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Abstract: Chemical extract of Nerium oleander (NO) is identified as in vitro antibacterial and antifungal activities. 

However, there is no any study about antiviral effect of NO distillate (NOD). The aim of this study was to evaluate in vitro 

effects of NOD alone and combined with acyclovir on Parainfluenza-3 (PI-3) virus. Lyophilized NOD was dissolved at 

concentration of 10 mg/mL with distillated water and filtered. The thiazolyl blue test was used to evaluate the cytotoxic 

activity of the NOD, and acyclovir. NOD did not cause cytotoxicity against to MDBK cells up to 10 mg/mL concentrations 

while acyclovir did not cause cytotoxicity up to 0.97 µg/mL. NOD (10 mg/mL), acyclovir (0.97 µg/mL) and NOD + 

acyclovir were treated with 100 TCID50 diluted PI-3 in 96-well plates. Antiviral activity of NOD was statistically (P<0.05) 

different from NOD + acyclovir against PI-3. The most effective results obtained from using single of NOD (P<0.05) while 

acyclovir was not effective (P>0.05). In conclusion, it is referred that NOD has antiviral effect and it can be evaluated in 

the treatment of PI-3 in future.  
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1. Introduction 

Parainfluenza-3 (PI-3) virus causes the economically 

important infectious respiratory disease in cattle. The virus 

is an enveloped, single-stranded negative sense 

nonsegmented RNA virus within the Respirovirus genus of 

the family Paramyxoviridae [1] in the order 

Mononegavirales. It is considered to be associated with the 

bovine respiratory disease (BRD) complex, and it can 

predispose an animal to the development of severe 

secondary bacterial pneumonia [2, 3]. Nerium oleander 

(NO), a member of the Apocynaceae family, is an 

ornamental plant and widely exists in the tropic and 

subtropic regions including Mediterranean region. It is the 

only species currently classified in the genus Nerium. NO 

has a prolonged flowering period during the dry season [4-

7]. NO has includes cardiac glycosides [5] and the aqueous 

extract contains polysaccharides, some cardenolids and 

triterpenoids [8]. Although plant has toxic agents [9], it is 

used for anticancer [10, 11], antidepressant [4] and 

cardiotonic [12] purposes. In addition, chemical extract of 

NO has antimicrobial and antifungal activities [13, 14] on 

the contrary to distillate of NO [15]. Chemical extract of 

NO has no antiviral activity on the Autographa Californica 

Virus [16], while Rajbhandari et al [17] reported that 

chemical extract of NO has considerable antiviral activity 

against herpes simplex virus. Although antimicrobial 

effects of chemical extracts have been reported [13, 14, 17], 

it is highly toxic plant for mammals [9, 18], hence usage of 

chemical extracts of NO is not practical in the medicine. It 

has been reported that NO distillate (NOD) has beneficial 

effects in the type 2 diabetic rats [19] and oral 

administration of NOD has no toxic in the healthy rats [20]. 

In addition, NOD has no cytotoxicity in the MCF-7 breast 

cancer cell lines [21]. On the contrary to non-cytotoxic 

effect of NOD [20], chemical extract of NO has cytotoxic 

and mutagenic effects [22]. Acyclovir, 9- [(2-hydroxy 

ethoxy) methyl], guanine is an antiviral drug, synthetic 

guanosine analogue, and used for treating different viruses 

such as varicella zoster virus [23] and herpes simplex virus 

[24] infections.  

It has been hypothesized that the antiviral activity of NO 

[17] distillate without cytotoxic effect and non-toxic in rats 

[20] and may increase the effect of medical antivirals, 
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however, chemical extract of NO is cytotoxic, poisonous [9, 

25] and cannot be used in medical applications. The 

purpose of this study was to determine the antiviral 

activities of NOD, acyclovir, and combined usage on PI-3 

virus in Madin Darby Bovine Kidney (MDBK) cell lines in 

vitro. 

2. Material and Methods 

2.1. Preparation of Nerium Oleander, Nerium Oleander 

Distillate, and Acyclovir 

New shoots of NO plant was collected between March 

and September 2012 from Mediterranean region of Turkey. 

The plant was identified and authenticated at the 

Department of Biology, University of Selcuk. Collected 

plant was washed and shredded. Sufficient distilled water 

added and the mixture was heated in resistant container. 

When liquid started to evaporate, vapor was collected to 

other clean glass containers by cooling of the surface with 

cold water. Lyophilizator was used to lyophilization of 

NOD. Lyophilized NO distillates were dissolved at 

concentrations of 0.02, 0.04, 1, 2, 4, 8, 10, 12, 14, 16 and 

20 mg/mL in sterile distilled water [19] and sterilized by 

filtration (0.22 µm membrane filter). Acyclovir 

(Acycloguanosine ≥99 HPLC powder, Sigma A4669) was 

dissolved at concentrations of 500, 250, 125, 62.5, 31.25, 

15.62, 7.81, 3.90, 1.95, 0.97, 0.48 µg/mL in sterile distilled 

water by sterilizing with filtration (0.22 µm membrane 

filter). 

2.2. Cell Cultures and Virus 

MDBK monolayer cell lines and PI-3 (virus control, VC) 

used in this study were obtained from Department of 

Virology, Faculty of Veterinary Medicine, University of 

Selcuk. The cells were maintained as monolayers in 25 cm
2
 

plastic tissue culture flasks (Corning, USA) at 37°C in a 

humidified atmosphere containing 5% CO2 in air. 

Concentrate antibiotics and antifungals (Biological 

Industries, Israel) were utilized to eliminate the growth of 

bacteria and fungi. MDBK cell monolayers were grown in 

sterile Dulbecco’s Modified Eagle’s Medium (DMEM, 

Biological Industries, Israel) and 10% heat-inactivated fetal 

calf serum (FCS, Biological Industries, Israel), 10 mg/mL 

of streptomycin, 10000 U/mL penicillin, and nystatin 1250 

U/mL. The FBS in the medium represents a cocktail of 

most of the factors required for cell proliferation and 

maintenance. Exponentially growing cells were used in the 

experiments. 

2.3. Cytotoxicity of NOD and Acyclovir 

MDBK cells (250.000/mL) were exposed to eleven 

different concentrations of NOD (0.02, 0.04, 1, 2, 4, 8, 10, 

12, 14, 16 and 20 mg/mL), and acyclovir (500, 250, 125, 

62.5, 31.25, 15.62, 7.81, 3.90, 1.95, 0.97, 0.48 µg/mL). 

Rates of growth within 120 hours, the inhibitory 

concentration 50 (IC50) using linear regression analyses and 

the index of selectivity of each concentration were 

determined. 

2.4. Virus Titration 

Virus titration was performed as began [26] using 96 

well micro plate (Corning, USA) with 4 wells per dilution. 

The virus titer was estimated from cytopathogenicity of 

cells induced by viral infection and expressed as 50% tissue 

culture infectious dose/mL (TCID50/mL). 

2.5. MTT Assay 

The extent of the cell proliferation and cell viability was 

determined by thiazolyl blue test (MTT, 3-(4, 5-

Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) 

assay. MTT assay was employed as a cytotoxicity test. It 

was performed to study the antiproliferative effect of NOD 

using as described previously [27]. 100 µL containing 

2×10
5
 of cell suspension was placed briefly in each of 96-

well micro plates cells incubated at 37°C in 5% CO2 for 24 

h to attach. After attachment the medium was aspirated off 

carefully and cell cultures were treated with the NOD (50 

µL at concentrations of 0.02, 0.04, 1, 2, 4, 8, 10, 12, 14, 16, 

and 20 mg/mL), acyclovir (500, 250, 125, 62.5, 31.25, 

15.62, 7.81, 3.90, 1.95, 0.97, 0.48 µg/mL) for 24 h. The cell 

control contained the cell culture medium only. At the end 

of treatment media were removed from the wells and 20 µg 

of MTT (Cell proliferation Kit I, Germany) containing 

DMEM was added to each well. Cells were than incubated 

at 37°C for 4 h in a CO2 incubator (Thermo Scientific, 

USA). Spectrophotometric absorbance of the purple blue 

formazan dye was measured using an ELISA reader (Rayto 

RT-2100C, China) at 540 nm. Optical density (OD) of each 

sample was compared with control OD. At least two 

independent experiments were performed. 

2.6. Antiviral Activity of NOD, Acyclovir and NOD + 

Acyclovir 

Dilutions of NOD (10 mg/mL), acyclovir (0.97 µg/mL), 

and NOD + acyclovir were incubated with MDBK cells in 

96 wells micro plates for 24h at 37°C in 5% CO2 

atmosphere. After removal of the compound the cells were 

washed three times with sterile PBS (Sigma, USA) and 

seeded with 100 TCID50/0.1 mL of PI-3. Other wells were 

evaluated to cell control (CC), and virus control (VC). 

After treatments 50 µL MDBK cells (3x10
5
/mL) in DMEM 

supplemented with 10% FBS were seeded into well of 96-

well plates and cultured for 72 h at 37°C. All wells were 

observed for cytopathogenic effect (CPE) under inverted 

microscope on a daily basis. 

2.7. Statistical Analysis 

The OD absorbance values were compared by ANOVA 

and Duncan test as posthoc (SPSS 19.0). Data are presented 

as mean±SEM. P<0.05 level was accepted as statistically 

significance level. 
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3. Results 

3.1. Cytotoxicity of NOD and Acyclovir 

Higher concentrations than 10 mg/mL of NOD and 0.97 

µg/mL acyclovir had cytotoxic effects on MDBK cells. As 

a result 10 mg/mL concentration of NOD and 0.97 µg/mL 

acyclovir were used in the antiviral assays. No CPE was 

observed in NOD control, acyclovir control, and CC in 

MDBK cell lines after 24
th

, 48
th

 and 72
th

 hours; however 

CPE was identified in all of VC wells. 

3.2. Antiviral activities of NOD, Acyclovir, and NOD + 

Acyclovir 

OD of experiment groups are shown in Table 1. NOD 

showed more significant (P<0.05) antiviral activity than 

acyclovir against PI-3 in vitro. Infected MDBK cells 

treated with NOD (10 mg/mL) and NOD + acyclovir did 

not show any detectable CPE when compared to VC wells. 

In addition, acyclovir (0.97 µg/mL) had lower antiviral 

effect against PI-3 in MDBK cells. 

Table 1. OD Results of experiment groups. 

 N Mean±SEM 

Cell control 8 1.302±0.0787a 

Virus control 8 0.699±0.0452d 

Nerium oleander distillate 16 1.062±0.0490b 

Acyclovir 16 0.815±0.0236cd 

NOD +Acyclovir 16 0.900±0.0541c 

a, b, c, d: values marked with different letters in the same line are statistically 

significant (P<0.05, Duncan test).  

4. Discussion 

Nerium oleander widely present in the Mediterranean 

region. Although some beneficial effects including 

anticancer [10, 11] activities of NO extracts have been 

reported, its highly toxic effects [9, 18] restrict in the 

clinical usage. However, distillate of NO has no toxic effect 

in the rats [19, 20] and has no cytotoxicity [21]. 

In the current research, NOD had notably (P<0.05) 

antiviral activity against to PI-3, whereas acyclovir less 

(P>0.05) antiviral activity (Table 1). Although many 

research exits its antibacterial and antifungal activities [13-

15], there are very limited data that antiviral effect of NO 

[16, 17]. It has been reported that extract of NO has 

antiviral activity against herpes simplex virus [17], while it 

has no antiviral activity on the Autographa Californica 

nuclear polyhedrosis virus [16]. These results may indicate 

that extract and distillate of plants show different effect of 

the virus. In the present study, acyclovir had less (P>0.05) 

antiviral activity, whereas NOD + acyclovir combination 

had more (P<0.05) antiviral activity against to PI-3 (Table 

1). Usage of acyclovir is not accepted as basic drug in the 

treatment of PI-3 caused infections [28]. Antiviral activity 

of NOD + acyclovir may be depend on directly NOD in 

this study.  

In the current research, NOD caused cytotoxicity effect 

at higher concentrations than 10 µg/mL level. There is lack 

of literature information about the effects of NO extracts 

and distillate on cells, in vitro. NO has cytotoxic and 

anticancer activities [25, 29, 30] and studies explain the 

relation between cytotoxic/anticancer effects and Pgp [11]. 

In other studies, NO extract caused cytotoxicity and 

mutagenicity [22] and NO leaves caused cardiomycocytes 

degeneration, renal necrosis in goats [31] and death in 

cattle [9]. On the contrary to these studies, oral 

administration of NOD has no cytotoxic effect in rats [20] 

and NOD has no cytotoxic effects on MCF-7 breast cancer 

cell lines [21]. These results indicate that NOD can be toxic 

only at higher concentrations in mammals, and distillate of 

NO is more safely than extracts. 

In conclusion, NOD may be used as an antiviral against 

to PI-3 but further studies of the antiviral activity of NOD 

associated with the different virus types are necessary about 

in vitro effects of NOD. However, NOD should test 

different methods and may provide useful comparative 

information in the future. 
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