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Background and Aims: Currently, there are antiviral chemicals used to 

treat viral infections accompanied by limitations such as high levels of 

toxicity and adverse effects in humans, the emergence of drug-resistant 

viral strains, low numbers, and limited diversity. Therefore, it is necessary 

to evaluate new photochemical to obtain new therapeutic methods. The 

present study was conducted to evaluate the antiviral activity of Arnebia 

Euchroma (A. Euchroma) extract, amniotic membrane, a mixture of A. 

euchroma extract and amniotic membrane and its carrier (comprised of 

Sesam and ostrich oil) against three different viruses, including Herpes 

simplex virus type 1 (HSV-1), influenza A, and rotavirus in-vitro. 

Materials and Methods: A methyl thiazolyl tetrazolium (MTT) assay 

was performed to evaluate the cytotoxic effect of the above compounds 

on Vero, MDCK, and MA-104 cell lines. After the determination of non-

toxic concentrations, Tissue culture infection dose 50 (TCID50) test was 

performed to determine antiviral activity. 

Results: Among all the above-mentioned compounds, the combination of 

A. euchroma extract and amniotic membrane at the highest non-toxic 

concentration for the cells had the highest antiviral activity against all 

three viruses, leading to 1 log10 TCID50 reduction in influenza A and 

HSV-1 titers and 0.6 log10 TCID50 reductions in rotavirus titer when 

compared to the virus control. 

Conclusions: The combination of A. euchroma and amniotic membrane 

can be considered a new antiviral agent to treat viral infections. 
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Introduction 

In most parts of the world, medicinal plants are 

used to treat many infectious diseases [1]. It is 

estimated that about 80% of people living in 

developed countries rely on traditional 

treatments for primary health care [2]. Some of 

these herbs have been shown to accelerate the 

healing process of the wound or have shown 

antimicrobial, antifungal, or antiviral activity, 

while others have been useful in general wound 

healing [3]. The Arnebia euchroma (A. 

euchroma), an Abu Ghulsa or aerobic plant, is 

used to treat burn wounds. 

Studies have shown that the roots obtained 

from the species of the bivalve family, 

including the naphthoquinone, are rich in 

naphthoquinone [4]. These substances, as 

well as their derivatives (Alkannin) and 

alkanes, have intrinsic properties with a wide 

range of biological properties such as wound 

healing, antifungal [5-8], antiviral (such as 

influenza and HIV) [9, 10], and anti-cancer 

activities. Scientific research has also shown 

that this plant has antimicrobial and  

anti-inflammatory effects. Shikonin is the 

major active constituent among these 

naphthoquinones [11-14]. Shikonin and 

Shikonin derivatives have strong anti-tumor 

activities, can inhibit cell proliferation, and 

induce apoptosis in several human 

malignancies, such as gastric cancer [15]. 

Additionally, they have exhibited antiviral, 

antioxidation, anti-inflammatory, anti-

fertility, and other pharmacological effects 

and can also be used in food additives and 

cosmetics [16, 17]. 

The amniotic membrane (AM) is the  innermost 

layer of the placenta that has been successfully 

used in the surgical field in recent decades. 

Using amnion for treating foot ulcers and eye 

and ear surgery in recent years has opened a 

new window in medical science. The AM acts 

as a basement membrane, facilitating the 

migration of epithelial cells, enhancing 

adhesion to the basal epithelium, stimulating 

epithelial differentiation, and delaying 

epithelial apoptosis. The AM produces several 

growth factors stimulating the growth of 

epithelial cells [18]. On the other hand, it 

accelerates the differentiation of cells and 

prevents apoptosis. The basement membrane 

acts as a healthy substrate for epithelial growth. 

[19]. The AM secretes nutritional and defense 

factors that can resist the microorganisms [20]. 

In this regard, binding the wound bed with 

collagen to the AM leads to the development of 

traps for trapping bacteria on the wound's 

surface, and existing fibrin substances stimulate 

phagocytic activity. Through this mechanism, 

the AM reduces bacterial growth even in 

infected wounds [21]. Since the cost of burn 

treatment is high and routine treatments have 

side effects for patients, and on the other hand, 

people are now inclined to use naturally 

occurring medicines, research on the use of 

medicinal plants is also of interest due to the 

therapeutic effects of these herbs.  

Antiviral chemicals currently have significant 

disadvantages, such as high toxicity and 

adverse effects in humans, the emergence of 

drug-resistant viral strains, low numbers, and 
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limited diversity. Therefore, it is necessary to 

evaluate new phytochemicals to obtain new 

therapeutic methods. Accordingly, the present 

study was carried out to evaluate the antiviral 

activity of AE extract, AM, a mixture of A. 

euchroma extract and AM, and carrier (sesame 

and ostrich) against herpes simplex virus type 1 

(HSV-1), influenza A, and rotavirus in-vitro. 

Materials and Methods 

Preparation of A. euchroma extract  

10 g of A. euchroma root was carefully washed 

under running tap water, dried for two days at 

room temperature, then treated to a fine powder 

and stored in sealed containers. Extracts were 

prepared by soaking plant material in 150 mL 

EtOH 67% under sonication (combined in two 

separate containers, then every three times 

under low-intensity sonication) at room 

temperature [22]. The extract was filtered 

through Whatman No. 1 filter paper, and then 

the filtrates were pooled up successively and 

concentrated under vacuum by a Rotary 

evaporator (Buchi® Rotavap R-210). Then, it 

was powdered in a special mill and was used to 

mix dry extract into the 5 ml ointment (sesame 

and ostrich oil) and was stored at 37 ˚C for 73 

hours in a special tank in the dark. It is prepared 

at the above temperature for half an hour for 

consumption. The final product was sterilized 

by gamma irradiation kGy [23]. 

Preparation of AM 

Due to the contamination of the AM with 

vaginal microbial flora in vaginal delivery, in 

most cases, the cesarean section is a preferred 

method for the removal of the fetal 

membrane. In this regard, the cesarean 

section should be elective, and the gestation 

period should be complete. After selecting the 

donor, the patient's history should be 

carefully evaluated regarding high-risk 

sexual behaviors, including injectable drugs, 

tattooing, blood transfusions, and 

malignancies. All mothers with (AM) fluid 

should be tested for hepatitis C, B, and human 

immunodeficiency virus. Serologic tests were 

performed again to ensure the umbilical cord 

blood (AM) attached to hepatitis and acquired 

immunodeficiency syndrome, and syphilis. 

The (AM) was dried several times after 

washing with a normal solution of saline and 

sodium hypochlorite of 0.05% and after 

sterilization using radio imaging of the 

anamnesis of the Gamma-Ray tube (25 kGy). 

A careful examination needs to be  

performed by a responsible physician. Upon 

confirmation of the donor's eligibility, written 

consent will be obtained from the donor. 

After processing, the amnion is placed in 

special containers and stored at a controlled 

temperature of -80 ˚C. Frozen tissue was 

transferred into glass lyophilizer flasks and 

lyophilized before cry milling. To prepare 

(AM) extract, the experiments mentioned in 

the article have been used [24]. 

Cell culture and virus 

Vero, MDCK, and MA104 cell lines were 

used to propagate HSV-1, Influenza A, and 

rotavirus, respectively. Dulbecco's Modified 

Eagle's medium (DMEM) (Invitrogen, USA) 

medium containing 10% fetal bovine  

serum (FBS; Invitrogen, USA) and 1% 

penicillin/streptomycin (Bioidea, Iran) was 

used for cell culture.  
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Cellular cytotoxicity test 

MTT assay was used to determine the toxicity 

effect of compounds on Vero, MDCK, and 

MA-104 cells. In this method, Vero, MDCK, 

and MA104 cell suspension was prepared at a 

concentration of 1.5 × 105 cells/ml and was 

added to each well of 96-well microplates (SPL 

Life Science, South Korea) using 100 μl of this 

solution (this was done for each cell line 

separately). 96-well plates were incubated at  

37 ˚C for 24 hours to form a cellular monolayer 

at the bottom of each well. When a cellular 

monolayer was formed, the medium in each 

well was removed, and six different 

concentrations of four compounds were 

prepared and added to each well. From carrier, 

concentrations of 96.25, 48.125, 24.06, 12.03, 

6.015 and 3.00 μg / ml, from A. euchroma, 

concentrations of 144.15, 72.07, 36.038, 

18.018, 9.009 and 4.504 μg /ml, from the 

material AM + A. euchroma, concentrations of 

11.788, 5.894, 2.947, 1.473, 0.736, and 0.368 

μg /ml, and from AM, concentrations of 11.5, 

5.75, 2.875, 1.437, 0.718, and 0.359 μg /ml 

were prepared. Wells containing only DMEM 

medium were also considered as cellular 

controls. Plates were incubated at 37 ˚C for 48 

hours. Afterward, the media were removed, and 

the cells were washed twice with phosphate-

buffered saline (PBS, Bioidea, Iran). Then, 

100µl of RPMI without phenol red (Bioidea, 

Iran) was added to all wells, and then 10 µl of 

MTT solution (5 mg/ml) (Bioidea, Iran) was 

added. Plates were incubated again at 37 ˚C for 

3 hours. Then, the contents of each well were 

removed, and purple formazan crystals in the 

cells were dissolved by adding 50 μl of 

dimethyl sulfoxide (DMSO) (Bioidea, Iran). 

Plates were incubated for 10 minutes at 37 ˚C 

and placed on the shaker for 15 minutes. 

Finally, light absorption was read at 550 nm by 

enzyme-linked immunosorbent assay (ELISA) 

Reader (Hiperion MPR 4+, Germany) on each 

well. Cell viability was calculated for each 

compound concentration compared to the 

results obtained from cell control wells. 

Evaluation of antiviral activity by TCID50 

method 

Initially, monolayers of Vero, MDCK, and 

MA104 cells were prepared in 96-well plates 

(separately to investigate the antiviral effect of 

different compounds on Rota, Influenza A, and 

HSV-1 viruses). Then, the cells were washed 

once with PBS, and 100 μl of 100TCID50 virus 

suspension was added to all wells. Plates 

were incubated at 37 ˚C for one hour. Then, 

the plates were removed, and cells were 

washed three times with PBS to remove 

untreated viruses from wells. Then, 100 μl of 

the highest concentration of the four 

compounds in the non-toxic range was added 

to the wells. Wells were also considered as 

controls where DMEM medium was added 

with 2% FBS instead of suspension containing 

desired compounds. After the formation of 

cytopathic effects on the contents of each well, 

the TCID50 assay was performed. The Ethical 

Committee of Iran University of Medical 

Sciences, Tehran, Iran, where the study was 

conducted, approved the study design (approval 

number: 95-02-206-28800). This study was 

conducted by the principles of the Helsinki 

Declaration. 
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Statistical analysis 

All experiments were done in triplicate 

independently. To compare the means at 

different concentrations, the first one-way 

analysis of variance was used, and then if the 

result of the analysis of variance test was 

significant, the Dant test was used to compare 

the mean of different viral groups with virus 

control.  

Results 

Cytotoxicity test 

Toxicity test results showed that a 

concentration of 48.125 μg/ml of the carrier, a 

concentration of 36.038 μg/ml of A. euchroma, 

a concentration of 2.947 μg/ml of AM + A. 

euchroma, and a concentration of 1.437 μg/ml 

of AM could maintain up to 90% of cell 

viability on all three cell lines and therefore 

these concentrations have been used in 

subsequent antiviral tests. 

Determination of antiviral activity by 

TCID50 assay 

Antiviral activity against HSV-1 

Among four compounds, a mixture of AM + A. 

euchroma at the concentrations of 2.947 μg/ml 

could exert the highest antiviral activity against 

HSV-1 and led to 1 log10 TCID50 reduction in 

virus titer when compared to the virus control, 

respectively (p < 0.0001). Also, exposure to 

HSV-1 with A. euchroma (36.038 μg/ml) and 

AM (1.437 μg/ml) could be led to 0.6 and 0.3 

log10 TCID50 reductions in virus titer when 

compared to the virus control, respectively (p < 

0.0001) (Table 1, Figure 1).  

Antiviral activity against Influenza virus  

Similar to HSV-1, a mixture of AM + AE at the 

highest non-toxic concentration (2.947 μg/ml) 

showed the highest antiviral activity against the 

Influenza virus and led to 1 log10 TCID50 

reduction in virus titer when compared to the 

virus control, respectively (p < 0.0001). 

Likewise, exposure to Influenza virus with AE 

(36.038 μg/ml) and AM (1.437 μg/ml) could be 

led to 0.6 and 0.4 log10 TCID50 reductions in 

virus titer when compared to the virus control, 

respectively (p < 0.0001) (Table 2, Figure 2). 

Antiviral activity against rotavirus 

Regarding the rotavirus, the highest non-toxic 

concentration of a mixture of AM + AE (2.947 

μg/ml) exerted the highest antiviral activity, 

leading to 0.6 log10 TCID50 reductions in virus 

titer when compared to the virus control, 

respectively (p < 0.0001). Exposure of rotavirus 

with AM at the concentration of 1.437 μg/ml 

and AE at the concentration of 36.038 μg/ml 

could be led to 0.3 (p < 0.0001) and 0.2  

(p =0.002) log10 TCID50 reduction in virus 

titer when compared to the virus control, 

respectively (Table 3, Figure 3).  

 

Table 1. Antiviral effect of the studied compounds against HSV-1 by TCID50 assay 

Test Groups 
Concentration 

(µg/ml) 

Mean log10 

TCID50/ml 

The P-value for the 

difference with virus control 

Virus Control - 5.7333 - 

Carrier 48.125 5.7000 0.8 

A. euchroma 36.038 5.1333 <0.0001 

Amniotic + A. euchroma 2.947 4.7667 <0.0001 

Amniotic 1.437 5.4667 <0.0001 
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Table 2. Antiviral effect of the studied compounds against Influenza virus by TCID50 assay 

Test groups 
Concentration 

(µg/ml) 

Mean Log10 TCID50/ml 

Test 

The P-value for the 

difference with virus 

control 

Virus control - 4.7333 - 

Carrier 48.125 4.7000 0.9 

A. euchroma 36.038 4.1333 <0.001 

Amniotic + A. euchroma 2.947 3.7333 <0.001 

Amniotic 1.437 4.3000 <0.001 

 
Table 3. Antiviral effect of the studied compounds against Rotavirus by TCID50 assay 

Test Groups 
Concentration 

(µg/ml) 

Mean Log TCID50/ml 

Test 

The P-value for the 

difference with virus control 

Virus Control - 4.4667 - 

Carrier 48.125 4.4667 0.9 

A. euchroma 36.038 4.2333 0.002 

Amniotic + A. euchroma 2.947 3.8667 <0.0001 

Amniotic 1.437 4.1333 <0.0001 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Inhibitory effects of the four compounds on HSV-1 by TCID50 assay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Inhibitory effects of the four compounds on Influenza virus by TCID50 assay 
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Fig. 3. Inhibitory effects of the four compounds on Rotavirus by TCID50 assay 

Discussion 

Recently, the limited therapeutic effect of 

antiviral chemicals is considered a concern  

with high toxicity and side effects, as well as 

the emergence of drug resistance. In treating 

viral diseases, it should be noted that viruses 

proliferate cellularly, so new antiviral 

compounds must be capable of differentiating 

viral and host activity with a high point of 

specificity to minimize host cell damage. In this 

regard, the use of plants in recent years has 

received special attention. In most regions of 

the world, herbs are used to treat many 

infectious diseases, such as lemongrass extract, 

which is employed to treat influenza and HSV. 

It likewise receives an effective inhibitory 

effect against HSV.  

A. euchroma is considered an aerobic and 

herbaceous plant, which is utilized as one of the 

traditional plants in treating burn injuries. 

Surveys have proven that the roots of 

dicotyledonous species of the bivalve family 

are rich in naphthoquinone [25]. These 

substances, their derivatives (alkanes), and their 

alkanes have intrinsic properties with a wide 

range of biological properties such as wound 

healing [7, 26], antifungal [27], antiviral (such 

as influenza AIDS) [28, 29], and anti-cancer 

activities [11-13]. Research has also shown that 

this plant has antimicrobial [29] and anti-

inflammatory [13] effects. Therefore, the main 

focus of the present study was to evaluate the 

antiviral activity of the extract A. euchroma [23, 

30]. Initially, the toxicity of the extract, as 

described in the experimental section on Vero, 

MDCK, and MA-104 cells at 36.038 μg / ml, 

was determined to be non-toxic. However, it 

caused cell death at higher concentrations. 

AM can be used as a proliferative agent in 

wounds because they contain fibronectin, 

elastin, fibrinogen, collagen, elastin, and 

hyaluronic acid [31, 32]. It also produces B-

defensin, a large group of antimicrobial and 

antiviral peptides [33]. These peptides protect 

the epithelial surface against microbial 

colonization. Besides, Elafin and proteinase-

inhibiting leukocytes, both of which have 
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antimicrobial activity, are also secreted from 

the amniotic fluid. These agents protect the 

wound surface against HSV and varicella-

zoster [34, 35]. Kejargard (2001) concluded 

that the presence of cysteine E in (AM),  

which is an analog of cysteine protease 

inhibitors, has antiviral properties [34]. In a 

study, Tehrani et al. examined synthetic 

membranes' antibacterial (AM) effect on  

E-coli, Pseudomonas aeruginosa, and strains 

of Proteus mirabilis in vitro. They also 

examined the ratio of bacterial growth below 

the surface of embryonic membranes to 

amniotic secretions [36]. 

In the last century, with the advancement of 

virology and the discovery of the viral cause of 

many diseases, the need for research on 

antiviral therapy has become increasingly 

apparent, as antiviral chemical drugs, which 

have limited therapeutic, toxic, and side effects, 

are now available. Effects and emergence of 

drug resistance concerns have increased. Open 

chemotherapy against viruses always has 

interested researchers [37]. However, some 

limitations prevent the development of 

chemotherapy for viruses. Examples of these 

barriers are viruses that multiply within the cell. 

Thus, antiviral compounds are useful for 

distinguishing between viral and host activities 

with a high degree of specificity to differentiate 

the least damage to host cells. In recent studies 

to expand new therapeutic research for antiviral 

substances to reduce the unwanted side effects 

of resistant viruses, plants are given special 

attention [38, 39] as an example of herpes 

simplex virus type I infections, the most 

common infection. It is a virus that is more 

common in humans than any other virus. 

The primary infection occurs early in life, and 

gradually, the body produces antibodies against 

the virus. However, this antibody's production 

eventually leads to the removal of the virus [40, 

41], and the virus is hidden in the sensory 

ganglia that lead to hosts; the person carries the 

virus for a lifetime and sometimes causes an 

infection. It reappears in the person, and the 

carrier is active at the time of infection and 

easily transmits the virus through daily contact. 

Acyclovir, which acts on DNA polymerase to 

prevent virus replication, is the treatment of 

choice for herpes simplex. 

In current years, concerns about treatment with 

acyclovir due to the report of drug-resistant 

mutations, on the one hand, oral and injectable 

administration with several side effects, on the 

other hand, this drug only reduces the duration 

of the disease and the ability to prevent It does 

not transmit viral infections to others and 

prevents recurrence of infections. According to 

the above, we must try to find new ways to treat 

herpes infections. The results of the 

documentation of the use of AM in combination 

with antiviral drugs in treating some diseases 

allowed us to seriously pursue this research 

despite the limitations [42-44]. Double research 

is required to understand exactly how these 

combinations' mechanisms of synergistic 

effects work. This research shows that with 

additional tests, especially on animal and 

human models, we can have therapeutic 

interventions against infections caused by these 

viruses in various forms of medicine. 
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Given the satisfactory results of our 

experiments, but due to the research limitations, 

the subsequent in vivo steps must be carefully 

examined and additional diagnostic tests 

performed. Parts of the extract identified and 

isolated the effect of antiviral activity, but 

ultimately its effect on altering the synthesis of 

proteins and various viral agents must be 

determined. 

Considering the antimicrobial effect of A. 

euchroma and AM, it can be concluded that the 

Amniotic compound + A. euchroma has the 

greatest inhibitory effect on HSV-1, influenza 

A, and rotavirus. It probably has the greatest 

antiviral effect on the absorption or early  

stages of proliferation. This theory is reinforced 

by the presence of Shikonin and naphtho-

quinone in the plant. A. euchroma roots contain 

important chemical components such as 

naphthoquinones, Shikonin, alkanes, and their 

derivatives extracted with organic solvents. 

Shikonin is a naphthoquinone pigment that has 

been documented to study its antiviral 

properties [11, 17]. 

This study has several limitations. First, we 

could not determine the mechanism of antiviral 

activity of compounds, and more studies are 

needed to clarify this. The second limitation is 

that we examined compounds' cytotoxicity and 

antiviral activity on the animal cell lines, and 

future studies can perform on human cell lines.   

Conclusions 

The AM is the innermost adjacent to the 

amniotic fluid and the fetus. This membrane is 

rich in growth factors and has antimicrobial and 

antiviral properties, reducing infection, anti-

inflammatory properties, and pain. The unique 

properties of the AM have led to its widespread 

use in medicine, the exact mechanism of which 

is not yet known. The AM contains cystatin-E, 

an analog of cysteine proteinase inhibitors with 

antiviral properties. The efficacy of drug 

compounds resulting from the combination of 

two drugs with antiviral properties can 

synergistically alter the virus sensitivity to the 

drug and the effectiveness of the drug. 

Confirmation of such compounds' antimicrobial 

and antiviral properties certainly requires further 

studies. There is also a need to present the results 

of long-term animal and clinical studies. 
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