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1. INTRODUCTION 

Endotoxins are lipopolysaccharides (LPS) 

derived from cell membrane of Gram-negative 

bacteria and are responsible for its organization 

and stability Morrison et al., 1994, Raetz 1990, 

Rietschel and Brade 1992, Roslansky et al., 

1991, Weary and Pearson 1988. In 

pharmaceutical industries it is possible to find 

endotoxins during production processes or in the 

final product. Although endotoxins are linked 

within the bacterial cell wall, they are 

continuously liberated into the environment. 

The release does not happen only with cell death 

but also during growth and division. Since 

bacteria can grow in nutrient poor media, such 

as water, saline, and buffers, endotoxins are 

found almost everywhere. A single Escherichia 

coli contains about 2 million LPS molecules per 

cell. Endotoxin elicits a wide variety of 

pathophysiological effects. In conditions where 

the body is exposed to LPS excessively or 

systemically (as when small concentrations of 

LPS enter the blood stream), a systemic 

inflammatory reaction can occur, leading to 

multiple pathophysiological effects, such as 

endotoxin shock, tissue injury, and death 

(Anspach 2001, Erridge et al., 2002, Ogikubo 

et al., 2004). However, endotoxin does not act 

directly against cell or organs but through 

activation of the immune system, especially 

through monocytes and macrophages, with the 

release of a range of pro-inflammatory 

mediators, such as tumor necrosis factor (TNF), 

interleukin (IL)-6 and IL-1. Pyrogenic reactions 

and shock are induced in mammals upon 

intramuscular or subcutaneous injection of 

endotoxin at high concentrations (Fiske et al., 

2001).  

Tissue culture is an artificial process for growth, 

proliferation and maintenance of cells for study 
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and research on the behavior of various animal 

cells (Durrani et al., 2015, Harison 1907, 

Freshney 1998). 

Cell culture is mainly applied in biological 

sciences such as virus propagation, vaccine 

production, diagnosis, hormones production, 

physiological, biological, pharmaceutical studies, 

basic , applied researches including cell biology, 

physiology, pharmacology and toxicology, 

recombinant protein production, gene therapy, 

cancer research, drug development, antibodies, 

interferon, erythropoietin, coagulation factors, 

safety testing and many other aspects (Durrani 

et al., 2015, Vester et al., 2010, Park et al., 

2010, Marten 2006, Zhang et al., 2013, Balls 

et al., 1995). 

BHK cells are derived from syrian baby hamster 

kidney (Mesocricetus auratus) (MacPherson 

and Stoker 1962). BHK cells are inherently 

anchorage dependent cells but also they are 

applied as suspension, too (Guo et al., 2015, 

Hernandez and Brown 2010, Reddy et al., 

2016). 

BHK cells are mainly used in animal products, 

particularly for FMD virus vaccine and rabies 

vaccine production (Vester et al., 2010, Park et 

al., 2010, Aunin 2010, Kallel et al. 2003, 

Rahman et al., 2007). 

Foot and mouth disease (FMD) is an acute 

contagious viral disease of cloven footed 

animals (Orsel et al., 2007). The causative agent 

is a single stranded positive- sense RNA virus 

that belongs to the genus Aphthovirus in the 

family Picornaviridae. There are seven 

immunologically distinct serotypes of FMD 

virus, namely; O, A, C, SAT1, SAT2, SAT3 and 

Asia1 (Belsham, 1993).  

In Egypt, The history of FMDV goes back to 

1950 (Mousa et al., 1974), when an outbreak 

caused by serotype SAT2 was reported. 

Between 1964 and 2005, only serotype O was 

reported in Egypt (Zahran 1960, and Farag et 

al., 2005), with the exception of 1972 when type 

A was introduced from Sub-Saharan Africa 

(Knowles et al., 2007). Series of outbreaks 

predominantly caused by serotype O, and with a 

dramatic upsurge in FMD SAT 2 outbreaks 

during 2012 were reported (Ahmed et al., 2012, 

Shawkey et al., 2013). Serotypes O, A and 

SAT2 have been circulating in the country since 

2012, and Serotype O is considered the 

predominant serotype (FAO 2012). 

The control of FMD in animals was considered 

to be important to effectively contain the disease 

in endemic areas, so that vaccination of animals 

is effective in limiting the spread of FMD (Nair 

and Sen, 1992).  

The proper use of good quality vaccines has 

been a significant factor in the control and / or 

eradication of FMD (Allende et al., 2003).  

The objective of this study was to Screen and 

control the endotoxin levels during propagation 

of BHK (Baby Hamster Kidney) tissue culture 

used in the preparation of FMD (foot and mouth 

disease) vaccine in VSVRI. 

2. MATERIALS AND METHODS 

2.1. BHK cells, sera, media and additives 

BHK cell line obtained from (FMD department, 

VSVRI, Egypt) was cultured in Minimal 

essential medium supplemented with a set of 

proteins including lactalbumin, treptose 

phosphate broth were added into this medium, 

sodium bicarbonate, and 10% newborn calf 

serum supplied by Capricorn® with antibiotics 

penicillin 100 IU/ml and streptomycin 100 

IU/ml. 

2.2. Water 

High purity water prepared in VSVRI is used 

not only for preparation of media and solutions, 

but also for glassware washing.  

2.3. Glassware and Plastics  

Water used for washing all glassware and 

plastics in FMD vaccine department, VSVRI, is 

highly purified water prepared by VSVRI, 

Egypt. Glassware are sterilized in hot air oven at 

220°C for 1 hour, while plastics are sterilized by 

autoclaving at 121°C, 1.5 bar atmospheric 

pressure for 30 minutes. 

2.4. Inverted Microscope  

The morphological abnormalities of BHK cells 

were investigated using the inverted 

microscope. 

2.5. Limulus Amebocyte Lysate (LAL) Test 

LAL test was used to screen the endotoxin levels 

in water, serum, medium with additives, glassware 

and plastics. This Limulus Amebocyte Lysate 

(LAL) (Endosafe®) chromogenic assay is very 

sensitive, detecting down to 0.03 Endotoxin 

Units (EU)/ml. One EU equals approximately 

0.1 to 0.2 ng endotoxin/ml of solution 

depending on the reference standard used. 
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Endotoxin Units, rather than units of weight, 

were developed by the U.S. Food and Drug 

Administration (FDA) Hoffmann et al., 2005 

and Ding 2001. 

2.6. FMD Virus Strains 

FMD virus local strains (O /pan Asia2, A/ Iran 05   

and SAT2/ Egypt 2012) were locally isolated 

and were identified by VSVRI, Abbasia, Cairo. 

These viruses were used to check for the 

sensitivity of BHK cells.  

2.7. Polymyxin B Sulfate (Pmb) 

Polymyxin B Sulfate binds to the lipid A portion 

of bacterial lipopolysaccharides, disrupting the 

cytoplasmic membrane by inducing pores large 

enough to permit nucleotide leakage in bacterial 

walls. This disrupts the permeability of the 

cytoplasmic membrane (Xiao et al., 2017). 

PMB-LPS antagonizing activity occurs at 50 

mg/L (Guo et al., 2007). 

3. RESULTS AND DISCUSSION 

Unfortunately, while the sterilization processes 

will destroy microbial contaminants, endotoxin 

will be left largely intact. (Roslansky et al., 

1991) 

Endotoxin elicits a wide variety of 

pathophysiological effects, such as endotoxin 

shock, tissue injury, and death (Ogikubo et al., 

2004). 

The results of endotoxin screening in the BHK 

propagation ingredients revealed that highest 

endotoxin level was 8 EU/ml in newborn calf 

serum and the least was 0.5 EU/ml in water, 

glassware and plastics, as shown in table (1). 

These results were in agreement with Dumoulin 

et al. 1991 who mentioned that the endotoxin 

levels during tissue culture processing should 

range from 0.5 to 60 EU/ml. 

Table1. The endotoxin levels in different BHK propagation inputs 

BHK propagation ingredients Endotoxin level (EU/ml) 

Water 0.5 

Newborn calf serum 8 

Medium and additives 2 

Glassware 0.5 

Plastics 0.5 

Table (2) shows that only above 500 EU/ml, BHK 

cells reveal minimal quality alterations. These 

results were in agreement with Nalbantsoy et al., 

2011 who mentioned that BHK cells resist very 

high levels of endotoxins. 

Table2. The effect of endotoxin levels on quality of BHK cells 

BHK parameters of quality Endotoxin levels (EU/ml) 

50 150 250 500 1000 

Morphological abnormalities Nil Nil Nil ＋ ＋ 

Growth ＋＋＋ ＋＋＋ ＋＋＋ ＋＋ ＋＋ 

Sensitivity to FMD virus type  O ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

Sensitivity to FMD virus type  A ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

Sensitivity to FMD virus type  SAT 2 ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

Table (3) shows that Polymyxin B Sulfate 

neutralizes the endotoxin effect on tissue culture 

under high endotoxin levels. These results were in 

agreement with Xiao et al., 2017 who mentioned 

that Polymyxin B Sulfate binds and neutralizes 

the lipopolysaccharides. 

Table3. The Effect of Polymyxin B Sulfate on Quality of Endotoxin-Contaminated BHK Cells 

BHK parameters of quality  

(After using of 50 mg/L Polymyxin B Sulfate) 

Endotoxin levels (EU/ml) 

50 150 250 500 1000 

Morphological abnormalities Nil Nil Nil ＋＋＋ ＋＋＋ 

Growth ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

Sensitivity to FMD virus type O ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

Sensitivity to FMD virus type A ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

Sensitivity to FMD virus type SAT 2 ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ ＋＋＋ 

In this work we studied the effect of LPS on the 

quality of BHK cells regarding the morphology, 

growth and sensitivity against the local FMD 

virus strains in Egypt.  
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The results revealed that the tissue culture inputs 

used in VSVRI cope with the permissible LPS 

levels Dumoulin et al. 1991.  

Previous results demonstrated that the BHK 

cells could withstand high levels of endotoxin 

burden without showing any alteration from 

normal (Nalbantsoy et al., 2011). 

Results revealed that 50 mg/L of PMB in tissue 

culture medium could be a magical treatment for 

LPS contamination Guo et al., 2007, Xiao et al., 

2017. 

Results supported also by Morrison et al., 1994, 

Raetz 1990, Raetz 1993, Raetz et al., 1991, they 

found that endotoxins do not affect all cultured 

cells equally. Some cell cultures, perhaps 

lacking appropriate endotoxin receptors, may 

only be sensitive to very high levels of 

endotoxin levels not likely to be found in cell 

culture systems by accident. Cell lines that have 

been grown in culture for many years (CHO, 

3T3, WI-38, BHK, HeLa, etc.) may have been 

naturally selected for resistance to endotoxin by 

long term, inadvertent exposure to high levels of 

endotoxins that could often be found in media, 

sera and culture additives before endotoxin 

testing became widely used. 

Although BHK cells could resist high levels of 

LPS, these high levels in parenteral 

pharmaceuticals could cause a systemic 

inflammatory reaction, leading to multiple 

pathophysiological effects, such as endotoxin 

shock, tissue injury, and death (Anspach 2001, 

Erridge et al., 2002, Ogikubo et al., 2004). 

Finally we recommended the use of pyrogen 

free tissue culture ingredients and using of 

polymexin b sulfate as anti-lipopolysaccharides. 
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