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Background: Non-ionic surfactant, Tween-80 (TW80) is commonly used for drug delivery 
due to its effect on the cell membrane permeation. The change in permeability can also increase 
viral infectivity in cells. This study was undertaken to improve upon Newcastle disease virus 
(NDV) titer cultivated with embryonic chicken eggs. 

Methods: The toxicity of TW80 was investigated against chicken embryos at varying 
concentrations, and changes in the morphology and weights of the heart, liver, and spleen 
of 4-day old chicken embryos were analyzed. Also, the effect of non-toxic concentrations of 
TW80 was examined on the infectivity of NDV. The virus was titrated in the allantoic fluid, 
using a 50% embryo infectious dose (EID50). 

Results: At high concentrations of TW80, hemorrhage-induced mortality was observed in 
embryos at the early stages of incubation. The embryos’ viability was not affected at low TW80 
concentrations, indicating that its toxicity to the chicken embryos was dose-dependent. The 
infectivity titer of NDV was increased in the presence of TW80 compared to those inoculated 
with NDV only. 

Conclusion: The data suggest that TW80 is toxic to chicken embryos at high concentrations, 
but it enhances cell membrane permeability for NDV particles at low concentrations without 
affecting the embryos’ viability.
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Introduction

irus entry is considered the most impor-
tant step in enhancing the viral titer for 
use in vaccine production. Therefore, 
enhanced virus entry into cells is the 
prerequisite to improvement in viral 

replication and achieving effective yields. The non-
ionic surfactant polyoxyethylene sorbitan mono-oleate 
(Tween-80; TW80) interferes with the permeability 
of cell membranes for viruses at low concentrations. 

This is achieved by enhancing the number and size of 
the viral plaques before the virus is adsorbed [1], e.g., 
vesicular stomatitis virus, L-132 as observed in human 
cell culture. Similarly, transient changes in the surface 
morphology of porcine kidney-15 (PK-15) cells against 
infection with porcine circovirus-2 have been observed 
in cells treated with Tween-20 [2]. The growth and lipid 
accumulation of Thraustochytrium aureum have been 
significantly enhanced after the addition of TW80 to the 
culture media [3]. This surfactant may enhance the up-
take of nutrients into the fungal cell bodies, due to a rise 
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in the permeability of the cell membrane [3]. Further, the 
TW80 stimulates biotin uptake into the Lactobacillus 
plantarum cells by interfering with the cell membrane 
permeability [4]. It has also been found that TW80 in-
creases the water content and porosity of the flat sheet 
polyethersulfone membrane, thus enhancing the water 
permeability into the plasma membrane [5]. All of these 
studies have suggested that nonionic surfactants which 
are commonly used to solubilize membrane proteins in-
crease the cell membrane permeability through altering 
its physical properties.

In poultry industry, the respiratory Newcastle disease 
is considered a threat to eggs’ quality due to its high 
morbidity and mortality effects on the growth rate [6, 
7]. The conventional ND vaccines are produced by the 
inoculation of ND virus (NDV) into the allantoic cavity 
of embryonated chickens’ eggs, that are called “specific 
pathogen free” (SPF) [8]. The efficient replication and 
production of large amounts of NDVs are promoted by 
binding the virus to the sialic acid receptors on the sur-
face of the cells’ membrane [6, 7]. The viral entry is me-
diated by two viral transmembrane glycoproteins, hem-
agglutinin-neuraminidase (HN) and fusion proteins. The 
HN protein recognizes and binds to the glycan receptors, 
thus promoting membrane fusion process by the fusion 
protein in a pH-independent manner [9]. The viral entry 
may also occur through caveolae-dependent endocytosis 
associated with low-pH-dependent activation of the vi-
ral fusion protein. After fusion, the viral nucleocapsid is 
inserted into the cytoplasm leading to the production of 
NDV progeny [10].

This study investigated the toxicity of TW80 on the de-
velopment of the internal organs in embryonated chicken 
eggs, the information about which was nonexistent pre-
viously. We also explored if TW80 influenced the NDV 
entry into the embryos and the subsequent infection.

Materials & Methods

Evaluation of embryotoxicity of TW80: Tween-80 
(Sigma-Aldrich; Hamburg, Germany) was diluted in 
PBS at pH 7.2 to obtain the 0.01, 0.02, 0.1, 0.2, 0.5, 
1.0, or 2.0% final concentrations. Fertilized SPF eggs 
(n=80; 55±0.8g each) were obtained from Razi In-
stitute (Karaj, Iran) and were randomly divided into 
eight groups of ten each. A 0.1 ml of each of the above 
TW80 concentrations was injected into the yolk sac 
of the 4-day-old embryonated SPF eggs. The eggs in 
the placebo group (controls) were injected with PBS 
alone. The TW80 toxicity was assayed on day 4 of 
the egg development because the embryos had grown 

through the first critical period of organogenesis, when 
the chance of viability is enhanced. Eggs were then 
sealed and incubated at 37°C and 70% humidity. The 
eggs were checked daily by candling and the mortality 
during the experimental period was recorded. After 17 
days of TW80 inoculation, the eggs were cracked open 
and changes in the embryonic morphology were evalu-
ated and scored based on Hamburger-Hamilton method 
[11]. The heart, liver, and spleen of the live embryos 
were also dissected, examined carefully, and weighed. 

Determination of cholesterol in chicken embryos: 
The TW80-treated embryos were homogenized and sub-
jected to lipid extraction, using Bligh and Dyer method 
[12]. Briefly, chloroform and methanol (3:1 v/v) was 
added to the aliquot, mixed vigorously and centrifuged 
at 1000G for five minutes. The lower phase was washed 
twice with water and methanol (1:1 v/v). The solvents 
were evaporated and dissolved in 50 μl isopropanol. The 
concentrations of total cholesterol in the lipid samples 
extracted from embryos were determined, using an ana-
lytical kit (Pars Azmun Co., Tehran, Iran) according to 
the manufacturer’s protocol.

Replication of NDV in embryonated chicken eggs 
treated with TW80: A series of ten-fold dilutions of 
Clone12-IR strain of NDV [13], 10-6 through 10-10 was 
made by serially mixing 0.5 ml of the virus with 4.5 ml 
of sterile PBS at pH 7.2. The 9-day-old embryonated 
SPF eggs were inoculated with each 10-6-10-10 dilution of 
NDV. The same procedure was performed by co-inocu-
lation of the NDV dilutions and 0.01% of TW80. This 
was the best concentration of the surfactant that did not 
affect the embryos’ viability. After incubation for seven 
days at 37°C, the allantoic fluids of the eggs were care-
fully harvested and analyzed for the haemagglutinin ac-
tivity [14]. The infectivity titer of NDV was calculated 
by Spearman-Karber method, and expressed as 50% 
embryo infectious dose (EID50) [15].

Statistical analyses: The data analyses were carried 
out on SPSS software, using 1-way analysis of variance 
(ANOVA). Differences among the groups were deter-
mined by Tukey’s test and the values were considered 
significant at P<0.05. 

Results

The TW80 at 1.0 and 2.0% concentrations caused high 
mortality in embryos. The mortality rate declined pro-
gressively after treatment with the lower concentrations 
of TW80 (0.5% through to 0.1%), and the embryos’ vi-
ability was maintained (Figure 1). The toxicity effects of 
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TW80 versus the viability of the chicken embryos were 
dose-dependent at varying TW80 concentrations. These 
effects were observed at the early stages of embryos de-
velopment.

Upon macroscopic examinations, all of the embryos 
treated with TW80 at low concentrations had developed 
normally (Figure 2). The embryo developmental dura-
tion was affected by the high concentrations of TW80 
compared to those treated at low doses. As seen in Fig-
ure 1, TW80 at 0.1-0.5% did not cause significant mor-
talities in embryos up to 12-13 days post incubation. At 
this time, the embryos had developed to stages 42-43, 
based on the Hamburger-Hamilton scale, showing insuf-
ficient growth and a large amount of hemolysis as com-

pared to those in the placebo group (Figure 2). Further-
more, no morphological changes were observed in the 
eggs treated with TW80 at 0.01% and 0.02% compared 
to those in the untreated group.

At the end of incubation period i.e., Hamburger-Ham-
ilton stage 46, all of the embryos treated with TW80 at 
0.01% and 0.02% were fully developed. The yolk sacs 
were partially enclosed by the body cavity in the live em-
bryos, showing insufficient growth. The weights of the 
heart, liver, and spleen of the embryos were compared 
with those in the placebo group and no significant differ-
ences were observed (Table 1). To investigate the effect 
of TW80 treatment on the cholesterol depletion, the total 
lipids were extracted from the embryos. The cholesterol 

Figure 1. Chicken embryo toxicity patterns of Tween 80

Figure 2. Growth abnormality of chicken embryos treated with Tween 80 (bottom row) compared to the placebo group (top row)
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levels were measured enzymatically on a spectropho-
tometer at 546 nm. The cholesterol was depleted in em-
bryos treated with TW80 at high concentrations (Figure 
3). The cholesterol levels (mg/dL) in the treated embryos 
with TW80 at 0.01% to 2.0% concentration ranged from 
148+3.8 to 52.8+2.3 mg/dL as compared to that in the 
untreated group (161+3.7 mg/dL) (Figure 3). Also, the 
analysis of the various concentrations of TW80 inverse-
ly correlated with the embryonic viability and the extent 
of cholesterol depletion (P<0.05).

To determine the potential effect of TW80 on the NDV 
replication rate in the embryonated eggs, TW80 at 0.01% 
concentration was used. The activity was measured 
in terms of the difference in the virus titer among the 
groups infected with NDV with or without a prior TW80 
treatment. The infectivity titer of NDV was reached up 
from 109.8 EID50 in the absence of TW80 to 1010.17 EID50 
in its presence.

Discussion

The glycoproteins on the surface of enveloped virus-
es influence the production of neutralizing antibodies 
against pathogens. The quantity and quality of the an-
tigens are critical to vaccine production [16]. Over the 
past decades, the production of ND vaccines has relied 
on the use of embryonated chicken eggs [14]. The in-
creased virus replication that leads to the enhanced vi-
ral titer may potentially promote this process. In recent 
years, more attention has been paid to improving the 
viral titer in antigen production for vaccines by adding 
various surfactants. In cell culture, cytotoxicity is char-
acterized by increases in osmotic phenomena, destruc-
tion of the cellular membrane, induction of membrane 
damage and hemolysis, which are the inherent effects of 
the applied surfactants [15, 16]. However, assessing the 
effect of nonionic substrates on increased viral titer in 
chicken embryos faces limitations. To our knowledge, 
the embryotoxicity of TW80 and the effects on NDV 
replication have not been described before this study.

Figure 3. Depletion in cholesterol content of chicken embryos treated with varying concentrations of Tween 80

Table 1. The mean weights of chicken embryos’ internal organs after treatment with varying concentrations of Tween 80

Treated Embryo Group Heart (g) Liver (g) Spleen (g)

Control (PBS) 0.51±0.06 1.54±0.16 0.04±0.01

TW 0.01% 0.51±0.08 1.58±0.21 0.03±0.01

TW 0.02% 0.49±0.04 1.47±0.14 0.03±0.01

TW 0.1% 0.46±0.03 1.39±0.17 0.04±0.01

TW 0.2% 0.48±0.03 1.42±0.22 0.02±0.01

TW 0.5% 0.46±0.12 1.30±0.22 0.02±0.08
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We determined the toxicity of TW80 at varying con-
centrations on chicken embryos by injecting it into the 
embryonated eggs on the 4th day of development. The 
application of TW80 at the concentration range from 
0.5% to 2.0% exerted considerable cytotoxic effects on 
the embryos. Of note, TW80 was non-toxic at 0.01% 
and 0.02% concentrations, and all of the treated embryos 
survived 17 days post treatment. The adverse effects of 
TW80 at high concentrations on the embryos viabil-
ity was evident 1-2 days post treatment. The reduced 
growth of chicken embryos and hemolysis were the ma-
jor pathological abnormalities observed in the eggs treat-
ed with TW80 at 0.5% concentration. On day 9 of the 
embryos development, the chorio-allantoic membrane 
and the blood vasculature had fully developed. At this 
time, we inoculated a mixture of NDV and TW80 into 
the allantoic cavity of the fertilized eggs, based on the 
hypothesis that TW80 would interact with the erythro-
cyte plasma membrane and alter its molecular structure, 
leading to colloid-osmotic swelling of the erythrocytes 
and ultimately to cellular rupture. 

The hemolytic property of TW80 is attributed to its two 
chemical components: a) polyoxyethylene sorbitan dio-
leate, and b) polyoxyethylene iso-sorbide mono-oleate, 
but not the entire molecule [17]. Following the adsorp-
tion of a nonionic surfactant to the plasma membrane, 
the permeability is increased due to interactions between 
the surfactant and the phospholipids in the bilayer mem-
brane and micelles formation [18, 19]. Because of these 
events, the physical property of the cell membrane is al-
tered [19-21] and the interactions between the surfactant 
and the membrane’s complexes is terminated. Our re-
sults suggest that the embryos cell membranes are more 
permeable to hemoglobin at high TW80 concentrations 
and the osmotic lysis of erythrocytes is highly dependent 
on the surfactant concentration.

Further, we demonstrated that TW80 at 0.01% concen-
tration increased the NDV replication in the embryos. 
At this concentration, TW80 increased the viral entry 
through the embryos’ membranes as compared to the 
group that was treated with NDV only. The NVD life 
cycle is a multi-step process, involving various virus-
host interactions [20, 21]. It is well established that the 
binding of viral HN to the host cell surfaces involves 
negatively charged glycans receptors and cleavage of 
fusion glycoprotein precursor by factor X. This triggers 
the viral entry and its replication in the respiratory tract 
of the egg [22-24]. The fusion of the virus with the cell 
membrane involves specific interactions between the 
HN and fusion glycoproteins [25]. The NDV may also 

penetrate the cells by caveolae/lipid raft endocytosis, 
which is used by some enveloped viruses [10].

The viral envelope is derived from the host cell mem-
brane and contains the HN and fusion glycoproteins 
with intrinsic affinity for the lipid rafts [24]. The inter-
action between the cytoplasmic tails of the proteins and 
membrane rafts provides a basis for the virus life cycle, 
such as fusion, assembly and budding of progeny virions 
[26]. The localization of the HN and fusion oligomers 
into rafts is critical to membrane fusion, which occurs 
either with the plasma or the endosomal membranes. 
Therefore, both lipid rafts and the glycoproteins co-
operate toward the viral entry. Lipid rafts facilitate the 
proper formation of the NDV’s HN and fusion glyco-
proteins complexes required for virus-cell membrane 
fusion in a cholesterol-dependent process [27, 28]. The 
amount of membrane cholesterol, as a critical structural 
component, is important to establishing the NDV infec-
tion [26, 27]. The involvement of membrane lipid rafts 
and cellular cholesterol has also been demonstrated in 
the assembly, budding and egress of NDV, in addition 
to signal transduction and the regulation of cell adhesion 
molecules [29]. 

On the other hand, the lipid rafts in both cellular mem-
brane and viral envelope play an important role in the 
regulation of early signal transduction in NDV infection. 
The conformational changes and refolding events in fu-
sion protein promote the adsorption of the virus with the 
cell membranes, and formation of a pore for the deliv-
ery of viral genome [30, 31]. Fusion with or penetra-
tion through the cell membranes may involve HN and 
fusion glycoproteins complex and the rearrangements 
of membrane lipid rafts. Thus, the concentration of the 
viral surface glycoproteins in the rafts provides for effi-
cient fusion, which mediates the penetration of the cel-
lular membrane and leads to the viral proteins transport 
into the cytoplasm. The integrity of cholesterol-rich lipid 
rafts in the membrane is critical to the virus entry and 
both the assembly and release of the viral particles from 
the infected cells [27, 32]. 

In this study, we first confirmed the significance of 
TW80 concentration on the depletion of cholesterol in 
chicken embryos (P<0.05). The decline in the cholester-
ol content disrupted the membrane lipid raft and changed 
the embryos’ morphology. Within the cell membrane, 
cholesterol assists in the formation of other lipids [24]. 
The entry of enveloped viruses into cells occurs via a 
raft-dependent process, by either caveolae- or clathrin-
dependent endocytosis. Our results showed that deple-
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tion of cholesterol by TW80 treatment facilitated NDV 
endocytosis and increased its replication and infectivity.

Due to the ample replication of NDV in the eggs treat-
ed with TW80, it may be suggested that the surfactant 
did not have a direct effect on the surface glycan re-
ceptors and folding or re-folding of the fusion protein. 
The chorio-allantoic and amniotic cells of embryonated 
chicken eggs have abundant sialic acid compounds [33]. 
The binding of NDV to the sialic acids allows its entry 
the subsequent replication [8]. Thus, our results imply 
that the differences in NDV titers between TW80-treated 
and untreated embryos could be due to the effect of the 
surfactant on the viral entry.

The allantoic cavity of the embryos is a widely used 
substrate for viral replications [12, 13]. As mentioned 
earlier, NDV utilizes the lipid raft domains to enter the 
host cells during the initial stages and the subsequent rep-
lications [26-28]. After the incorporation of the surfac-
tant molecules in the lipid bilayer most lipid–lipid and/or 
lipid-protein interactions result in the formation of trans-
bilayer pores [34, 35]. The induced penetration may be 
due to the compatibility of the hydrophobic tails with the 
lipids and surfactants. A surfactant such as TW80 with 
lower hemolytic and toxicity effects than other Tweens 
may also have a low destructive effect. Cholesterol has 
an integral role in maintaining the structure and function 
of membrane lipid rafts. Thus, the down-regulation of 
cholesterol biosynthesis by TW80 alters the permeabil-
ity of the cell membrane. This event leads to a rise in the 
NDV titer inoculated into the embryos followed by a rise 
in the membrane permeability. 

Conclusions

This study investigated the toxicity of various con-
centrations of TW80 against chicken embryos and the 
impact on infectivity of the cells by NDV. Our data in-
dicated that TW80 is toxic to chicken embryos at high 
concentrations. Evaluating the NDV titers provided evi-
dence that, at low concentrations, TW80 enhanced the 
membrane permeability that is required for improving 
the virus titer without affecting the embryos’ viability. 
Our findings from the NDV titration with and without 
a TW80 treatment indicated that this surfactant acceler-
ated the virus replication. Further research is required to 
elucidate the mechanism of actions involved in the viral 
entry and replication.

Ethical Considerations

Compliance with ethical guidelines

All ethical principles are considered in this article. The par-
ticipants were informed about the purpose of the research and 
its implementation stages; they were also assured about the 
confidentiality of their information; moreover, they were free 
to leave the study whenever they wished, and if desired, the 
research results would be available to them.

Funding

This study was supported by Razi Vaccine & Serum 
Research Institute (Grant Number: 2-18-18-92129). 

Author's contributions

All authors were equally contributed in preparing this article.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgements

The authors would like to gratitude the deputy of SPF 
Chicken Eggs Production Department at Razi Vaccine 
and Serum Research Institute. 

References

[1] Blalock Je, Gifford Ge. Effect of “Aquasol A”, vitamin A, and 
“Tween 80” on vesicular stomatitis virus plaque formation 
and on interferon action. Arch Gesamte Virusforsch. 1974; 
45(1-2):161-4. [DOI:10.1007/BF01240557] [PMID]

[2] Sun B, Yu S, Zhao D, Guo S, wang X, Zhao K. Polysaccha-
rides as vaccine adjuvants. Vaccine. 2018; 36(35):5226-34. 
[DOI:10.1016/j.vaccine.2018.07.040] [PMID]

[3] Taoka Y, Nagano N, Okita Y, Izumida H, Sugimoto S, 
Hayashi M. Effect of Tween 80 on the growth, lipid accu-
mulation and fatty acid composition of Thraustochytrium 
aureum ATCC 34304. J Biosci Bioeng. 2011; 111(4):420-4. 
[DOI:10.1016/j.jbiosc.2010.12.010] [PMID]

[4] Ogunbanwo ST, Sanni AI, Onilude AA. Characterization 
of bacteriocin produced by Lactobacillus plantarum F1 and 
Lactobacillus brevis OG1. Afr J Biotechnol. 2003; 2(8):219-27. 
[DOI:10.5897/AJB2003.000-1045]

[5] Amirilargani M, Saljoughi E, Mohammadi T. Effects of 
Tween 80 concentration as a surfactant additive on morphol-
ogy and permeability of flat sheet polyethersulfone (PES) 
membranes. Desalination. 2009; 249(2):837-42. [DOI:10.1016/j.
desal.2009.01.041]

Shahsavandi S. et al. Toxicity Effect on Newcastle Disease. Iran J Toxicol. 2020; 14(4):229-236.

October 2020, Volume 14, Number 4

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1007/BF01240557
https://www.ncbi.nlm.nih.gov/pubmed/4369949
https://doi.org/10.1016/j.vaccine.2018.07.040
https://www.ncbi.nlm.nih.gov/pubmed/30057282
https://doi.org/10.1016/j.jbiosc.2010.12.010
https://www.ncbi.nlm.nih.gov/pubmed/21216665
https://doi.org/10.5897/AJB2003.000-1045
https://doi.org/10.1016/j.desal.2009.01.041
https://doi.org/10.1016/j.desal.2009.01.041


235

[6] Alexander DJ. Newcastle disease. Brussels: Springer Sci-
ence & Business Media; 1988. https://books.google.com/
books?id=64v7zyczLD4C&dq

[7] Villar E, Barroso IM. Role of sialic acid-containing molecules 
in paramyxovirus entry into the host cell: A minireview. Gly-
coconj J. 2006; 23(1-2):5-17. [DOI:10.1007/s10719-006-5433-0] 
[PMID]

[8] Gallili GE, Ben-Nathan D. Newcastle disease vaccines. 
Biotechnol Adv. 1998; 16(2):343-66. [DOI:10.1016/S0734-
9750(97)00081-5]

[9] Sánchez-Felipe L, Villar E, Muñoz-Barroso I. Entry of New-
castle Disease Virus into the host cell: Role of acidic pH and 
endocytosis. Biochim Biophys Acta. 2014; 1838(1 Pt B):300-9. 
[DOI:10.1016/j.bbamem.2013.08.008] [PMID] [PMCID]

[10] Cantin C, Holguera J, Ferreira L, Villar E, Muñoz-Barroso I. 
Newcastle disease virus may enter cells by caveolae-mediated 
endocytosis. J Gen Virol. 2007; 88(Pt 2):559-69. [DOI:10.1099/
vir.0.82150-0] [PMID]

[11] Hamburger V, Hamilton HL. A series of normal stages 
in the development of the chick embryo. J Morphol. 1951; 
88(1):49-92. [DOI:10.1002/jmor.1050880104] [PMID]

[12] Bligh EG, Dyer WJ. A rapid method of total lipid extraction 
and purification. Can J Biochem Physiol. 1959; 37(8):911-7. 
[DOI:10.1139/o59-099] [PMID]

[13] Ebrahimi MM, Shahsavandi S, Famil-Ghadakchi H, Ma-
soudi S, Ghodsian N, Ebrahimi SR, et al. Clone purification, 
characterization, and standardization of lasota strain for de-
veloping a live vaccine against newcastle disease virus. Ira-
nian J Virol. 2014; 8(4):12-9. [DOI:10.21859/isv.8.4.12]

[14] Office international des epizooties (OIE). Newsatle dis-
ease. Manual of diagnostic tests and vaccines for terrestrial 
animals. Chapter 23, 2012:576-89. http://www.oie.int/en/
scientific-expertise/reference-laboratories.

[15] Hamilton MA, Russo RC, Thurston RV. Trimmed Spear-
man-Karber method for estimating median lethal concen-
trations in toxicity bioassays. Environ Sci Technol. 1977; 
11(7):714-9. [DOI:10.1021/es60130a004]

[16] Kapczynski DR, Afonso CL, Miller PJ. Immune responses 
of poultry to Newcastle disease virus. Dev Comp Immunol. 
2013; 41(3):447-53. [DOI:10.1016/j.dci.2013.04.012] [PMID]

[17] Zhang R, Wang Y, Tan L, Zhang HY, Yang M. Analysis of 
polysorbate 80 and its related compounds by RP-HPLC with 
ELSD and MS detection. J Chromatogr Sci. 2012; 50(7):598-
607. [DOI:10.1093/chromsci/bms035] [PMID]

[18] Almgren M. Mixed micelles and other structures in the 
solubilization of bilayer lipid membranes by surfactants. 
Biochim Biophys Acta Biomembr. 2000; 1508(1-2):146-63. 
[DOI:10.1016/S0005-2736(00)00309-6]

[19] Simoes SI, Tapadas JM, Marques CM, Cruz MEM, Martins 
MBF, Cevc G. Permeabilisation and solubilisation of soybean 
phosphatidylcholine bilayer vesicles, as membrane models, 
by polysorbate, Tween 80. Eur J Pharm Sci. 2005; 26(3-4):307-
17. [DOI:10.1016/j.ejps.2005.07.002] [PMID]

[20] Nazari M, Kurdi M, Heerklotz H. Classifying surfactants 
with respect to their effect on lipid membrane order. Bio-
phys J. 2012; 102(3):498-506. [DOI:10.1016/j.bpj.2011.12.029] 
[PMID] [PMCID]

[21] Chen Y, Qiao F, Fan Y, Han Y, Wang, Y. Interactions of cati-
onic/anionic mixed surfactant aggregates with phospholipid 
vesicles and their skin penetration ability. Langmuir. 2017; 
33(11):2760-9. [DOI:10.1021/acs.langmuir.6b04093] [PMID]

[22] Panda A, Huang Z, Elankumaran S, Rockemann DD, Sa-
mal SK. Role of fusion protein cleavage site in the virulence 
of Newcastle disease virus. Microb Pathog. 2004; 36(1):1-10. 
[DOI:10.1016/j.micpath.2003.07.003] [PMID] [PMCID]

[23] Gravel KA, Morrison TG. Interacting domains of the HN 
and F proteins of Newcastle disease virus. J Virol. 2003; 
77(20):11040-9. [DOI:10.1128/JVI.77.20.11040-11049.2003] 
[PMID] [PMCID]

[24] Gotoh B, Yamauchi F, Ogasawara T, Nagai Y. Isolation of 
factor Xa from chick embryo as the amniotic endoprotease 
responsible for paramyxovirus activation. FEBS Lett. 1992; 
296(3):274-8. [DOI:10.1016/0014-5793(92)80303-X]

[25] Stone-Hulslander J, Morrison TG. Detection of an inter-
action between the HN and F proteins in Newcastle disease 
virus-infected cells. J Virol. 1997; 71(9):6287-95. [DOI:10.1128/
JVI.71.9.6287-6295.1997] [PMID] [PMCID]

[26] Suomalainen M. Lipid rafts and assembly of enveloped 
viruses. Traffic. 2002; 3(10):705-9. [DOI:10.1034/j.1600-
0854.2002.31002.x] [PMID]

[27] Laliberte JP, McGinnes LW, Peeples ME, Morrison TG. et 
al. Integrity of membrane lipid rafts is necessary for the or-
dered assembly and release of infectious Newcastle disease 
virus particles. J Virol. 2006; 80(21):10652-62. [DOI:10.1128/
JVI.01183-06] [PMID] [PMCID]

[28] Dolganiuc V, McGinnes L, Luna EJ, Morrison TG. Role 
of the cytoplasmic domain of the Newcastle disease virus 
fusion protein in association with lipid rafts. J Virol. 2003; 
77(24):12968-79. [DOI:10.1128/JVI.77.24.12968-12979.2003] 
[PMID] [PMCID]

[29] Laliberte JP, McGinnes LW, Morrison TG. Incorporation 
of functional HN-F glycoprotein-containing complexes into 
Newcastle disease virus is dependent on cholesterol and 
membrane lipid raft integrity. J Virol. 2007; 81(19):10636-48. 
[DOI:10.1128/JVI.01119-07] [PMID] [PMCID]

[30] Connolly SA, Leser GP, Yin HS, Jardetzky TS, Lamb RA. 
Refolding of a paramyxovirus F protein from prefusion to 
postfusion conformations observed by liposome binding 
and electron microscopy. Proc Natl Acad Sci U S A. 2006; 
103(47):17903-8. [DOI:10.1073/pnas.0608678103] [PMID] 
[PMCID]

[31] Swanson K, Wen X, Leser GP, Paterson RG, Lamb RA, Jar-
detzky TS. Structure of the Newcastle disease virus F protein 
in the post-fusion conformation. Virology. 2010; 402(2):372-9. 
[DOI:10.1016/j.virol.2010.03.050] [PMID] [PMCID]

[32] Chazal N, Gerlier D. Virus entry, assembly, budding, and 
membrane rafts. Microbiol Mol Biol Rev. 2003; 67(2):226-37. 
[DOI:10.1128/MMBR.67.2.226-237.2003] [PMID] [PMCID]

[33] Sriwilaijaroen N, Kondo S, Yagi H, Wilairat P, Hiramatsu 
H, Ito M, et al. Analysis of N-glycans in embryonated chicken 
egg chorioallantoic and amniotic cells responsible for binding 
and adaptation of human and avian influenza viruses. Gly-
coconj J. 2009; 26(4):433-43. [DOI:10.1007/s10719-008-9193-x] 
[PMID]

Shahsavandi S. et al. Toxicity Effect on Newcastle Disease. Iran J Toxicol. 2020; 14(4):229-236.

October 2020, Volume 14, Number 4

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://books.google.com/books?id=64v7zyczLD4C&dq=%22Newcastle+disease%22&source=gbs_navlinks_s
https://books.google.com/books?id=64v7zyczLD4C&dq=%22Newcastle+disease%22&source=gbs_navlinks_s
https://doi.org/10.1007/s10719-006-5433-0
https://www.ncbi.nlm.nih.gov/pubmed/16575518
https://doi.org/10.1016/S0734-9750(97)00081-5
https://doi.org/10.1016/S0734-9750(97)00081-5
https://doi.org/10.1016/j.bbamem.2013.08.008
https://www.ncbi.nlm.nih.gov/pubmed/23994097
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7094467
https://doi.org/10.1099/vir.0.82150-0
https://doi.org/10.1099/vir.0.82150-0
https://www.ncbi.nlm.nih.gov/pubmed/17251575
https://doi.org/10.1002/jmor.1050880104
https://www.ncbi.nlm.nih.gov/pubmed/24539719
https://doi.org/10.1139/o59-099
https://www.ncbi.nlm.nih.gov/pubmed/13671378
https://doi.org/10.21859/isv.8.4.12
https://doi.org/10.1021/es60130a004
https://doi.org/10.1016/j.dci.2013.04.012
https://www.ncbi.nlm.nih.gov/pubmed/23623955
https://doi.org/10.1093/chromsci/bms035
https://www.ncbi.nlm.nih.gov/pubmed/22542890
https://doi.org/10.1016/S0005-2736(00)00309-6
https://doi.org/10.1016/j.ejps.2005.07.002
https://www.ncbi.nlm.nih.gov/pubmed/16129587
https://doi.org/10.1016/j.bpj.2011.12.029
https://www.ncbi.nlm.nih.gov/pubmed/22325272
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3274831
https://doi.org/10.1021/acs.langmuir.6b04093
https://www.ncbi.nlm.nih.gov/pubmed/28013540
https://doi.org/10.1016/j.micpath.2003.07.003
https://www.ncbi.nlm.nih.gov/pubmed/14643634
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7125746
https://doi.org/10.1128/JVI.77.20.11040-11049.2003
https://www.ncbi.nlm.nih.gov/pubmed/14512552
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC224984
https://doi.org/10.1016/0014-5793(92)80303-X
https://doi.org/10.1128/JVI.71.9.6287-6295.1997
https://doi.org/10.1128/JVI.71.9.6287-6295.1997
https://www.ncbi.nlm.nih.gov/pubmed/9261345
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC191901
https://doi.org/10.1034/j.1600-0854.2002.31002.x
https://doi.org/10.1034/j.1600-0854.2002.31002.x
https://www.ncbi.nlm.nih.gov/pubmed/12230468
https://doi.org/10.1128/JVI.01183-06
https://doi.org/10.1128/JVI.01183-06
https://www.ncbi.nlm.nih.gov/pubmed/17041223
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1641742
https://doi.org/10.1128/JVI.77.24.12968-12979.2003
https://www.ncbi.nlm.nih.gov/pubmed/14645553
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC296069
https://doi.org/10.1128/JVI.01119-07
https://www.ncbi.nlm.nih.gov/pubmed/17652393
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2045500
https://doi.org/10.1073/pnas.0608678103
https://www.ncbi.nlm.nih.gov/pubmed/17093041
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1635158
https://doi.org/10.1016/j.virol.2010.03.050
https://www.ncbi.nlm.nih.gov/pubmed/20439109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2877518
https://doi.org/10.1128/MMBR.67.2.226-237.2003
https://www.ncbi.nlm.nih.gov/pubmed/12794191
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC156468
https://doi.org/10.1007/s10719-008-9193-x
https://www.ncbi.nlm.nih.gov/pubmed/18853253


236

[34] Lichtenberg D, Ahyayauch H, Goñi FM. The mechanism 
of detergent solubilization of lipid bilayers. Biophys J. 2013; 
105(2):289-99. [DOI:10.1016/j.bpj.2013.06.007] [PMID] [PM-
CID]

[35] Gohon Y, Popot JL. Membrane protein-surfactant com-
plexes. Curr Opin Colloid Interface Sci. 2003; 8(1):15-22. 
[DOI:10.1016/S1359-0294(03)00013-X]

Shahsavandi S. et al. Toxicity Effect on Newcastle Disease. Iran J Toxicol. 2020; 14(4):229-236.

October 2020, Volume 14, Number 4

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1016/j.bpj.2013.06.007
https://www.ncbi.nlm.nih.gov/pubmed/23870250
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3714928
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3714928
https://doi.org/10.1016/S1359-0294(03)00013-X

