds 
was dried using SpeedVac and all extracts were kept 
in dark conditions at +4°C until LC-HRMS analysis 
and antiviral experimental studies.

2.3. Total Phenolic Content Assay

Total phenolic content assay (TPA) was carried out 
to determine the total phenolic component in the C. 
creticus, C. salvifolius, C. monspeliensis, C. parvi-
florus and C. laurifolius ethanol:water (50%:50%) 
extracts. Total phenolic contents were measured at 
765 nm using modified Folin-Ciocalteu colorimetric 
method as described previously [24].

2.4. Determination of Chemical Contents of C. 
creticus by LC-HRMS 

2.4.1. Phenolic standards

Ascorbic acid (≥99% Sigma-Aldrich), (-)-Epigal-
locatechin (>97% TRC Canada), (-)-Epigallocat-
echin gallate (>97% TRC Canada), Chlorogenic 
acid (≥98% In house isolated), Fumaric acid (≥99% 
Sigma-Aldrich), (-)-Epicatechin (≥90% Sigma-
Aldrich), (-)-Epicatechin Gallate (>97% TRC 
Canada), Verbascoside (86.31% HWI ANALYTIK 
GMBH), Chicoric acid (>97% TRC Canada), Ori-
entin (>97% TRC Canada), Caffeic acid (≥ 98% 
Sigma-Aldrich) Sinapinic acid (≥98% Carbosynth), 
Luteolin 7-glucoside (>97% TRC Canada), Rutin 
( ≥94% Sigma-Aldrich), Hyperoside (>97% TRC 
Canada), Dihydrokaempferol (>97% Phytolab), El-
lagic acid (>97% TRC Canada), Quercitrin (>97% 
TRC Canada), Myricetin (>95% Carl Roth GmbH + 
Co), Nepetin-7-glucoside (>97% Phytolab), Querce-
tin (≥95% Sigma-Aldrich), Salicylic acid (≥98% 
Sigma-Aldrich), Luteolin (95% Sigma-Aldrich), 
Nepetin (98% Supelco), Kaempferol (>90% Sigma-

Table 1. Locations of five collected Cistus L. species in Izmir 

Taxon Locality Location-Elevation Voucher Number*

C. creticus Çeşme, Alaçatı, İzmir N 38° 14’ 00’’
E 25° 21’ 48’’

18 m
13052021 0101

C. laurifolius Kemalpaşa, İzmir
N 38° 20’ 44.5”
E 27° 30’ 16.6”

1050 m
13052021 0103

C. monspeliensis Çeşme, Alaçatı, İzmir N 38° 16’ 304.0’’
E 026° 25’ 03’’

60 m
13052021 0102

C. parviflorus Çeşme, Alaçatı, İzmir N 38° 14’ 00’’
E 25° 21’ 48’’

38 m
13052021 0104

C. salviifolius Çeşme, Alaçatı, İzmir N 38° 14’ 00’’
E 25° 21’ 48’’

48 m
13052021 0105
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Aldrich), Apigenin (>97% TRC Canada), Hispidulin 
(>97% TRC Canada), Isosakuranetin (>97% Phy-
tolab), Penduletin (>97% Phytolab), Rhamnocitrin 
(>97% Phytolab), Chrysin (≥96% Sigma-Aldrich), 
Acacetin (>97% TRC Canada).

2.4.2. Chromatographic Conditions of Chemical 
Contents Analyses of C. creticus 

Approximately 100 mg of extract obtained from 
dried C. creticus L. species was dissolved in 3 mL of 
methanol:water (60:40) mixture in a 5 mL volumet-
ric flask as described in our previous studies [25,26]. 
The volumetric flask was kept in an ultrasonic bath 
for approximately 20 minutes to obtain a clear solu-
tion. Then, 100 μL dihydrocapsaicin solution (100 
mg/L stock solution) as an internal standard was add-
ed to the volumetric flask and the volumetric flask 
was filled with the mobile phase. The volumetric 
flask was mixed vigorously by hand and kept in an 
ultrasonic bath at 30°C for 10 minutes. After the re-
sulting clear solution was filtered through a 0.45 μm 
Millipore Millex-HV filter, the sample was brought 
to room temperature and placed in the autosampler 
kept at 15°C for injection into the LC-HRMS device. 
Experiments were carried out by injecting 2 μL of 
solution from each vial into the LC-HRMS device. 
A Thermo OrbitrapQ-Exactive (Thermo Fisher Sci-
entific, Waltham, MA, USA) mass spectrometer was 
used as the LC-HRMS system, while Troyasil C18 
LS (150 × 3 mm i.d., 5μm particle size) was used 
for chromatographic separation. For a good chro-
matographic separation, mobile phases consisting 
of water and methanol, which we optimized in our 
previous studies, were used [26,27]. Two different 
mobile phase systems consisting of 1% formic acid-
water and 1% formic acid-methanol were used as 
Mobile Phase A and Mobile Phase B, respectively. 
The gradient program was started at 0-1.00 min at 
50% B, 1.01–6.00 min at 100% B, and finally 6.01–
15 min at 50% B. The flow rate of the mobile phase 
was set at 0.35 mL/min and the column temperature 
at 22°C. Environmental conditions were set as tem-
perature 22.0±5.0°C and relative humidity (50±15)% 
relative humidity. In order to ionize small and rela-
tively polar target compounds to a good degree in 
the mass spectrometer, Electrospray Ionization (ESI) 
source is used as an ionizing source. The device was 
programmed to scan ions between m/z 100–1100 
at 70,000 resolution. The purities of the standard 
compounds used in the study are given in phenolic 

standards section. Compound identifications were 
determined according to the retention time values 
and mass spectra of each standard in the chroma-
tographic system. Dihydrocapsaicin, which is 95% 
pure, was used as the internal standard in order to 
obtain results with low uncertainty by minimizing 
repeatability problems caused by external factors 
such as ionization in LC-HRMS measurements.

2.4.3. Method Validation

Selectivity in LC-HRMS measurements is defined as 
monitoring only the mass pattern of the target ana-
lyte at a predetermined retention time value in the 
presence of other components or degradation prod-
ucts in the matrix [26,27]. In the applied method, it 
was determined that the target analytes were meas-
ured precisely and accurately identified in the ma-
trix without any intervention. The specificity of the 
developed LC-ESI-HRMS method was determined 
by direct analysis (blind) of all the different solvents 
prepared, the C. creticus L. extract and the added tar-
get analytes.

Accuracy is a definition that expresses the closeness 
or best estimate of the measurement results to the 
true value of the amount of substance in the matrix. 
One of the methods used to determine accuracy is the 
recovery percentage of the method. This value was 
calculated based on the LC-ESI-HRMS data for each 
measurement according to the following formula:

 % Recovery = Concentration recovered / concentra-
tion injected x 100.

In this study, a separate calibration curve was deter-
mined for each component to enable the quantitative 
determination of secondary metabolites and second-
ary metabolites in C. creticus extract by LC-ESI-
HRMS. For this purpose, measurements of solutions 
at different concentrations were analyzed 6 times 
on the device and a calibration curve was obtained 
using values normalized with the internal standard 
against the nominal values of the nalites. The regres-
sion coefficient (R2) and linear regression equation 
were obtained from the determined curve.

Limits of detection (LOD), limit of quantification 
(LOQ), were dertermined based on EURACHEM 
CITAC Guide and our previous studies [26-28]. Sim-
ply, it was determined as: LOD or LOQ = κSDa/b, 
where LOQ is 3 and κ = 3 for LOD. Since the meas-
urmenet uncertainty was reported previously we 
have not discussed herein to avoid from reputation. 
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Detailed infromation can be found in our previous 
reports and international guides [26-28].

2.5. In ovo antiviral activity against IBV

Antiviral activities of ethanol:water (50%:50%) ex-
tracts with high total phenolic content according 
to TPA results were performed as virucidal activity 
against IBV by in ovo. Specific pathogen-free em-
bryo chicken eggs (SPF-ECEs) were treated with 0.1 
and 1 mg/mL of extract-IBV mixture at 37°C for 48 
hours. DMSO and favipiravir were used as vehicle 
and positive controls, respectively as described pre-
viously [29,30]. After harvesting of allantoic fluid, 
hemagglutination assay was performed using 1% 
red blood cells (RBC) suspension by serial two-fold 
dilutions method to evaluate antiviral activities of 
plant extracts as described in previously [31]. He-
magglutination assay studies were carried out with 
the approval of the Ege University Animal Experi-
ments Local Ethics Committee (EÜHADYEK) num-
bered 2020–051.

2.6. In vitro antiviral activity against SARS-
CoV-2 

C. creticus L. ethanol:water (50%:50%) was select-
ed for the investigation of antiviral activity against 
SARS-CoV-2 , since C. creticus have been frequent-
ly used product and commercially available due to 
having potent antiviral activity against IBV [31].

In this study, the African Green Monkey Kidney 
Epithelial Cell Line (Vero-E6) cell line was used 
for cytotoxicity and antiviral analysis. Vero-E6 was 
obtained from American Type Culture Collection 
(ATCC). Vero-E6 cells were cultured in Eagle’s Min-
imum Essential Medium (EMEM) medium by add-
ing 10% FBS at 370C in an incubator with 5% CO2 
[33]. Cells that were known to be in the logarithmic 
phase and were able to proliferate actively were used 
in experiments when they were observed to be 90% 
confluent on the surface to which they were attached. 
SARS-CoV-2 used in the study was provided by Ko-
cak Pharmaceuticals (Vial no.31242/12.05.2020, iso-
lated from throat swabs from a hospitalized patient 
in the recent COVID−19 outbreaks by the Turkish 
Ministry of Health). SARS-CoV-2 isolate used in 
this study correlates to SARS-COV-2 NC 045512 
isolate at a ratio of 99.117% in the NCBI database 
[34]. SARS-CoV-2 was propagated in Vero-E6 cells 
and virus clarification was made when more than 

65% cytopathic effect was observed in the cells.

Firstly, cytotoxicity assay was demonstrated on Vero 
E6 cells by MTT assay (0.5, 5 and 50 µg/mL) [35]. 
A 10-fold serial dilution of stock virus suspension 
was added to the plate containing C. creticus extract 
dissolved in DMSO, and the final concentrations of 
the extract were ensured to be 1 µg/ml and 10 µg/
ml [36]. Two different incubation periods (10 and 60 
minutes) were used. At the end of this period, the 
prepared virus extract suspension was added to Vero-
E6 cell plates incubated for 24 hours at 37 ̊C, 5% 
CO₂. After 4 days of incubation, they were stained 
with 0.1% crystal violet solution and cytopathic ef-
fects (CPEs) in the cells were observed by inverted 
light microscopy. TCID50 (Fifty percent tissue cul-
ture infective dose) was calculated by the Spearman-
Karber Method [37,38].

2.7. Statistics

Data were expressed ± standart errors. The data ob-
tained as a result of the experiments were made us-
ing the GraphPad Prism Software version 8.4.2 (San 
Diego, CA, USA) for Windows with a 95% confi-
dence interval. Significance was accepted when p ≤ 
0.05.

3. Results and Discussion

The number of individuals with viral diseases is in-
creasing every year due to resistant pathogens with 
high adaptation ability. Population growth acceler-
ates the use of high-cost synthetic antiviral drugs. 
Considering the increasing drug costs and decreas-
ing treatment effectiveness resulting from viral in-
fections, it is essential to find cost-effective and ef-
fective antiviral solutions and develop new strategies 
[39].

Plant-derived drugs and medicinal plants have attract-
ed attention in recent years due to their easy adapt-
ability, low cost and less adverse effects compared 
to synthetic drugs [40]. Considering SARS-CoV-2 
which emerged in 2019 and became a pandemic 
causing the death of many people, limited number 
of antiviral studies have existed for different Cistus 
species against viruses, especially SARS-CoV-2. 
Therefore, the main aim of the current study was to 
determine the major SMs of Cistus extracts and eval-
uate the antiviral potential of Cistus extracts against 
the IBV-D274 strain and SARS-CoV-2.
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After the different organic and water extract ratio, 
ethanol:water (50%:50%) extraction amounts and 
yields of C. creticus, C. salvifolius, C. monspeliensis, 
C. parviflorus and C. laurifolius were 22.35% (2.235 
g), 24.46% (2.446 g), 30.23% (3.023 g), 21.32% 
(2.132 g) and 19,65% (1.965 g), respectively in Tab-
le 2. 

TPA assay were appiled to determine total phonolic 
contents of each Cistus extracts. Total phenolic con-
tents of Cistus extracts were listed in Table 3. TPA 
revealed that C. creticus (100% Ethanol), C. salvifo-
lius (50% Ethanol), C. monspeliensis (50% Metha-
nol), C. parviflorus (50% Methanol) and C. laurifo-
lius (100% Ethanol) extracts had more total phenolic 
content than other exctracts (Table 3). Therefore, 
further antiviral experiments were performed in the 
presence of these selected extracts with high phe-
nolic compounds.

C. creticus L. ethanol:water (50%:50%) extracts 
were analysed by LC-HRMS to detect major and 
minor compounds playing role in several biologic 
activities. Pharmacologically active phytochemicals 
of C. creticus L. extracts were shown in Table 4 and 
Figure 1-3. LC-HRMS analysis demonstrated that 
fumaric acid, acacetin, (-)-epicatechin, (-)-epigal-
locatechin and quercitrin were found as major com-
pounds in C. creticus extracts. Further data about 
method validation and chromatographic results of 
chemical content analyses of C. creticus extracts by 
LC-HRMS might be seen in Figure 1-3. 

HA assay were performed to determine virus pres-
ence in supernatant of whole groups. Titers from 
samples were showed in Table 5. The mean HA titer 
for the virus control group was 1024 after neglecting 
eggs due to manipulation and early mortality (Figure 
4 and Table 5). 

The antiviral effects of the Cistus extracts were 
evaluated by comparing with the virus control group 
whose virus titer was determined as 1024. All sam-
ples were labelled from L1 to L5 which indicates the 
plant species as describes in Table 5. Two different 
concentration (0.1 and 1 mg/kg Cistus extracts) were 
injected respectively, and the results are evaluated 
statistically. Significant activity was observed at 1 
mg/kg concentrations of all extracts and no virus 
was detected at HA test. The extracts exhibited dif-
ferent results for a concentration of 0.1 mg/kg. The 
highest HA titers among 0.1 mg/kg samples were 
found in C. monspeliensis extract with virus titers of 
1024, 4, 128 and 512, respectively (p < 0.05). HA ti-
ters in C. parviflorus extract were 512, 512, 256 and 
512, while C. laurifolius extract was 512, 1024, 512 
and 1024. C. creticus (having HA titers 1024, 1024, 
512 and 1024) and C. salviifolius (having HA titers 
2048, 1024, 2048 and 1024) extracts were similar to 
the virus control group. For these four groups, there 
was no significant relevance for 0.1 mg/kg compared 
with virus kontrol group. The most statistically sig-
nificant result for 0.1 mg/kg was found between C. 
monspeliensis and C. salviifolius (p < 0.001). 

After in ovo antiviral activity, viability assay were 
performed to demonstrate that C. creticus extracts 
did not cytotoxic activity in the absence of virus 
in Vero cell line. Results indicated that C. creticus 
extracts did not show any cytototxic activity againt 
Vero cell line exposed to increased concentrations of 
C. creticus extract (Figure 5). Light microscopy im-
age showed that morphological alterations were not 
observed for Vero cell line exposed to C. creticus 
extract at the concentrations of 0.5, 5 and 50 µg/mL 
(Figure 6).

TCID50/mL values were shown in Figure 7. It has 
been determined that the infection dose decreased 

Table 2. Extraction amounts and yields of Cistus L. species 

Extract Ethanol:water (50%:50%) 
Extract amount (g) Extraction yield (%)

C. creticus 2,235 22,35

C. salviifolius 2.446 24,46

C. monspeliensis 3,023 30,23

C. parviflorus 2,132 21,32

C. laurifolius 1,965 19,65
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Table 3. Total Phenolic Amounts in Cistus L. species 

Experiment number Plant Solvent mg GAE/gr plant

1 C. creticus L. Ethanol 256.002

2 C. creticus L. Methanol 170.748

3 C. creticus L. 50% ethanol 167.988

4 C. creticus L. 50% methanol 197.268

5 C. salvifolius L. Ethanol 194.778

6 C. salvifolius L. Methanol 18.051

7 C. salvifolius L. 50% ethanol 238.518

8 C. salvifolius L. 50% methanol 26.553

9 C. monspeliensis L. Ethanol 163.674

10 C. monspeliensis L. Methanol 171.906

11 C. monspeliensis L. 50% ethanol 168.324

12 C. monspeliensis L. 50% methanol 222.144

13 C. parviflorus L. Ethanol 128.742

14 C. parviflorus L. Methanol 190.242

15 C. parviflorus L. 50% ethanol 169.362

16 C. parviflorus L. 50% methanol 212.064

17 C. laurifolius L. Ethanol 194.454

18 C. laurifolius L. Methanol 176.604

19 C. laurifolius L. 50% ethanol 181.926

20 C. laurifolius L. 50% methanol 17.499

as the incubation period compared to SARS-CoV-2 
group. Prolonging the incubation period reduced the 
infection dose at 1 µg/mL (60 min.) by approximately 
20-fold compared to 1 µg/mL (10 min.), respectively. 
However, incubation period did not cause any altera-
tions in infection dose for 10 µg/mL. In addition to 
the incubation period, increasing the concentration 
was also effective in reducing the infection dose. 10 
µg/mL (10 min.) reduced infection dose by 100,000-
fold compared to 1 µg/mL (10 min.). 10 µg/mL (60 
min.) reduced infection dose by 1445-fold compared 
to 1 µg/mL (60 min.) (Figure 7). 

In ovo antiviral activity results revealed that C. parv-
iflorus and C. monspeliensis species had more antivi-
ral activity against the IBV-D274 strain than C. cre-
ticus, C. salvifolius and C. laurifolius (Figure 4 and 
Table 5). Different phenolic, flavonoid and terpenoid 
contents in each extract might be responsible for dif-
ferent biological activity (Table 3). Studies analyz-
ing the efficacy of secondary metabolites of Cistus 
sp. in ovo antiviral activity model are not reported. 
However, it is thought that Cistus sp. may exhibit in 
ovo activity against IBV owing to the flavonoids, al-
kaloids, phenolics, terpenoids, and polysaccharides 
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Table 4. Chemical contents of C. creticus L. (mg/kg ethanol:water (50%:50%) extract) 

Molecule Name Cistus creticus U %(k=2)

Ascorbic acid 247.64 11.07

(-)-Epigallocatechin 2546.60 11.34

(-)-Epigallocatechin gallate 287.69 11.53

Chlorogenic acid 8.14 11.14

Fumaric acid 4676.82 11.14

(-)-Epicatechin 2576.96 11.91

(-)-Epicatechin gallate <LOD 11.21

Verbascoside <LOD 12.08

Chicoric acid <LOD 10.97

Orientin <LOD 11.47

Caffeic acid <LOD 11.07

Sinapinic acid <LOD 12.01

Luteolin 7-glucoside <LOD 11.29

Rutin 492.67 11.79

Hyperoside <LOD 11.5

Dihydrokaempferol 8.70 11.35

Ellagic acid 302.55 11.47

Quercitrin 1118.07 11.69

Myricetin 32.55 11.68

Nepetin-7-glucoside <LOD 11.4

Quercetin 13.16 11.42

Salicylic acid 28.58 11.4

Luteolin <LOD 12.41

Nepetin <LOD 11.24

Kaempferol 45.42 11.9

Apigenin 116.53 11.54

Hispidulin <LOD 11.23

Isosakuranetin 26.32 11.48

Penduletin 70.19 11.81

Rhamnocitrin 93.40 11.22

Chrysin 6.16 11.09

Acacetin 2739.27 11.36
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Figure 1. LC-HRMS chromatogram of C. creticus L.

Figure 2. LC-HRMS chromatogram of C. creticus L. (continued)
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they contain [41]. In addition to IBV model, antivi-
ral potential of C. creticus extract, which is the most 
common in Türkiye and commercially available 
species in Europe, on SARS-CoV-2 was also exam-
ined. Increasing the incubation time (60 min.) and 
concentration of C. creticus extract (10 µg/mL) led 
to increase of antiviral activity, which means that C. 
creticus extract had dose-and time dependent anti-
viral activity against SARS-CoV-2 (Figure 7). Pre-
vious in vitro studies reported that polyphenol-rich 
C. creticus extracts showed potent antiviral activity 
against influenza, dengue fever, HIV-1 and HIV-2 vi-
ruses at concentration ranges of 5.40 and 50 µg/ml, 
which means that the concentration of C. creticus ex-
tract with potent antiviral activity (10 μg/mL) in our 
study was consistent with previous in vitro experi-
ments [42-45].

Furthermore, C. creticus did not cause any cytotox-
icity in Sars-CoV-2 infected Vero cells at 10 µg/ml 
(Figure 5-6). Cytotoxic activities were not also re-
ported at 50 µg/ml of polyphenol-rich extract of C. 
creticus against influenza virus-infected human lung 

adenocarcinoma cell (A549) and Madin-Darby ca-
nine kidney (MDCK) [43]. Similarly, diethyl ether 
extract of C. creticus did not lead to cytotoxic ac-
tivity at a concentration of 31.25 µg/ml in dengue 
virus-infected Vero cells [45]. Rebensburg et. al. 
(2016) mentioned that the polyphenolic compounds 
of C. creticus extract selectively targeted virus en-
velope proteins but did not penetrate into the host 
cell. This selectivity towards the virus rather than 
the host cell caused cell viability to be unaffected 
[44]. This might be the probable reason why C. cre-
ticus was not cytotoxic to Vero cell line in our study 
(Figure 5-6). Rebensburg et. al. (2016) also reported 
that C. creticus extract did not cause any viral resist-
ance for 168 days of incubation [44]. The possible 
explanation for overcoming viral resistance might 
be the fact that it was the plant containing the most 
phenolic compounds in its leaves and there is a large 
amount of secondary metabolites in the aerial parts. 
These different components eliminate viral resist-
ance through different mechanisms. Considering this 
information, it becomes clear that it is more advanta-
geous to use medicinal plants and food supplements 

Figure 3. LC-HRMS chromatogram of C. creticus L. (continued)
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as extracts rather than isolated molecules to increase 
treatment success [44-46].

SMs are natural products responsible for pharmaco-
logic activities of medicinal plants and food supple-
ments [47]. The reason why Cistus species had diffe-
rent ratio of antiviral activities (Figure 4 and Table 
5) might be due to the difference in the diversity and 
amounts of SMs such as phenolic molecules (Tab-
le 3). Advanced chromatographic techniques such 
as LC-MS or LC-MS/MS have been used to isolate 
and identify SMs including phenolic and flavonoid 
compounds in the extract of several Cistus species 
[46-48]. In our study, LC-HRMS analysis displayed 
that fumaric acid, acacetin, (-)-epicatechin, (-)-epi-

gallocatechin, quercitrin were the most abundant 
SMs in C. creticus extract (Table 4 and Figure 1-3). 

Former study indicated that while the essential oils 
of C. villosus and C. salviifolius were found as non-
terpene structure, the essential oils of C. creticus 
and C. monspeliensis were monoterpene and diter-
pene structures [49]. C. creticus extracts of different 
organic solvents such as petroleum ether, dichloro-
methane and methanol revealed that the chemical 
compositions of the extracts were rich in diterpenes, 
labdane-type diterpenes, triterpenes, tannins, hete-
rosides, flavonoids and saponosides [17,50]. While 
trans-tiliroside was determined as the most abundant 
flavonoids in methanol extracts of C. salviifolius 
and C. creticus, hyperin and myrcetin flavonoids 

Table 5. Hemagglutination assay results of Cistus L. Extracts 

Sample Conc. 
(μg/g)

No of Total 
Eggs

HA titer
(log2)

HA titer
(log2)

(Mean)

HA titer
(Mean)

Egg 1 Egg 2 Egg 3 Egg 4

Positive control 4 11 11 11 11 11 2048

(Only virus)

Vehicle control 4 11 11 11 11 11 2048

(DMSO)

Favipiravir 10 μg/g 4 9 8 10 9 9 512

(Antiviral drug) 25 μg/g 4 9 8 8 7 8 256

Negative control 4 0 0 0 0 0 0

(Untreated ECE)

C. creticus 0.1 μg/g 4 10 10 9 10 9.75 890

1 μg/g 4 1 1 1 1 2 2

C. salviifolius 0.1 μg/g 4 11 10 11 10 10.50 1450

1 μg/g 4 1 1 1 1 2 2

C. parviflorus 0.1 μg/g 4 9 9 8 9 8.75 430

1 μg/g 4 1 1 1 1 2 2

C. monspeliensis 0.1 μg/g 4 10 2 7 9 7 128

1 μg/g 4 1 1 1 1 2 2

C. laurifolius 0.1 μg/g 4 9 10 9 10 9.50 725

1 μg/g 4 1 1 1 1 2 2
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were determined as the most abundant flavonoids in 
methanol extracts of C. laurifolius [51]. In another 
study, chemical components of Cistus species were 
detected as scopoletin, methyl flavogallonate, hydro-

quinone, arbutin, methyl β-glucopyranoside and glu-
copyranoside along with kaempferol and quercetin 
derivatives [17,18]. Carev et. al. (2020) reported the 
major and minor compounds in aqueous extracts of 

Figure 4. Hemagglutination titre of Cistus L. extracts against IBV D274 after in ovo treatment in chorioallantoic fludics.

Figure 5. Viability of Vero cell line against C. creticus L. extract samples.
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C. creticus and C. salviifolius. Rutin was the only 
compound which was similar to our study as a major 
compound [48]. It is not surprise that the major and 
minor components of our study and previous Cistus 
L. studies are different, as the amount and diversity 
of SMs in plants might vary depending on the sea-
son of collection, altitude, amount of moisture or soil 
structure. In addition, the solvents with which Cis-
tus L. species are extracted and the chromatography 
conditions also affect the major and minor compo-
nents of Cistus L. species [47].

As mentioned above, fumaric acid, acacetin, (-)-epi-
catechin, (-)-epigallocatechin, quercitrin were found 
as the most abundant SMs in C. creticus L. extract 

(Table 4 and Figure 1-3). Fumaric acid is not only 
an intermediate product used in the Krebs cycle, but 
also provides great benefits in the treatment of can-
cer, cardiovascular and immunology diseases with 
its ester structure. Antiviral contribution of fumaric 
acid might be activation of the Krebs cycle instead 
of the synthesis of nucleotides necessary for the pro-
liferation of the virus [52,53]. Acetatine, the second 
most abundant SMs in our study, has been found to 
have antiviral activity (IC50: 1.20 μg/mL to 2.50 μg/
mL) against influenza virus and HIV in previous stu-
dies [54,55]. Another major compound (-)-epicatec-
hin has been shown to protect Mayaro virus-infected 
cells by 100% against infection at a concentration of 
124 μg/mL [56]. In studies conducted with (-)-epi-

Figure 6. Light microscopy image (10x) of Vero cell line exposed to increasing concentrations (A:0.5, B:5 and C:50 µg/mL) 
of C. creticus L. extract.

Figure 7. TCID50/mL of SARS-CoV-2 incubated in the presence of C. creticus L. extact (1 and 10 µg/mL) for 10 and 60 min-
utes.

Hacettepe University Journal of the Faculty of Pharmacy

ISSN: 2458 - 880613



gallocatechin gallate and (-)-epigallocatechin, it was 
stated that polyphenols showed antiviral activity not 
only by interacting with the hemagglutinin of the 
influenza virus but also by altering the physical pro-
perties of the virus membrane structure [57,58]. The 
antiviral activity of quercitrin, another major com-
pound in our study, against dengue virus was investi-
gated and the results showed that it caused moderate 
antiviral activity (IC50: 467.27 μg/mL) [59]. Consi-
dering the data available to date, two main antiviral 
activity mechanisms of C. creticus L. extract have 
been suggested. Schwerdtfeger et. al. (2008) repor-
ted that aqueous extract of C. creticus L. extract ca-
used strong inhibition of neuraminidase, which al-
lows newly replicated viruses to separate from the 
host cell [60]. Rebensburg et. al. (2016) reported that 
C. creticus extract prevented host cell infection by 
breaking down the viral envelope [44]. Apart from 
both mechanisms, it has been also stated that herbal 
components might exhibit biological activity thro-
ugh multiple mechanisms rather than a single mecha-
nism [45,61]. Although the antiviral mechanisms of 
the major compounds detected in our results are not 
fully clear, considering the results of previous expe-
riments, it is thought that the relevant compounds 
which were found as the major SMs might contribute 
to antiviral activity in our study.

4. Conclusion

Our study aimed to investigate antiviral potential 
of Cistus L. against IBV and SARS-CoV-2. In ovo 
antiviral activity assays indicated that extracts of 
C. parviflorus and C. monspeliensis demonstrated 
effective and strong antiviral activity against IBV-
D274 strain. Furthermore, C. creticus extract, which 
is the most used commercially extract for influenza, 
led to potent antiviral activity against SARS-CoV-2. 
In the light of the above information and results of 
current study, further experiments need to perform 
with C. parviflorus, C. monspeliensis and C. creticus 
to isolate and identify the active molecules respon-
sible for antiviral activity against IBV and SARS-
CoV-2. Further studies also must be carried out to 
illuminate the pharmacological mechanisms of the 
extracts or isolated compounds of Cistus L. species 
causing antiviral activity. Further studies with an ex-
tract containing a combination of effective antiviral 
compounds instead of a single effective compound 
might contribute to both increasing treatment suc-
cess and reducing viral resistance. Finally, it is en-

visaged to conduct clinical studies to report pharma-
cological and toxicological effects of Cistus L. spe-
cies on human health to develop novel products that 
might be used in the pharmaceutical industry and as 
food supplements.

In this study, Cistus L. species were collected with 
the permission of Republic of Turkey Ministry of 
Agriculture and Forestry, General Directorate of 
Nature Conservation and National Parks (approval 
number: 1037970339). In addition, the protocol for 
antiviral experiments was approved by the Ege Uni-
versity, Local Ethical Committee of Animal Experi-
ments (approval number: 2020-051). 

Acknowledgments

We gratefully thank Assoc. Prof. Dr. Hasan YILDI-
RIM who shared the coordinates for the correct col-
lection of Cistus L. species and Dr. Erdinc OGUR 
from the Aegean Agricultural Research Institute, 
who assisted in collecting the right species.

Conflict of Interest

The authors declare that they have no conflict of in-
terest.

Statement of Contribution of Researchers

Design and Concept – F.B., A.E., F.O.C., G.G.E., 
E.A.O., A.C.G, A.N.; Data Collection/ Processing – 
F.B., F.O.C., G.G.E., E.A.O., A.C.G, A.N.; Analysis 
– F.B., F.O.C., G.G.E., E.A.O., A.C.G, A.N; Writing 
– F.B., A.E., F.O.C., G.G.E., E.A.O., A.C.G, A.N.; 

Critical Reviews – F.B., A.E., F.O.C., G.G.E., E.A.O., 
A.C.G, A.N.

Competing Financial Interests

The authors declare no competing financial interests.

References 

1. Lewis W, Day BJ, Copeland WC. Mitochondrial toxicity 
of NRTI antiviral drugs: an integrated cellular perspecti-
ve. Nat. Rev. Drug Discov. 2003;2(10):812-822. https://doi.
org/10.1038/nrd1201 

2. De Benedetto I, Trunfio M, Guastamacchia G, Bonora S, Cal-
cagno A. A review of the potential mechanisms of neuronal 

Hacettepe University Journal of the Faculty of Pharmacy

Volume 45 / Number 1 / March 2025 / pp. 1-17 Bozoglan et al.14



toxicity associated with antiretroviral drugs. J Neurovirol. 
2020;26(5):642-651. https://doi.org/10.1007/s13365-020-
00874-9

3. Fan Q, Zhang B, Ma J, Zhang S. Safety profile of the 
antiviral drug remdesivir: An update. Biomed Pharma-
cother 2020;130:110532. https://doi.org/10.1016/j.biop-
ha.2020.110532 

4. Güçlü İ, Yüksel V. Fitoterapide antiviral bitkiler. World J. Exp. 
Med. 2017;7(13):25-34

5. WHO, traditional medicine strategy: 2014-2023, 2013. 
[cited July 2024]. Available from: https://www.who.int/
publications/i/item/9789241506096

6. Veiga M, Costa EM, Silva S, Pintado M. Impact of plant ext-
racts upon human health: A review. Crit Rev Food Sci Nutr 
2020;60(5):873-886. https://doi.org/10.1080/10408398.2018.
1540969 

7. Mukhtar M, Arshad M, Ahmad M, Pomerantz RJ, Wigdahl 
B, Parveen Z. Antiviral potentials of medicinal plants. Virus 
Res. 2008;131(2):111-120. https://doi.org/10.1016/j.virus-
res.2007.09.008 

8. Denaro M, Smeriglio A, Barreca D, De Francesco C, Occhiu-
to C, Milano G, Trombetta D. Antiviral activity of plants and 
their isolated bioactive compounds: An update. Phytother Res 
2020;34(4):742-768. https://doi.org/10.1002/ptr.6575 

9. Lin LT, Hsu WC, Lin CC. Antiviral natural products and her-
bal medicines. J Tradit Complement Med 2014;4(1):24-35. 
https://doi.org/10.4103/2225-4110.124335 

10. Akram M, Tahir IM, Shah SMA., Mahmood Z, Altaf A, Ah-
mad K, Munir N, Daniyal M, Nasir S, Mehboob H. Antivi-
ral potential of medicinal plants against HIV, HSV, influenza, 
hepatitis, and coxsackievirus: A systematic review. Phytother 
Res 2018;32(5):811–822. https://doi.org/10.1002/ptr.6024 

11. Guzmán B, Vargas P. Long₂distance colonization of the 
Western Mediterranean by Cistus ladanifer (Cistaceae) des-
pite the absence of special dispersal mechanisms. J. Bio-
geogr. 2009;36(5):954-968. https://doi.org/10.1111/j.1365-
2699.2008.02040.x 

12. Güvenç A, Yıldız S, Özkan AM, Erdurak CS, Coşkun M, Yıl-
maz G, Okuyama T, Okada Y. Antimicrobiological studies 
on Turkish Cistus species. Pharm Biol 2005;43(2):78-183. 
https://doi.org/10.1080/13880200590919537 

13. Tuzlacı E, Erol MK. Turkish folk medicinal plants. Part II: 
Eğirdir (Isparta). Fitoterapia. 1999;70(6):593-610. https://doi.
org/10.1016/S0367-326X(99)00074-X 

14. Gürdal B, Kültür S. An ethnobotanical study of medici-
nal plants in Marmaris (Muğla, Turkey). J. Ethnophar-
macol. 2013;146(1):113–126. https://doi.org/10.1016/j.
jep.2012.12.012 

15. Sayah K, Marmouzi I, Naceiri Mrabti H, Cherrah Y, Faouzi ME. 
Antioxidant Activity and Inhibitory Potential of Cistus salvii-
folius (L.) and Cistus monspeliensis (L.) Aerial Parts Extracts 
against Key Enzymes Linked to Hyperglycemia. Biomed Res. 
Int. 2017;2789482. https://doi.org/10.1155/2017/2789482 

16. Şekeroğlu N, Gezici S. Coronavirus pandemic and some 
Turkish medicinal plants. Anatolian Clinic. 2020;25(Suppl 
1):163-182. https://doi.org/10.21673/anadoluklin.724210 

17. Papaefthimiou D, Papanikolaou A, Falara V, Givanoudi S, 
Kostas S, Kanellis AK. Genus Cistus: a model for exploring 
labdane-type diterpenes’ biosynthesis and a natural source 
of high value products with biological, aromatic, and phar-
macological properties. Front. Chem.2014;2:35. https://doi.
org/10.3389/fchem.2014.00035 

18. Fang X, Wang R, Sun S, Liu X, Liu X, Wang W, Okada Y. 
Chemical constituents from the leaves of Cistus parviflorus. J. 
Chin. Pharm. Sci. 2018;27(1):40-50. https://doi.org/10.5246/
jcps.2018.01.005 

19. Rauwald HW, Liebold T, Grötzinger K, Lehmann J, Kuchta 
K. Labdanum and Labdanes of C. creticus and C. ladani-
fer: Anti-Borrelia activity and its phytochemical profiling. 
Phytomedicine 2019;60:152977. https://doi.org/10.1016/j.
phymed.2019.152977 

20. Marandino A, Vagnozzi A, Tomás G, Techera C, Gerez 
R, Hernández M, Williman J, Realpe M, Greif G, Panzera 
Y, Pérez R. Origin of New Lineages by Recombination and 
Mutation in Avian Infectious Bronchitis Virus from South 
America. Viruses. 2022;14(10):2095. https://doi.org/10.3390/
v14102095 

21. Brandão PE, Hora AS, Silva SOS, Berg M, Taniwaki SA. 
Complete Genome Sequence of Avian Coronavirus Strain 
D274. Microbiol. Resour. Announc. 2018;7(8):e01003-18. 
https://doi.org/10.1128/MRA.01003-18 

22. Mohajer Shojai T, Ghalyanchi Langeroudi A, Karimi V, Barin 
A, Sadri N. The effect of Allium sativum (Garlic) extract on 
infectious bronchitis virus in specific pathogen free embryonic 
egg. Avicenna J Phytomed. 2016;6(4):458-267.

23. Çevik M, Kuppalli K, Kindrachuk J, Peiris M. Virology, trans-
mission, and pathogenesis of SARS-CoV-2. BMJ (Clinical 
research ed.). 2020;371:m3862. https://doi.org/10.1136/bmj.
m3862 

24. Demiroz T, Nalbantsoy A, Kose FA, Baykan S. Phytochemical 
composition and antioxidant, cytotoxic and anti-inflammatory 
properties of Psephellus goeksunensis (Aytaç & H. Duman) 
Greuter & Raab-Straube. S Afr J Bot 2020;130:1-7. https://doi.
org/10.1016/j.sajb.2019.11.021 

25. Özer Z, Çarıkçı S, Yılmaz H, Kılıç T, Dirmenci T, Gören AC. 
Determination of secondary metabolites of Origanum vulgare 

Hacettepe University Journal of the Faculty of Pharmacy

ISSN: 2458 - 880615



subsp. hirtum and O. vulgare subsp. vulgare by LC-MS/MS. 
J. Chem. Metrol. 2020;14(1):25-34. http://doi.org/10.25135/
jcm.33.20.04.1610 

26. Kınoğlu BK, Dirmenci T, Alwasel SH, Gulcin İ, Goren AC. 
Quantification of main secondary metabolites of Satureja ica-
rica PH Davis (Lamiaceae) by LC-HRMS and evaluation of 
antioxidant capacities. J. Chem. Metrol. 2023;17(2):199-214. 
http://doi.org/10.25135/jcm.2311.2956 

27. Kızıltaş H, Bingol Z, Goren A, Alwasel S, Gülçin İ. Analysis 
of phenolic compounds by LC-HRMS and determination of 
antioxidant and enzyme Inhibitory properties of Verbascum 
speciousum Schrad. J. Nat. Prod. 2023;17(3):485-500. http://
doi.org/10.25135/rnp.370.2210.2598 

28. Magnusson B. and Örnemark U (eds.). 2014. Eurachem Gui-
de: The fitness for purpose of analytical methods- a laboratory 
guide to method validation and related topics, (2nd ed.). Avai-
lable from: https://www.eurachem.org/images/stories/Guides/
pdf/MV_guide_2nd_ed_EN.pdf 

29. Ghoke SS, Sood R, Kumar N, Pateriya AK, Bhatia S, Mishra, 
Dixit R, Singh VK, Desai DN, Kulkarni DD, Dimri U, Singh 
VP. Evaluation of antiviral activity of Ocimum sanctum and 
Acacia arabica leaves extracts against H9N2 virus using emb-
ryonated chicken egg model. BMC Complement Altern Med 
2018;18(1):174. https://doi.org/10.1186/s12906-018-2238-1 

30. Sarıkahya NB, Varol E, Okkali SG, Yucel B, Margaoan R, Nal-
bantsoy A. Comparative Study of Antiviral, Cytotoxic, Antio-
xidant Activities, Total Phenolic Profile and Chemical Content 
of Propolis Samples in Different Colors from Turkiye. Anti-
oxidants (Basel). 2022;11(10):2075. https://doi.org/10.3390/
antiox11102075 

31. WOAH. 2023. “Avian influenza (infection with avian influ-
enza viruses)”, Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals 12th. [cited July 2024]. Available from: 
https://www.woah.org/en/what-we-do/standards/codes-and-
manuals/terrestrial-manual-online-access (30 July 2024)

32. Detlef Schierstedt SA. 2010. [cited July 2024]. Cistus Extracts. 
United States Patent Application No: US20100062068A1. 
Available from: https://patents.google.com/patent/
US20100062068A1/en 

33. Ammerman NC, Beier-Sexton M, Azad AF. Growth and main-
tenance of Vero cell lines. Curr. Protoc. Microbiol. 2008;Ap-
pendix 4-4E. https://doi.org/10.1002/9780471729259.mca-
04es11 

34. Onen AE, Sonmez K, Yildirim F, Demirci EK, Gurel A. De-
velopment, analysis, and preclinical evaluation of inactivated 
vaccine candidate for prevention of Covid-19 disease. All Life. 
2022;15(1):771-793. https://doi.org/10.1080/26895293.2022.
2099468 

35. Mosmann T. Rapid colorimetric assay for cellular growth 
and survival: application to proliferation and cytotoxicity 
assays. J. Immunol. Methods 1983;65(1-2):55-63. https://doi.
org/10.1016/0022-1759(83)90303-4 

36. Tay FP, Huang M, Wang L, Yamada Y, Liu DX. Characte-
rization of cellular furin content as a potential factor deter-
mining the susceptibility of cultured human and animal 
cells to coronavirus infectious bronchitis virus infection. Vi-
rol. 2012;433(2):421-430. https://doi.org/10.1016/j.vi-
rol.2012.08.037 

37. Lei C, Yang J, Hu J, Sun X. On the Calculation of TCID50 for 
Quantitation of Virus Infectivity. Virol. Sin. 2021;36(1):141-
144. https://doi.org/10.1007/s12250-020-00230-5 

38. Ramakrishnan MA. Determination of 50% endpoint titer using 
a simple formula. World J. Virol. 2016;5(2):85-86. https://doi.
org/10.5501/wjv.v5.i2.85 

39. Abbas G, Yu J, Li G. Novel and Alternative Therapeutic Stra-
tegies for Controlling Avian Viral Infectious Diseases: Focus 
on Infectious Bronchitis and Avian Influenza. Front. Vet. Sci. 
2022;9:933274. https://doi.org/10.3389/fvets.2022.933274 

40. Zalegh I, Akssira M, Bourhi M, Mellouki F, Rhallabi N, Sa-
lamatullah AM, Alkaltham MS, Alyahya HK, Mhand RA. A 
review on Cistus sp.: phytochemical and antimicrobial ac-
tivities. Plants. 2021;10(6):1214. https://doi.org/10.3390/
plants10061214 

41. Bhuiyan FR, Howlader S, Raihan T, Hasan M. Plants Meta-
bolites: Possibility of Natural Therapeutics Against the CO-
VID-19 Pandemic. Frontier in Medicine. 2020;7(444). https://
doi.org/10.3389/fmed.2020.00444 

42. Droebner K, Ehrhardt C, Poetter A, Ludwig S, Planz O. 
CYSTUS052, a polyphenol-rich plant extract, exerts anti-
influenza virus activity in mice. Antivir Res. 2007;76(1):1-10. 
https://doi.org/10.1016/j.antiviral.2007.04.001 

43. Ehrhardt C, Hrincius ER, Korte V, Mazur I, Droebner K, Poet-
ter A, Dreschers S, Schmolke M, Planz O, Ludwig S. A poly-
phenol rich plant extract, CYSTUS052, exerts anti influenza 
virus activity in cell culture without toxic side effects or the 
tendency to induce viral resistance. Antiv Res. 2007;76(1):38–
47. https://doi.org/10.1016/j.antiviral.2007.05.002 

44. Rebensburg S, Helfer M, Schneider M, Koppensteiner H, 
Eberle J, Schindler M, Gürtler L, Brack-Werner R. Potent 
in vitro antiviral activity of Cistus incanus extract against 
HIV and Filoviruses targets viral envelope proteins. Sci Rep 
2016;6:20394. https://doi.org/10.1038/srep20394 

45. Kuchta K, Tung NH, Ohta T, Uto T, Raekiansyah M, Grötzin-
ger K, Rausch H, Shoyama Y, Rauwald HW, Morita K. The 
old pharmaceutical oleoresin labdanum of Cistus creticus L. 
exerts pronounced in vitro anti-dengue virus activity. J. Eth-
nopharmacol. 2020;257:112316. https://doi.org/10.1016/j.
jep.2019.112316 

Hacettepe University Journal of the Faculty of Pharmacy

Volume 45 / Number 1 / March 2025 / pp. 1-17 Bozoglan et al.16



46. Barrajón-Catalán E, Fernández-Arroyo S, Roldán C, Guillén 
E, Saura D, Segura-Carretero A, Micol V. A systematic study 
of the polyphenolic composition of aqueous extracts deriving 
from several Cistus genus species: evolutionary relations-
hip. Phytochem Anal:PCA. 2011;22(4):303-312. https://doi.
org/10.1002/pca.1281 

47. Li Y, Kong D, Fu Y, Sussman MR, Wu H. The effect of deve-
lopmental and environmental factors on secondary metaboli-
tes in medicinal plants. Plant Physiol Biochem 2020;148:80-
89. https://doi.org/10.1016/j.plaphy.2020.01.006 

48. Carev I, Maravić A, Ilić N, Čikeš Čulić V, Politeo O, Zorić 
Z, Radan M. UPLC-MS/MS Phytochemical Analysis of Two 
Croatian Cistus Species and Their Biological Activity. Life 
(Basel). 2020;10(7):112. https://doi.org/10.3390/life10070112 

49. Politeo O, Maravić A, Burčul F, Carev I, Kamenjarin 
J. Phytochemical composition and antimicrobial activity 
of essential oils of wild growing Cistus species in Croa-
tia. Nat. Prod. Commun. 2018;13(6):771-774. https://doi.
org/10.1177/1934578X1801300631 

50. Sahraoui R, Djellali S, Chaker AN. Morphological, anatomi-
cal, secondary metabolites investigation and physicochemical 
analysis of Cistus creticus. Phcog Commn. 2013;3(4):58.

51. Gürbüz P, Kosar M, Güvenalp Z, Uz A. Demirezer, L. Simulta-
neous determination of selected flavonoids from different Cis-
tus species by HPLC-PDA. J. Pharm. Res. 2018;22(3). https://
doi.org/10.12991/jrp.2018.80 

52. Das RK, Brar SK, Verma M. Recent advances in the bio-
medical applications of fumaric acid and its ester derivati-
ves: The multifaceted alternative therapeutics. Pharmacol. 
Rep. 2016;68(2):404-414. https://doi.org/10.1016/j.pha-
rep.2015.10.007 

53. Mayer KA, Stöckl J, Zlabinger GJ, Gualdoni GA. Hijacking 
the supplies: metabolism as a novel facet of virus-host interac-
tion. Front. immunol. 2019;10:1533. https://doi.org/10.3389/
fimmu.2019.01533 

54. Critchfield JW, Butera ST, Folks TM. Inhibition of HIV acti-
vation in latently infected cells by flavonoid compounds. AIDS 
Res Hum Retrovir 1996;12(1):39-46. https://doi.org/10.1089/
aid.1996.12.39 

55. Wu Q, Yu C, Yan Y, Chen J, Zhang C, Wen X. Antiviral fla-
vonoids from Mosla scabra. Fitoterapia. 2010;81(5):429-433. 
https://doi.org/10.1016/j.fitote.2009.12.005 

56. Ferreira PG, Ferraz AC, Figueiredo JE, Lima CF, Rodrigues, 
VG, Taranto AG, Ferreira JMS, Brandão GC, Vieira-Filho SA, 
Duarte LP, de Brito Magalhães CL, de Magalhães, JC. Detecti-
on of the antiviral activity of epicatechin isolated from Salacia 
crassifolia (Celastraceae) against Mayaro virus based on pro-
tein C homology modelling and virtual screening. Arch. Virol. 
2018;163(6):1567-1576. https://doi.org/10.1007/s00705-018-
3774-1 

57. Nakayama M, Suzuki K, Toda M, Okubo S, Hara Y, Shima-
mura T. Inhibition of the infectivity of influenza virus by tea 
polyphenols. Antivir Res. 1993;21(4):289-299. https://doi.
org/10.1016/0166-3542(93)90008-7 

58. Song JM, Lee KH, Seong BL. Antiviral effect of catechins in 
green tea on influenza virus. Antivir Res. 2005;68(2):66-74. 
https://doi.org/10.1016/j.antiviral.2005.06.010 

59. Chiow KH, Phoon MC, Putti T, Tan BK, Chow VT. Evalu-
ation of antiviral activities of Houttuynia cordata Thunb. 
extract, quercetin, quercetrin and cinanserin on murine coro-
navirus and dengue virus infection. Asian Pac. J. Trop. Med. 
2016;9(1):1-7. https://doi.org/10.1016/j.apjtm.2015.12.002 

60. Schwerdtfeger SM, Melzig MF. Wirkung von Pflanzenext-
rakten auf die Neuraminidase-Aktivität. Z. fur Phytother. 
2008;29(02):65-70. https://doi.org/10.1055/s-2008-1077269 

61. Wagner H. Multitarget therapy--the future of treatment for 
more than just functional dyspepsia. Phytomedicine : Int. J. 
Phytopharm 2006;13(5):122–129. https://doi.org/10.1016/j.
phymed.2006.03.021 

Hacettepe University Journal of the Faculty of Pharmacy

ISSN: 2458 - 880617


