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Abstract
Background: Rhinoviruses and in�uenza viruses cause the majority of acute respiratory infections (ARIs). Symptoms of ARIs are commonly treated
with over-the-counter products like ambroxol, bromhexine, and N-acetylcysteine, as well as thyme and pelargonium extracts. Because the antiviral
activity of these over-the-counter products has not been studied in a systematic way, the current study aimed to compare their antiviral effect
against two rhinovirus and two in�uenza virus strains in an in vitro setting.

Methods: The cytotoxicity of ambroxol, bromhexine, and N-acetylcysteine, as well as of thyme and pelargonium extracts was analyzed in Madin-
Darby canine kidney (MDCK) and HeLa cells. The antiviral effect of these over-the-counter products was compared by analyzing the dose-
dependent inhibition (i) of rhinovirus A2- and B14-induced cytopathic effect in HeLa cells and (ii) of in�uenza virus A/Hong Kong/68 (subtype
H3N2)- and A/Jena/8178/09 (subtype H1N1, pandemic)-induced cytopathic effect in MDCK cells at non-cytotoxic concentrations.

Results: The results revealed a good compatibility (no or only marginal cytotoxicity in MDCK and HeLa cells) of the agents that were tested. No anti-
rhinoviral activity was detected at non-cytotoxic concentrations in this in vitro study setting. Ambroxol, bromhexine, and N-acetylcysteine inhibited
the in�uenza virus-induced cytopathic effect in MDCK cells no or less than 50%. In contrast, a dose-dependent anti-in�uenza virus activity of thyme
and pelargonium extracts was demonstrated.

Conclusions: The results of our comparative in vitro study indicate differences in the antiviral e�cacy of ambroxol, bromhexine, and N-
acetylcysteine, as well as of thyme and pelargonium extracts and suggest that the inhibition of in�uenza virus replication by thyme and
pelargonium extracts may contribute to the bene�cial effects of these plant extracts on ARI symptoms.

Background
Acute respiratory infections (ARIs) affect the upper and/or lower respiratory tract and account for the majority of infectious diseases worldwide.
ARIs have a huge medical and economic impact through increased use of healthcare resources and loss in productivity. Severe infections of the
lower respiratory tract even represent the fourth most common reason of death worldwide [1].

ARI are commonly caused by viruses [2]. In particular rhino- and in�uenza viruses are frequently diagnosed in ARIs with mild as well as severe
respiratory symptoms, including acute lung injury [3, 4]. Annual in�uenza epidemics are estimated to result in about 3 to 5 million cases of severe
illness, and about 290 000 to 650 000 respiratory deaths [5]. Unfortunately, measures of prevention and treatment of rhinovirus infections do not
exist, albeit the viral capsid, the protease, and polymerase have been identi�ed as valid targets of inhibitors acting against a broad spectrum of
rhinovirus serotypes [6, 7]. Even though in�uenza vaccines do exist, they are suboptimal applied [8–11]. The arsenal of drugs for treatment of
in�uenza is limited and currently includes M2 ion channel blockers (amantadine and rimantadine), neuraminidase inhibitors (oseltamivir, zanamivir,
laninamivir, and peramivir), and polymerase inhibitors (favipiravir and baloxavir) [12, 13]. Moreover, there is a permanent risk of emergence of drug-
resistant in�uenza viruses due to the high genetic variability based on point mutations and gene reassortment [14]. For example, the two M2 ion
channel blockers are not recommended for use in monotherapy today because the circulating in�uenza A viruses are resistant [5]. Of note, ion
channel blockers do not generally act against in�uenza B viruses due to structural differences in the viral target [15]. According to World Health
Organization (WHO) recommendations, “patients with severe or progressive clinical illness associated with suspected or con�rmed in�uenza virus
infection (i.e. clinical syndromes of pneumonia, sepsis or exacerbation of chronic underling diseases) should be treated with antiviral drugs as soon
as possible” [5]. Ideally treatment should be started within 48 hours following symptom onset to maximize therapeutic bene�ts, but drug
administration should also be considered in patients presenting later in the course of illness [5].

The WHO further recommends that in�uenza patients who are not in a high-risk group “should be managed with symptomatic treatment and are
advised, if symptomatic, to stay home in order to minimize the risk of infecting others in the community. Treatment focuses on relieving symptoms
of in�uenza such as fever” [5]. In fact, the management of upper and lower respiratory tract infections often relies on the use of self-medicated over-
the-counter (OTC) medicines [16].

According to a European study analyzing medication use in primary care patients with lower respiratory tract infections, 55.4% of patients self-
medicated before consultation and 21.5% after consultation. Mucolytic agents were amongst the most frequently used self-medications [16].
Mucolytic agents like ambroxol (a metabolite of bromhexine), bromhexine, and N-acetylcysteine are also widely used in the therapy of chronic
obstructive pulmonary disease (reduction of frequency and duration of exacerbations), bronchitis and sinusitis [17]. The anti-in�ammatory and anti-
oxidant properties of mucolytic agents have been shown to contribute to symptom relief [17, 18] but further research is needed to prove their
e�cacy [16, 17]. Furthermore, thyme and pelargonium extracts are frequently used for symptomatic treatment of ARIs [19–21].

The antiviral potential of OTC medicines has been studied sporadically. Few studies were performed with ambroxol [22, 23], N-acetylcysteine [24–
27], and pelargonium extracts [28–30] in vitro and/or in vivo. The results are hard to compare because, in part, very high agent concentrations,
different experimental conditions (e.g. cell lines or primary cells, different treatment schedules, infections dose, and controls), and study parameters
(e.g. lethality and time of symptom release) were applied. Albeit bene�cial treatment effects were shown in vitro and in vivo, it is di�cult to draw
conclusions on the effects of most of these self-medications on rhinovirus and/or anti-in�uenza virus replication. Although in vitro experiments
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cannot mimic the multifactorial and very complex in vivo situation and have only a limited predictive value for the clinical setting, antiviral effects
shown in vitro can help to explain treatment success seen in vivo or in a clinical setting.

In this study, we aimed to comparatively analyze the effect of ambroxol, bromhexine, N-acetylcysteine, thyme, and pelargonium extract on the
replication of rhinoviruses and in�uenza A viruses at non-cytotoxic micromolar concentrations in vitro. The well-known inhibitors pleconaril and
zanamivir were used to validate the antiviral assays with rhinoviruses and in�uenza A viruses, respectively. To ensure the selectivity of the antiviral
effect, the cytotoxicity of all extracts and compounds was analyzed in the cell lines used for antiviral studies.

Methods

Reference compounds and test items
As there are no drugs to treat rhinovirus infections, pleconaril, an inhibitor with well-known anti-rhinoviral activity was used to validate the antiviral
assays. The sensitivity of rhinoviruses to pleconaril has been determined in previous studies [31, 32]. For in�uenza A viruses, the drug zanamivir
was used as reference compound. The zanamivir sensitivity of the used in�uenza A viruses was known [33, 34]. Stock solutions of pleconaril and
zanamivir (10 000 µM) were prepared in dimethyl sulfoxide and bi-distilled water, respectively.

The cytotoxic and antiviral activities of ambroxol and bromhexine hydrochloride (Boehringer Ingelheim Pharma GmbH & Co KG, Ingelheim,
Germany), N-acetylcysteine (SIGMA-Aldrich Chemie GmbH, Schnelldorf, Germany), �uid thyme extract (R&R Extrakte GmbH; Cologne, Germany),
pelargonium extract (A. Nattermann & Cie. GmbH; Cologne, Germany) were compared in this study. The thyme extract was used as provided. Stock
solutions of the other test items were prepared in dimethyl sulfoxide in the following concentrations: 10 000 µg/ml of pelargonium extract or 10 000
µM for ambroxol, bromhexine, and N-acetylcysteine.

Working solutions of the reference compounds and test items were done in the test medium described in the following paragraph.

Cell lines and virus strains
HeLa Ohio (human cervix carcinoma) and Madin-Darby canine kidney (MDCK) cells allow the determination of cytotoxicity as well as antiviral
activity of inhibitors against rhinoviruses and in�uenza A viruses, respectively. Cell culture growth medium for HeLa cells contained Eagle´s minimal
essential medium (EMEM), supplemented with 5% newborn calf serum (NCS), 2 mM L-glutamine, and 1% non-essential amino acids (NEAA). For
MDCK cells, EMEM with 10% NCS, 2 mM L-glutamine, and 1% NEAA was used. The EMEM for anti-rhinoviral tests (test medium) in HeLa cells was
supplemented with 2% NCS only. The antiviral tests with in�uenza A viruses were performed in MDCK cells with EMEM supplemented with 2.3%
sodium bicarbonate, 2 µg/ml trypsin, 2 mM L-glutamine, and 1% NEAA (test medium).

Viruses included in this study were rhinovirus A2 (Institute of Biochemistry, University, Vienna, AUT), rhinovirus B14 (Charité, Berlin, Germany), the
H3N2 in�uenza virus A/Hong Kong/68 (Schaper and Brümmer, Salzgitter, Germany), and the A(H1N1)pdm09 in�uenza virus A/Jena/8178/09
(isolated and kindly provided by Andy Krumbholz (34)). Rhinoviruses and in�uenza A viruses were grown and titrated in HeLa and MDCK cells,
respectively. The determined virus titers of rhinovirus A2, rhinovirus B14, in�uenza virus A/Hong Kong/68, and in�uenza virus A/Jena/8178/09 were
6.3 × 106 TCID50/ml, 2.0 × 106 TCID50/ml, 2.0 × 107 TCID50/ml, and 6.3 × 107 TCID50/ml, respectively. Aliquots of the virus working passages were
stored at -80°C until use.

Cytotoxicity determination
HeLa Ohio and MDCK cells were seeded at 1.6 × 104 and 2.3 × 104, cells/well in 100 µl growth medium in 96 well �at-bottomed microtiter plates,
respectively. The cytotoxicity of the test compounds was determined on two-day-old con�uent cell monolayers grown in the internal 60 wells of a
microtiter plate (5% carbon dioxide, 37°C). After removal of the growth medium, 50 µl of test medium and the eight half-log dilutions of the
reference compounds pleconaril or zanamivir, or eight half-log dilutions of test items in test medium (each concentration in duplicates) were added.
The concentration range of reference compounds applied to cytotoxicity assays was 0.0316-100 µM. The concentration range of test items was
0.00033-0.5% v/v for thyme extract, 0.0316-100 µg/ml for pelargonium extract, and 0.0316-100 µM for ambroxol, bromhexine, and N-acetylcysteine.
Six cell control wells were incubated with 100 µl test medium. After 72 hours of incubation at 37°C in 5% carbon dioxide atmosphere, the Dynex
Immuno Assay System (Guernsey, UK), developed for automated ELISA techniques, was applied to gently wash, stain, measure, and analyze the
viability of the cell monolayers [35]. Cell viability was evaluated as the percentage of the mean value of optical density resulting from the 6 cell
controls, which was set 100%. The inhibitor concentration that reduces the viability of the treated cells in comparison to untreated control cells (no
inhibitor) by half is called 50% cytotoxic concentration (CC50). A minimum of three independent experiments were performed.

Antiviral assays
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Rhinoviruses and in�uenza viruses cause a cytopathic effect (CPE) in HeLa and MDCK cells, respectively. The CPE can be quanti�ed after staining
the cells with crystal violet and dye elution by optical density measurement as described before [32, 35]. The ability of certain compounds to protect
cells from CPE can be analyzed using CPE inhibitory assays. Seeding and growth of MDCK cells with in�uenza viruses for CPE inhibitory assays
was done similarly to the cytotoxicity assay. HeLa cells were incubated for one day only before adding rhinoviruses in anti-rhinovirus assays. After
the aspiration of the cell growth medium, 50 µl of test medium (mock-treatment of cell and virus controls) or 8 half-log dilutions of reference
compounds or test items in test medium, and a certain multiplicity of infection (MOI) of the test virus in a volume of 50 µl of the test medium, were
added to the cell monolayers. The MOI of RV-A2, RV-B14, HK/68, and Jena/8178 was adjusted to 0.03, 0.01, 0.008, and 0.005 TCID50/cell,
respectively. The concentration range of reference compounds (pleconaril or zanamivir) applied to the CPE inhibitory assays was 0.0003-1 µM. The
concentration range of test items applied to test was 0.00033-0.5% v/v for thyme extract, 0.0316-100 µg/ml for pelargonium extract, and 0.0316-
100 µM for ambroxol, bromhexine, and N-acetylcysteine. Six wells of non-infected and six wells of infected cells (both mock-treated with test
medium) served as cell and virus control, respectively, on each plate.

Plates were incubated at 37 °C in a humidi�ed atmosphere with 5% CO2 for 48 hours (HK/68 and Jena/8178) or 72 hours (RV-A2), or at 33 °C for 72
hours (RV-B14). Thereafter, the cell monolayers were �xed and stained with a 0.03% crystal violet solution in 2% ethanol and 3% formalin in water
with the Dynex Immuno Assay System (Guernsey, UK) following the procedure described elsewhere [35]. The percentage of antiviral activities of the
test compounds were calculated according to Pauwels et al. [36] using the following equation: antiviral activity = [(mean optical density of 6 cell
controls - mean optical density of 6 virus controls)/(optical density of test - mean optical density of 6 virus controls)] × 100%. A 100% CPE inhibition
means that 100% of virus-infected, inhibitor-treated cells were viable. At least three independent experiments were performed.

Statistical methods
The 50% cytotoxic and inhibitory concentrations (CC50 and IC50 values) were calculated from dose-response curves. Linear regression analysis
using Microsoft Excel 2010 was applied in the linear scaled dose-dependent sample concentrations. Means and standard deviations (SD) of the
CC50 and IC50 were calculated using Microsoft Excel 2010.

Results

Cytotoxicity in HeLa cells and anti-rhinovirus activity
The cytotoxicity of test items for HeLa cells was quanti�ed using a crystal violet staining procedure at day three after compound addition. The
results are summarized in Table 1 and Fig. 1. Only non-cytotoxic concentrations (³90% viability as compared to the mean optical density value of
six cell control wells which was set at 100% cell viability) were used to assess antiviral activity to avoid an impairment of virus growth due to
cytotoxic effects of the test items.

The control compound pleconaril exerted a marked dose-dependent cytotoxic effect in HeLa cells when applied at concentrations higher than 10 µM
(Fig. 1a). However, pleconaril dose-dependently inhibited the rhinovirus A2- and rhinovirus B14-induced CPE at low micromolar concentrations that
were well tolerated by HeLa cells (Fig. 1a, Table 1). Thus, the CC50/IC50 ratio indicating the selectivity of pleconaril activity was >3 500.

With the exception of thyme extract, all test items were well tolerated in Hela cells. N-acetylcysteine was non-cytotoxic in the tested concentration
range (Table 1). However, in contrast to pleconaril and as seen in Fig. 1b-1f, none of the tested OTCs reduced the rhinovirus A2- and rhinovirus B14-
induced CPE at concentrations that are non-cytotoxic for HeLa cells. A slight inhibition of rhinovirus-induced CPE of was seen at concentrations
affecting also cell viability.

Cytotoxicity in MDCK cells and anti-in�uenza A virus activity
The control compound zanamivir was well tolerated by MDCK cells (Fig. 2a). Zanamivir was highly active against both In�uenza A viruses, and
inhibited the in�uenza virus A/Hong Kong/68- and in�uenza virus A/Jena/8178/09-induced CPE at nano- and micromolar concentrations in a dose-
dependent manner (Fig. 2a, Table 1).

As seen in Table 1, Fig. 2b and 2d, N-acetylcysteine and ambroxol did not show any effect on in�uenza virus A/Hong Kong/68 and in�uenza virus
A/Jena/8178/09 at non-cytotoxic concentrations (MDCK cell viability >90%). The induction of CPE was inhibited by approximately 50% at a
concentration of 31.6 and/or 100 µM. At this concentration, an unspeci�c inhibition of viral replication mediated by the measured cytotoxic effect
cannot be excluded.

Bromhexine was cytotoxic at 100 µM (Fig. 2c). At 31.6 µM, the in�uenza virus A/Hong Kong/68-induced CPE was reduced by 30%. Thyme extract
was cytotoxic at the maximum tested concentration of 0.5% v/v (Fig. 2e). At lower, non-cytotoxic concentrations, the thyme extract dose-
dependently decreased the in�uenza virus A/Hong Kong/68- and in�uenza virus A/Jena/8178/09-induced CPE indicating an antiviral activity. The
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pelargonium extract exerted the strongest dose-dependent anti-in�uenza virus effect of all tested agents. It showed IC50 values of approximately 10
µM against both in�uenza virus A/Hong Kong/68- and in�uenza virus A/Jena/8178/09 (Table 1, Fig. 2f). Moreover, pelargonium extract was well
tolerated in MDCK cells.

In summary, all test items were well tolerated in con�uent HeLa and MDCK cells. However, there was no antiviral activity against rhinovirus A2 and
rhinovirus B14 at non-cytotoxic concentrations. Thyme and pelargonium extract inhibited the in�uenza virus-induced cytopathic effect in MDCK
cells, whereas the other test items exerted a small effect or no effect at all.

Discussion
In the present study, the effect of �ve commonly used OTCs for treatment of ARIs on the replication of two rhinoviruses and two in�uenza A viruses
was compared under standardized experimental conditions (e.g. MOI, compound treatment, readout, control compounds) in an in vitro setting. The
previously reported antiviral activities of the control compounds pleconaril [31, 32] and zanamivir [33, 34] were fully con�rmed here.

The results indicate a different anti-rhinovirus and anti-in�uenza A virus potential of ambroxol, bromhexine, N-acetylcysteine, thyme and
pelargonium extracts. At non-cytotoxic concentrations, neither bromhexine nor its metabolite ambroxol (0.0316–100 µM) exerted a ≥50% CPE
inhibition against the tested rhinoviruses and in�uenza A viruses in HeLa and MDCK cells, respectively, when added immediately before virus
challenge to the cells. Ambroxol reaches a mean peak human plasma concentration of about 0.2 µM [37], a concentration that was non-cytotoxic
and did not act antiviral here. In contrast, a 3-day pretreatment of primary cultures of human tracheal epithelial cells with ambroxol at a
concentration of at least 0.1 µM reduced the viral titer of RV-B14 in the supernatant in a concentration-dependent manner [22]. According to Yamaya
et al. [22], a 3-day pretreatment of the cells with ambroxol indirectly affected the RV-B14 infection by reducing the virus receptor expression, the
number of acidic endosomes, and the �uorescence intensity of the acidic endosomes compared to untreated or vehicle-treated cells. The antiviral
effect of ambroxol added immediately before virus challenge was not studied by these authors. Therefore, it remains unclear whether the different
study outcome is based on the different cells used, the pretreatment with ambroxol or both. To the best of our knowledge, there are no publications
on the anti-in�uenza virus effect of ambroxol in vitro. In mouse airways, in�uenza virus replication was indirectly suppressed by ambroxol-induced
increase of the concentration of suppressors of viral replication, such as pulmonary surfactant, mucus protease inhibitor, and immunoglobulin A
[23]. The absence of pulmonary surfactant, mucus protease inhibitor, and immunoglobulin A in vitro could explain the lack of anti-viral activity in in
vitro experiments.

No antiviral activity was found for the antioxidant molecule N-acetylcysteine (0.0316–100 µM) in the present study. There are no publications on
the anti-rhinovirus effect of N-acetylcysteine in vitro. The negative results obtained for in�uenza A viruses seem to be in contradiction with previous
�ndings obtained with in�uenza A viruses in A549 cells [25, 26]. However, this previously published anti-in�uenza virus activity was observed after
treating A549 cells at much higher concentrations (10 and/or 15 mM), starting with a 1-hour or 24-hour pre-incubation period prior to virus infection.
In striking contrast, the maximal plasma concentration following the application of 600 mg of N-acetylcysteine is only about 16 µM [38]. There are
two reports on the protective effects (reduction of lethality and/or body weight loss) of N-acetylcysteine (0.2 or 1 g/kg body weight per day) in
models of in�uenza infection in mice [27, 39]. Both reports explain the observed protective effects by the antioxidant activity of N-acetylcysteine
attenuating pulmonary in�ammation which does not play a role in in vivo experiments. A third report did not con�rm the protective effect of N-
acetylcysteine (1 g/kg body weight per day) on survival and the mean survival time in in�uenza A virus-infected mice [24].

The thyme extract was well tolerated in both HeLa and MDCK cells. It was inactive against rhinoviruses, but reduced the in�uenza A virus-induced
cytopathic effect at non-cytotoxic dilutions (0.03–0.33% v/v) in a dose-dependent manner. Thyme extract is also known to inhibit herpes simplex
virus infections in vitro [40, 41] by inactivating the infectivity of the virus [41].

Pelargonium extract did not inhibit the induction of CPE by rhinoviruses A2 and B14 in HeLa cells. However, it was shown to reduce rhinovirus A16
infection of human primary bronchial epithelial cells by down-regulating cell membrane docking proteins and up-regulating host defense proteins,
as described recently [29]. Pelargonium extract exerted the best anti-in�uenza A virus activity with mean IC50 values of 7.80 and 11.67 µg/ml for the
two in�uenza A virus strains tested (H1N1: Jena/8178 and H3N2: HK/69). These results assort well with data published for Pelargonium sidoides
extract EPs® 7630 and other in�uenza A virus strains of subtype H1N1 and H3N2 in MDCK cells elsewhere [28, 30]. EPs® 7630 impaired viral
hemagglutination as well as neuraminidase activity and inhibited viral replication when added to cells two hours before or at the time of virus
challenge [30]. Polyphenolic compounds, in particular oligomeric and polymeric proanthocyanidins based on gallocatechin and epigallocatechin
moieties (prodelphinidins), represent the antiviral active compounds in EPs® 7630. The bene�t of EPs® 7630 treatment was also demonstrated in a
mouse model of in�uenza where the extract was administered by inhalation [30].

Conclusions
The results obtained in the present in vitro study suggest that the inhibition of in�uenza virus replication by thyme and pelargonium extract may
contribute to the bene�cial effects of these plant extracts on ARI symptoms.
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Table

Table 1 Cytotoxicity and antiviral activity of test items and control compounds
Compounds/

Extracts
 

units
50% cytotoxic

concentration in
50% inhibitory concentration against Selectivity index

against
Rhinoviruses influenza A viruses influenza A viruses

HeLa cells MDCK cells A2 B14 Jena/8178 HK/68 Jena/8178 HK/68
mean SD mean SD mean SD mean SD mean SD mean SD    

Pleconaril µM 28.75 8.06 n.d.   0.008 0.003 0.025 0.009  n.d.  n.d.    
Zanamivir µM   n.d. >100*     n.d.   n.d. 0.007 0.004 0.008 0.003 >14285 >12500
Bromhexine µM 51.85 9.80 51.29 9.08 n.a.   n.a.   n.a.   n.a.      
Ambroxol µM 61.24 42.03 >100*   n.a.   n.a.   n.a.   n.a.      
N-
acetylcysteine

µM >100*   >100*   n.a.   n.a.   n.a.   n.a.      

Thyme
extract

% v/v >0.5* 0.32 0.07 n.a.   n.a.   0.03 0.01 0.03 0.00 11 11

Pelargonium
extract

µg/ml >100*   >100*   n.a.   n.a.   7.80 2.55 11.67 6.03  
>13

 
>9

                                 

Means and standard deviation (SD) of the calculated 50% cytotoxic and the 50% inhibitory concentrations are shown.

n.d.: not determined; n.a.: not active up to the maximum non-cytotoxic concentration.

*More than 50% viability at the maximum tested concentration. Therefore, the 50% cytotoxic concentration is assumed to be higher than 100 µg/ml, 100 µM, 

0.5% v/v.

Figures
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Figure 1

Dose-dependent cytotoxicity and anti-rhinovirus activity of pleconaril and test items in HeLa cells. The cytotoxicity and anti-rhinovirus activity of
pleconaril (a), N-acetylcysteine (b), bromhexine (c), ambroxol (d), thyme extract (e), and pelargonium extract (f) were analyzed in HeLa cells.
Rhinovirus A2 (RV-A2) and anti-rhinovirus B14 (RV-B14) were included as test viruses in the antiviral studies. Means and standard deviations of at
least three independent experiments are shown.
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Figure 3

Dose-dependent cytotoxicity and anti-in�uenza virus activity of zanamivir and test items in MDCK cells. The cytotoxicity and anti-rhinovirus activity
of pleconaril (a), N-acetylcysteine (b), bromhexine (c), ambroxol (d), thyme extract (e), and pelargonium extract (f) were analyzed in HeLa cells.
In�uenza virus A/Hong Kong/68 (HK/68) and in�uenza virus A/Jena/8178/09 (Jena/8178) were included in the antiviral studies. Means and
standard deviations of at least three independent experiments are shown.


