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Abstract 
Background and Aims: IFN beta-1a is a recombinant protein which reduces the symptoms 

of Multiple Sclerosisdisease. The purpose of this study was comparison the effects of gamma 

irradiation and acid pH methods on the biological attributes of recombinant protein IFN beta-

1a in order to viral inactivation.  

Materials and Methods: Methods: IFN beta was produced by recombinant-DNA in CHO 

Cell line which include human IFN beta gene and divided in two parts. The acidity of one 

part was adjusted about pH=4 by hydrochloric acid and incubated two hours, then was 

returned back to initial pH=7 by NaoH (1 M). The second part was irradiated by a Nordian 

model 220 gamma irradiator, with different doses: 10, 25 and 50 kGy. The prepared samples 

with both methods were analyzed by SDS-PAGE and HPLC.  

Results: The HPLC indicated decreasing in purity and protein content of gamma irradiated 

samples, whereas these properties for the acidic pH treated sample was the same as the 

standard sample. Aggregation of gamma irradiated IFN beta-1a protein and increasing of the 

protein molecular weight were shown by SDS-PAGE, but it was without any change in 

molecular weight (22.5 KDa) at acidic pH sample. Also, decreasing of IFN beta antiviral 

activity through decreasing its concentration has been shown via antiviral assay.  

Conclusions: Conclusion: The low pH method can be used for viral inactivation without any 

change in structure and biological activity of IFN beta-1a but the results indicated differences 

between the irradiated and standard samples, whereas the acidic pH treated sample was the 

same as the standard. 

Keywords: Interferon Beta-1a, Gamma Irradiation, Low pH, Viral Inactivation, Biological 

Activity. 

 

Introduction* 

 
nterferon beta-1a, which is used to 

reduce the symptom of Multiple Sclerosis 

disease,isa cytokine in he interferon family.                  

It is a recombinant protein with 22.5 KD 
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molecular weight and 166 amino acids. It 

normally produces by fibroblasts that have 

antiviral and anti-proliferative characteristics 

[1].  Also, it was produced by recombinant-

DNA in CHO Cell line which include human 

IFN beta gene [1, 2]. It can balance the 

expression of pro- and anti-inflammatory 

agents in the brain, and reduces the number of 

inflammatory cells. Interferon beta can reduce 

neuron inflammation, increase production 

of nerve growth factor and improve neuronal 

survival [3, 4]. Viral safety is an important 
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characteristic of the biological products which 

derives from animal cell lines and use for 

therapeutic intent [5]. The risk of viral 

infection is one of the common problems for 

all cellular biological products such as IFN-

beta 1a. So this contamination can have serious 

clinical consequences and its source can be 

from the cell line or due to infection with the 

virus during production [1]. MS is mainly 

characterized by demyelination of axonal 

tracks in the CNS which due to infiltration of 

perivascular CD4+ T-cell and mononuclear 

cells [6]. There are some mechanisms which 

IFN-beta causes anti-inflammatory and 

immune-modulatory effects, including inhibi-

tion of T-cell activation and proliferation; 

apoptosis of auto-reactive T cells; induction of 

regulatory T cells; prevention of leukocyte 

movement across the blood-brain barrier; 

cytokine modulation; and potential antiviral 

activity. These mechanisms are believed to be 

effective for therapeutic effect of IFN-beta in 

the treatment of Relapsing-Remitting Multiple 

sclerosis† [7].  With these interpretations, it is 

expected that the health of these products due 

to the possibility of viral contamination is 

ensured by using an antiviral assay program 

and evaluating the inactivation and elimination 

of the virus in the production process. The Low 

pH method is used to inactivate the viruses that 

make contamination and it is commonly used 

in monoclonal antibody purification processes 

to inactivate large enveloped viruses [8]. PH 

adjustment is very important in this method 

and is carried out by specialist personnel in 

special reservoirs [9]. Gamma irradiation is 

another technique for virus inactivation. 

Ionizing radiation is a highly reliable proce-

dure in which electromagnetic radiation such 

as gamma rays are emitted from Cobalt 60 or 

Cesium 137 isotopes used for inactivation of 

microorganisms such as viruses [10]. The 

inactivation of viruses by ionizing radiation 

shows that a single ionization is sufficient to 

inactivate a single virus particle [11].  

Evidently, the inactivation dose is related to 

the virus concentration, the size of the viral 

particles and viral genomes, and the tempera-

                                                 
 

ture of irradiation. Consequently, there is two 

mechanisms of virus inactivation by gamma 

irradiation: direct and indirect. Direct virus 

inactivation by gamma irradiation is mainly 

caused by radiolytic cleavage or crosslinking 

of genetic material. Also, direct damages on 

proteins and viral envelopes are caused by 

gamma irradiation. Indirect effects of gamma 

irradiation are caused by the action of radicals 

such as .OH, due to the radiolytic cleavage of 

water, and ozone which created from the 

radiolytic cleavage of O2. Viral nucleic acids 

and viral proteins can react with this 

molecules. Stop of viral nucleic acids 

replication, via both direct and indirect effects, 

is the main mechanism of virus inactivation by 

gamma irradiation [5, 12, 13, 14, 15]. The aim 

of this study is to compare the effects of 

gamma irradiation and acid pH methods on the 

biological attributes of recombinant interferon 

beta-1a protein in order to viral inactivation. 

 

Methods 
 

Interferon beta 1a Production. It was 

produced by rDNA in CHO Cell‡ line which 

include human IFN beta gene. The supernatant 

of CHO Cells was collected, filtrated by 0.22 

μm filter and purified by ion exchange chroma-

tography [16].   

Low pH Method. The reservoir temperature 

was equilibrated to 2-8 ˚C and the purified 

interferon beta-1a sample was incubated in this 

reservoir at pH= 4 with hydrochloric acid for 2 

hours, then readjusted to the initial pH of 6.8 to 

7.2 [16, 17, 18]. 

Gamma Irradiation Technique. Nine vials 

contain IFN beta-1a were irradiated by a 

Nordian model 220 gamma cell instrument at a 

dose rate of 2.07 Gy/s and activity of 8677 Ci 

at Nuclear Science and Technology Research 

Institute of Tehran with different doses 10, 25 

and 50 kGy. 

Three samples were irradiated for each dose of 

gamma ray at the freezing tem-perature and 

returned to the laboratory under freezing con-

ditions[19]. 
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Biological Activity. The protein structure and 

biological activity of interferon beta 1a were 

evaluated after treatment with low pH and 

gamma irradiation. Anti-viral assay and 

Sodium Dodecyl Sulfonate–Polyacrylamide 

Gel Electrophoresis technique were used for 

considering biological activity and protein 

structure; SDS-PAGE on a 12.5% Tris-HCl gel 

concentration under reducing conditions was 

done. The gel was stained with Coomassie-

R250 stain (Merck). The control reference 

standard with concentration 1.5 mg/ml was 

prepared by spectrophotometer Nano-Drop and 

electrophoresis executed according to 

European pharmacopeia version 18, section 

1639 [16]. Anti-viral assay of IFN beta-1a was 

performed on A549 cell line by preventing 

cytopathic effects of Encephalomyocardi-

tis virus (EMC virus) (Picornaviridae family).  

A serial dilution of IFN beta-1a (two-fold 

dilution from 16- 0.125 IU/ml) and 10 PFU/ml 

of EMC virus were mixed then inoculated on 

A549 cell line. Each of treated samples 

(standard sample and acidic pH treated sample) 

was examined in three repetitions. Optical 

Density§ was read by plate reader at 610 nm 

                                                 

 

and biological activity calculated by GEN5 

software. 

Quality Control to Evaluate of IFN beta-1a 

Purification and Concentration. Size Exclu-

sion High Performance Liquid Chromato-

graphy can separated proteins based on size 

and molecular weight. This technique was used 

to show the purification of IFN beta-1a by 

Agilent model 1260 SE-HPLC system, 

TOSOH resin with dimensions of 60 

cm*7.8mm and detector with 280 nm. The 

runtime was 60 minutes and 100 μl of the 

sample (30μg/ml) was injected at runtime 60 

minutes. Phosphate buffered as the mobile 

phase and a standard sample (0.2 mg/ml) were 

used [17]. Revers Phase High Performance 

Liquid Chromatography was used to determine 

concentration of IFN beta-1a. For RP-HPLC, a 

C4 column of 4.6mm x 150mm was used. The 

injection rate was 50 μl/min and the runtime 

was 40 minutes, using a wavelength of 214 

nm. Water with trifluoroacetate and water 

along with TFA and acetonitrile were used for 

injection as the mobile phase A and B, 

respectively.  

In this method a standard sample 100 μg/ml 

was used [17].

Table 1. Gamma Irradiated, Standard, Low pH samples results for RP-HPLC and SE-HPLC to calculate protein content (measured 

by Agilant 1260 HPLC devices) 

Sample name test Retention time (min.)(Main Peak) Area (mAU) Area% 

(A) Standard samples of IFN β-1a 
SE-HPLC 

(16-23 min.) 
18.779 1615.401 94.124 

(B) 50 kGy Irradiated IFN β-1a 
SE-HPLC 

(16-23 min.) 
19.682 19.447 2.393 

(C) 25 kGy Irradiated IFN β-1a 
SE-HPLC 

(16-23 min.) 
17.865 341.396 25.413 

(D) 10 kGy Irradiated IFN β-1a 
SE-HPLC 

(16-23 min.) 
18.502 656.763 44.609 

(E) Low pH treated IFN β-1a 
SE-HPLC 

(16-23 min.) 
18.372 1615.207 94.120 

(A) Standard samples of IFN β-1a 
RP-HPLC 

(22-26 min.) 
23.363 22009.287 100 

(B) 50 kGy Irradiated IFN β-1a 
RP-HPLC 

(22-26 min.) 

0.000 

Less than LOD 

0.000 

Less than LOD 

0.000 

Less than LOD 

(C) 25 kGy Irradiated IFN β-1a 
RP-HPLC 

(22-26 min.) 

0.000 

Less than LOD 

0.000 

Less than LOD 

0.000 

Less than LOD 

(D) 10 kGy Irradiated IFN β-1a 
RP-HPLC 

(22-26 min.) 

0.000 

Less than LOD 

0.000 

Less than LOD 

0.000 

Less than LOD 

(E) Low pH treated IFN β-1a 
RP-HPLC 

(22-26 min.) 
23.367 22008.889 100 
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Results 

 

The results of SDS-PAGE for standard IFN 

beta-1a, acidic pH and gamma irradiated 

samples were shown in Figure 1 with different  

  

concentration. A protein band with 22 kDa 

molecular weight was observed for all 

dilutions of standard IFN beta-1a on the gel. 

Also, the molecular weight of different 

concentration for acidic pH treated samples 

was the same. The columns four, five, six, and 

seven of gamma irradiated IFN beta-1a have 

inaccurate bands, in addition to a band of about 

22 kDa, which is the same as interferon beta. 

There were the bands in the range of 50 kDa, 

which indicating the aggregation of protein 

molecules by radiation. 

The result of RP- HPLC to check purity of all 

samples and SE-HPLC to calculate protein 

content were shown in Figures 2 and 3. These 

results showed that gamma irradiation 

damaged on IFN beta-1a, but the purity of 

acidic pH treated IFN beta-1a was the same of 

standard sample purity. Analysis method was 

 
Fig.  1.  The results of SDS-PAGE: (A) Standard samples of IFN-β 

1a, (B) Acidic pH treated IFN-β 1a, (C) Gamma irradiated IFN-β 

1a (50 kGy), (D) Gamma irradiated IFN-β 1a (25 kGy), (E) 

Gamma irradiated IFN-β 1a (10 kGy). Column 1; Unstained 

Protein Marker 26610, columns 2-7; Standard samples of IFN-β 1a 

with 0.00375 mg/ml, 0.0075 mg/ml, 0.015 mg/ml, 0.05 mg/ml, 0.3 

mg/ml and 0.75 mg/ml concentrations. 

 
Fig.  2.  The results of RP-HPLC: (A) Standard samples of IFN 

β-1a, (B) Low pH treated IFN β-1a, (C) 50 kGy Irradiated IFN β-

1a, (D) 25 kGy Irradiated IFN β-1a, (E) 10 kGy Irradiated IFN β-

1a. 

 
Fig.  3.  The results of SE-HPLC: (A) Standard samples 

of IFN β-1a, (B) low pH treated IFN β-1a (C) 50 kGy 

Irradiated IFN β-1a, (D) 25 kGy Irradiated IFN β-1a, (E) 

10 kGy Irradiated IFN β-1a. 
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RP-HPLC to calculate protein content after 

different treatments in comparison with 

standard sample without any process. RP-

HPLC showed a peak of IFN β-1a standard 

sample at 20 minutes, but for gamma irradiated 

samples it decreased, so the amount of IFN 

beta-1a became less. 

 

As mention in Table 1 there are significant 

differences between gamma irradiated and 

standard samples for RP and SE-HPLC in 

retention time, area of main peak and area 

percent. 

However, low pH sample and standard IFN 

beta-1a were similar and there is no significant 

difference between them for RP-HPLC and 

SE-HPLC in retention time, area of main peak 

and area percent. So, low pH method can be 

used for viral inactivation without makes any 

change in protein recombinant characteristics. 

The result of anti-viral assay as the biological 

activity of low pH treated sample and standard 

sample were shown in Figure 4. Anti-viral 

activity of IFN beta-1a after treatment with 

acidic pH did not change and the same with 

standard sample. As mentioned in GEN 5 

Graph, triplicate points of each sample in 

different dilutions clear that there is no 

significant difference between OD of standard 

and low pH samples. 

 

Discussion 
 

Gamma radiation and low pH techniques are 

the most common methods for viral inactiva-

tion that are carried out for products containing 

protein. In this study, both methods are used to 

choose a more effective method while 

protecting the biological properties of the 

target protein. Hume et al., studied about 

inactivation of some RNA viruses by gamma-

ray. They evaluated gamma radiation effects 

on Zaire Ebola Virus in culture media and 

biological samples. They reported the viral 

neutralization in ambient conditions at 

biosafety level 4 (BSL -4) [4]. Lee et al., 

reviewed chemical and gamma-ray methods in 

order to neutralizef enveloped and non-

enveloped viruses in products such as serum. 

Based on this study, treatment with 70% 

ethanol and 4% sodium hydroxide and gamma 

radiation has been highly effective in virus 

neutralization [20]. Erwin Duzer et al. (2004) 

studied the inactivation of enteric canine 

calicivirus and the respiratory feline calicivirus 

and they reported which inactivation is 

relevant to reduction in PCR units of FeCV, 

CaCV, and a norovirus. Virus inactivation was 

temperature and time dependent, also UV-B 

radiation caused dose-dependent inactivation, 

with a 3D (D= 1 log10) reduction in infectivity 

at 34 mj/cm2 for both viruses. Inactivation by 

70% ethanol was inefficient, with only 3D 

reduction after 30 min. Sodium hypochlorite 

solutions were only effective at >300 ppm. 

Both animal viruses showed similar 

inactivation profiles when exposed to heat or 

UV-B radiation or when incubated in ethanol 

or hypochlorite [21, 22]. Irradiated inactivated 

viruses have been reported to retain most of 

their antigenicity. Motamedi et al. (2008) 

showed that the optimum dose range of gamma 

ray for inactivation of FMD Virus typeA87/ 

IRN at -20 ˚C, without any change in antigeni-

city was obtained 40-44 kGy. Therefore, the 

irradiated inactivated FMD virus with 

unaltered antigenicity character and good 

safety test results can be used to prepare 

 
 Biological activity 

        
Fig.  4.  Compatibility diagram  for Low pH sample and standard 

by GEN 5 software. 

 
SPL_SPL1║STD:Sample No.1(Low pH Sample) paralel with Standard Sampl 

 
STD║SPL_SPL1:Standard Sample Paralel with Sample No.1(Low pH Sample) 

 Triplicate point of Sample No.1(Low pH Sample) 

 Triplicate points of Standard Sample 
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of inactivated irradiated vaccine [23, 24].  

Motamedi et al. (2017) reported that White 

Spot Syndrome Virus was inactivated by the 

electron beam irradiation, D10 value and 

optimum dose of electron beam were obtained 

at 1.85 and 13 kGy, respectively [23]. Also, 

Motamedi et al. (2015) in another research 

reported that comparison of the immune 

responses between gamma ray-irradiated 

vaccine and conventional vaccine against FMD 

virus did not show any significant difference in 

memory spleen T lymphocytes, neutralizing 

antibody titer or IFN-γ, IL-10, IL-4 and IL-2 

concentrations (p > 0.05). In contrast, there 

were significant differences in all of the 

evaluated immune factors between the two 

vaccinated groups of mice and negative control 

mice (p < 0.05) [10]. According to the above 

results we can suppose this concept, rather than 

viral inactivation is done after gamma radiation 

but the viral proteins structure in capsid as a 

whole viral particle don’t change. Low pH 

inactivation is commonly used to inactivate 

enveloped viruses in purified monoclonal 

antibody. Acidic low pH has been confirmed 

as a reliable method to inactivate more than >4 

log10 of large enveloped viruses (e.g., X-

MuLV) in several commercial purification 

processes. This method can be applied for 

monoclonal antibodies which the purification 

process steps include a low pH step [3]. In this 

study two methods were used for viral 

inactivation of IFN beta-1a which infected by 

viral contamination (e.g., EMC virus) and the 

results of the HPLC and SDS-PAGE indicated 

that there was difference between the irradiated 

sample and standard sample, but the acidic pH 

sample was the same of the standard sample. 

The SDS-PAGE were shown IFN beta-1a 

protein (monomer with molecular weight 22 

kDa) was aggregated after gamma irradiation, 

so the protein band with increased molecular 

weight was observed (about 50 kDa), but it 

was without any change in molecular weight 

(22.5 KDa) at acidic pH sample. Whereas the 

monomer molecules of IFN beta-1a have the 

small size, so there is less biomass for 

irradiation and it causes more sensitivity to 

gamma radiation. Whilst in some articles 

reported more resistance for other viral 

proteins such as FMD virus (Picornaviridea 

family) which is resistance against 44 kGy 

gamma radiation, because viral proteins are 

attached with each other with tight connection  

in capsid structure, but the IFN beta-1a 

molecules are monomer protein with small 

biomass [11, 23, 25, 26]. Also, the result of 

antiviral assay was shown decreasing of IFN 

beta antiviral activity according to decreasing 

IFN beta-1a concentration in acidic treated 

sample and standard sample. Eventually the 

low pH method can be used for viral 

inactivation without any change in structure 

and biological activity of IFN beta-1a. 

Although gamma irradiation can inactivate 

viruses but it makes aggregation for this small 

peptide, so it is not a suitable technique for 

viral inactivation effects on the small peptide 

such as IFN beta-1a. 
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