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Abstract: The stability of peginterferon alpha 2b was studied in the presence and absence of tween 80.
Similarly, the stability was also assessed in formulation containing poloxamer other than tween 80. Analysis
of aggregated, depegylated and fragmented species were done by SDS PAGE, CEX-HPLC, RP-HPLC and SEC-
HPLC. From the results obtained, it is evident that formulation C (10mM phosphate buffer containing 84.6 mg/ml
sucrose and 0.01 mg/ml poloxamer) is the best among the three formulation buffers tried, followed by
Formulation A (10 mM phosphate buffer, 84.6 mg/ml sucrose) which do not contain any surfactant and
formulation B (10 mM phosphate buffer containing 84.6 mg/ml sucrose and 0.01 mg/ml tween 80). Hence, it is
concluded that tween 80 can be removed safely from the formulation of interferon alpha 2b with out affecting
the product quality with respect to its stability and efficacy.

Key words: Peginterferon  Protein stability  Tween  Poloxamer SDS PAGE  CEX-HPLC  RP-HPLC and
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INTRODUCTION formulation [3], mixing [4], freeze-thawing [5], freeze-

Surfactants decrease the surface tension of protein inhibit chemical instability of protein e.g., prevention of
solutions as predicted by Gibbs adsorption isotherm and deamidation and loss of mitogenic activity in hEGF [8]. As
force the protein to change its order so that more a result, several protein (pharmaceutical products) both in
hydrophilic groups are solvent exposed and there will be liquid and solid dosage forms, contain tweens as inactive
less chances of protein adsorption. There are two classes pharmaceutical ingredients, including actimmune, activase
of surfactants ionic and non-ionic. Ionic surfactants such and intron A [9].
as SDS have been used in the formulation of many However,  one  rising  issue in using tweens for
products viz., IL-2, BSA, RNase, aFGF. These surfactants protein  formulations  is  their   potential   adverse  effect
are charged, they can bind to charged groups of proteins on protein stability, which has not been extensively
which will further assist in denaturation [1]. Nonionic reported. The contamination of peroxides in tween
surfactants are the preferred ones for use in preparation and autooxidation of tween during processing
pharmaceutical industry, as low concentrations of these or storage [10,11] pose a threat to proteins for oxidative
surfactants offer sufficient protection against aggregation damage. The oxidative degradation of proteins [12] can be
and adsorption. a serious concern for immunogenicity and bioactivity of

A popular class of non-ionic surfactants widely used proteins. There are few examples of this phenomenon
in the pharmaceutical industry are tweens. Their including oxidative degradation (dimerization by alkyl
popularity is largely due to their effectiveness at low peroxides) of recombinant human ciliary neurotrophic
concentrations and relatively having low toxicities. These factor (rhCNTF) in solution [13] and recombinant human
characteristics have made them the most usable surfactant granulocyte colony-stimulating factor (rhG-CSF) in
in the formulation research of biotherapeutics in the past solution during storage [14] by the residual peroxides in
two decades. The surfactants inhibit surface adsorption tween 80 (a single oleic acid ester of polyoxyethylene
of the proteins [2], aggregation during processing and sorbitan).

drying [6] and reconstitution [7]. The surfactants can also
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In addition to oxidative damage, there are certain MATERIALS AND METHODS
concerns related to adverse reactions from the injection of
product containing tween as formulation excipient. Materials: USP grade sodium phosphate monobasic
Patients who developed hypersensitivity reactions while (NaH PO .H2O), sodium phosphate dibasic (Na HPO ),
receiving darbepoetin and erythropoietin were studied sucrose, poloxamer was procured from J.T baker (USA)
and through skin testing, the causative agent was and used for the study. Low peroxide tween 80 was
identified [15] as polysorbate 80 (tween 80) which was procured from Sigma (USA). 
used as an excipient in these formulations. Tween has Peginterferon alpha 2b (31 KD) was prepared by
also been reported to cause both respiratory and using site specific pegylation of interferon alpha 2b. The
dermatologic side effects when used as an emulsifier in protein was then processed by several chromatographic
inhalation suspensions. The additives are causative steps to achieve more than 95% purity by SE-HPLC. The
agents of allergic reactions and the patient was found to peginterferon bulk was then diafiltered to achieve a
be sensitized to polysorbate 80, contained in the penicillin protein concentration of approximately 0.5 mg/ml in a
preparations [16]. A case of severe recurrent asthma was buffered solution (Formulation A, B and C) at pH 7.0 and
observed in a patient due to polysorbate 80, contained in stored at-70°C in a Polyethylene Terephthalate
the budesonide preparation [17]. Copolyester (PETG) bottle from Nalgene. 

Pegylated interferon-ribavirin combination therapy is
a treatment for chronic hepatitis C. This therapy has Preparation of Samples: Frozen peginterferon alpha 2b
higher injection site reactions compared to interferon and was thawed and exchanged against three different
ribavirin alone. The common side effects of ribavirin and formulations (A, B and C) (Table 1) buffered with
peginterferon treatment are hemolytic anemia and phosphate at pH 7.0. The final compositions of these
cutaneous site manifestations. The patient in this case, formulations are listed in Table 1. 
developed erythematous edematous vesiculobollus These   formulations   were   then   sterile  filtered
patches after injection of peginterferon alfa 2b which using  0.2  µ  filter  and  were   aliquoted   in   glass  vials
ultimately come out to be generalized rash [18]. As for  analysis  at  different time points as mentioned in
peginterferon alfa 2b contains additional additives such Table  2.  The  filled  vials  were then incubated at 25 and
as sodium phosphate monobasic and dibasic, sucrose, 40 °C and withdrawn periodically for analysis as enlisted
Polysorbate 80 etc. and some of these additives are in Table 2. 
reported to have hypersensitivity reactions. It could be The quality attributes of these formulations were
the same case if further diagnostic testing such as patch, evaluated by means of methods given below.
prick or intra-cutaneous testing would have been done. 

Due to raising concerns over usage of tween 80 in Methods: Sodium dodecyl sulfate Polyacrylamide Gel
protein formulations, the present study was carried out to Electrophoresis (SDS PAGE):
evaluate its affect on the quality attributes of protein
during storage, in terms of aggregation, isomers profile, SDS PAGE was performed using 14% acrylamide gel.
oxidation and other types of degradation. Formulations The gel was loaded with 5µg of sample. The sample
without surfactant and with different non-ionic was run at constant voltage of 130 V and variable
surfactants were also studied in order to develop stable current of 200 mA. Visualization was done by silver
formulations for peginterferon. staining.

2 4 2 4

Table 1: Different compositions of peginterferon alpha 2b

S. No. Composition Type Excipients in formulations

1. Formulation A Phosphate buffer (10 mM) and sucrose (84.6 mg/ml)

2. Formulation B Phosphate buffer (10 mM), sucrose (84.6 mg/ml) and tween 80 (0.01 mg/ml)

3. Formulation C Phosphate buffer (10 mM), sucrose (84.6 mg/ml) and poloxamer (0.01 mg/ml)

Table 2: Time points for withdrawal and Analysis

S. No. Formulations Type Storage temperature (°C) Time points for analysis (days)

1. A-C 25 0D, 4D, 7D, 14D

2. 40 0D, 4D, 7D, 14D

D Days
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Size  Exclusion     High-Performance   Liquid Effect of Surfactant on Aggregation, Depegylation and
Chromatography (SE-HPLC): SE-HPLCwas performed on Fragmentation During Storage: Non-reducing SDS
Agilent HPLC having temperature controlled autosampler PAGE results under non-reduced conditions are shown in
(4°C). This method employs TOSHO TSK 3000 SWXL Fig. 1a, 1b, 1c, 1d and 1e, where all formulations are
column, mobile phase of 100 mM sodium phosphate compared at different time intervals at both temperature
(NaH PO , 150 mM sodium chloride (NaCl), 10% ethanol levels.2 4)

(pH 5.0). The analysis was done in isocratic condition. The aggregation and depegylation of protein
The elution time for protein and its related impurities was increased in all the formulations at both the temperatures
between 12-25 min. but comparatively higher at 40°C as evidenced in Fig. 1.

Cation    Exchange     High-Performance   liquid and IFN (representative of histidine isomer) was found to
Chromatography (CEX HPLC): IEC was performed using be declining. The declination at 40°C was comparatively
a TOSOH SP-5PW column on an Agilent HPLC system. higher which could have a strong influence on biological
The mobile phase consist of binding buffer 3.7 mM activity of the protein. After 14 days of temperature
Sodium acetate (CH COONa, pH 4.3) and 10% ethanol and exposure, formulation B showed one band lower to native3

elution buffer containing 10 mM phosphate (pH 6.4) and IFN at 40°C (Fig. 1C, lane 15) which was not found in
10% ethanol. The elution was done by linear gradient of formulation A (Fig. 1C, lane 12) or C (Fig. 1e, lane 22). One
1% per minute with elution buffer. light fragment band was also observed in formulation A

Reversed    Phase     High-Performance   Liquid evidenced after 14 days (Fig. 1c, lane 12), so the band
Chromatography (RP HPLC): RP-HPLC was performed observed on 7  day is an outlier. Aggregation in all the
using a C18 column. Separation was achieved using a formulations at 40°C were observed in the order of---
linear gradient from 30 to 68% of mobile phase organic Formulation C > B > A, although it is observed same at
modifier (ACN + 0.1% TFA) in 33 minutes. 25°C. Depegylation (IFN) in all the formulations was

RESULTS AND DISCUSSION (Fig. 1a-1e). 

Effect of different surfactant on stability of are shown in fig. 2a, 2b, 2c, 2d and 2e, where all
peginterferon alpha 2b was studied under different formulations are compared at different time intervals of
environmental conditions. The impurities generated were both the temperatures. 
studied by SDS PAGE (under reducing and non reducing The depegylation is observed similar in case of all
conditions), RP-HPLC, SE-HPLC and CEX-HPLC. the formulations at  both  temperatures.  Fragmentation  is

At both the temperatures the smear between monopeg

at 40°C after 7 days of exposure (Fig. 1b, lane 9) but not

th

observed approximately similar at both the temperatures

The results of SDS PAGE under reduced conditions

Fig. 1(a-e): Non-reducing SDS PAGE profile of peginterferon alpha 2b (different formulations) at different temperatures
and time points. Lane 3, 8 and 13 contain molecular weight marker. Lane 1 and 2 contains Formulation A
(25°C; 4D) and Formulation B (25°C; 4D) sample respectively. Lane 4 to 7 contain Formulation A (25°C; 7D),
Formulation B (25°C; 7D), Formulation A (40°C; 4D) and Formulation B (40°C; 4D) samples, respectively.
Lane 9 to 12 contains Formulation A (40°C; 7D), Formulation B (40°C; 7D), Formulation A (25°C; 14D) and
Formulation A (40°C; 14D) samples respectively. Lane 14 to 21 contains Formulation B (25°C; 14D),
Formulation B (40°C; 14D), Formulation C (0 day), Formulation C (25°C; 4D), Formulation C (40°C; 4D),
Formulation C (25°C; 7D), Formulation C (40°C; 7D), Formulation C (25°C; 14D) and Formulation C (40°C;
14D) samples respectively.
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Fig. 2(a-e): Reducing SDS PAGE profile of peginterferon alpha 2b (different formulations) at different temperatures and
time points. Lane 3, 8 and 13 contain molecular weight marker. Lane 1 and 2 contains Formulation A (25°C;
4D) and Formulation B (25°C; 4D) sample respectively. Lane 4 to 7 contain Formulation A (25°C; 7D),
Formulation B (25°C; 7D), Formulation A (40°C; 4D) and Formulation B (40°C; 4D) sample respectively. Lane
9 to 12 contains Formulation A (40°C; 7D), Formulation B (40°C; 7D), Formulation A (25°C; 14D) and
Formulation A (40°C; 14D) samples respectively. Lane 14 to 21 contains Formulation B (25°C; 14D),
Formulation B (40°C; 14D), Formulation C (0 day), Formulation C (25°C; 4D), Formulation C (40°C; 4D),
Formulation C (25°C; 7D), Formulation C (40°C; 7D), Formulation C (25°C; 14D) and Formulation C (40°C;
14D) samples respectively.

observed in case of formulation A (Fig.1c, lane 12) and B in  aggregation  was  observed  as  shown in Fig. 3a, 3c
(Fig.1a, lane 15) after 14 days of exposure at both the and  3e.  One  extra  peak  (strike  in  Fig.  3c)  between
temperatures. The sign of fragment bands is significantly HMW species and monopeg (Retention time of ~17.5 min)
less in case of formulation A while the fragment bands was  observed  in  case of formulation B which
were observed significantly higher in case of formulation disappeared  at  14  days  at  both temperatures i.e. 25°C
B at 40°C from 7  day of exposure (Fig. 1b, lane 10). No and 40°C. This peak is observed to decrease continuouslyth

sign of fragment bands were observed in case of with time as seen in Fig. 3d. HMW species at retention
formulation C at both the temperatures. Fragmentation time of 12.5 (approx.) were observed to increase
order for all the formulations is as follows---Formulation considerably with time at 40°C in formulations (A and B)
B > A > C. A significant amount of fragmentation as  shown in  Fig.  3b  and  3d.  HMW species  adjacent
observed in case of formulation B which could be the to monopeg does not show any increase at any
cause of acetic acid or formic acid formation due to auto- temperature which implies that it is a dipeg. As seen in
oxidation of tween 80 [19]. These fragment bands were Fig. 3d, one pre-peak is also observed in case of
also observed at higher temperatures as the case of formulation  B  at  40°C which is not the case of
oxidized impurities in RP HPLC (Fig. 13c). These fragment formulation A  (Fig.  3b). This peak could be due to
bands seen at 40°C on 7  day and 15  day of exposure are formation of micelle or a new HMW species (yet to beth th

indicative of the IFN fragments co-eluting with characterized) and this peak is showing increase or
formulation buffer components as shown in Fig. 3d. emergence at 7  day and 14  day time point at 40°C. The

Size Exclusion High Performance Chromatography: The components are showing significant increase at 7  day
aggregation, depegylation and fragmentation of and 14  day time point at 40°C (Fig.3d). This increase is a
peginterferon formulations A, B and C were checked by clear indication of co-elution of fragments pertaining to
SE-HPLC at time intervals specified in Table 2. The interferon along with formulation buffer as clear fragment
representative chromatograms and trend analysis are band were observed at 7  day and 14  day time point of
mentioned below: 40°C in reducing gel (Fig. 2b, lane 10 and Fig. 2c, lane 15,

Overlapped Reference Chromatograms: Depegylation To identify an extra peak between HMW species and
(LMW species and IFN) is observed to increase at 25°C monopeg,  formulation  buffer  of  all  the  formulations
for  all  the formulations  while   no   significant  increase were run.

th th

peaks  which are labeled as formulation buffer
th

th

th th

respectively).
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Fig. 3a: Formulation A at 25°C b-Formulations A at 40°C, c-Formulations B at 25°C d-Formulations B at 40°C 

Fig. 4: Overlapped chromatogram of formulation A and B at Zero days against formulation buffers of both the
formulations

The  peak  shown  in  circle  is  extra  peak  observed A  is  due  to tween  80  as  only  difference  in formulation
in formulation B which is also observed in formulation A and B is the presence of tween 80. One peak (labeled as
buffer of formulation B (Fig.4). This result indicates that extra peak) is also observed at exact position of HMW
the  extra  peak  in  formulation B compared to formulation species  except  dipeg   in  case  of  formulation  buffer  of
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Fig. 5: Overlapped chromatogram of Formulation C against formulation buffer

Fig. 6: Trend analysis of aggregation (a), depegylation (b) and total purity (c) at 25°C.

formulation  B (Fig. 4). This result signifies that there surfactant is higher compared to formulation without
could be chances of overestimation of HMW species in surfactant which could be due to direct interaction of
formulation containing tween 80. A paper [20] by surfactant with the protein, resulting in an exposure of
Annabelle et al. on “Interaction of polysorbate 80 with buried and less reactive groups. These results are
erythropoietin” concluded that polysorbate 80 associates perfectly in correlation with the results obtained for IL-2
with erythropoietin in a defined stoichiometric ratio. It mutein during storage in presence of tween 80 [21]. The
could be the same case in this study also. aggregation at 25°C was not observed to increase while a

Formulation buffer of formulation C is also not significant increase at 40°C was observed since
having any co-elution with the peginterferon related hydrophobic interactions increases with increase in
substances as shown in Fig. 5. temperature. It is reported that poloxamer increases

The depegylation (Fig. 6a) in all the formulations is solubility of urease at 50°C but decreases its stability at
observed to increase at 25°C which contributes to 75°C [22], tween 20 at 0.03% reduces unfolding free
corresponding decrease in purity of Peg-IFN as shown in energy of rhIFNã [23]. This explains the destabilization of
Fig. 6b. The trend of depegylated species in formulation protein in presence of nonionic surfactants in a
B is showing considerable decrease in depegylated temperature dependent manner. The depegylation in all
species at 7  day time point (Fig. 6a) which could be due the formulations are observed to increase considerablyth

to fragmentation of interferon in formulation B as with time at 40°C (Fig.7b) while highest and lowest
fragmentation is observed from 7  day onwards (Fig. 2b, depegylation  is  observed  in  case   of   formulation Ath

lane 10). This is the same case as trend of purity of Peg- and formulation C, respectively. Same is the case at 25°C
IFN (Fig.6b). (Fig. 6a). 

As shown in Fig.7a, the aggregation was observed The degradation rate of Peg-IFN formulations was
to increase considerably with time at this temperature, calculated by trend of purity obtained at both
while the formulations containing surfactant were shown temperatures till 14 days. 
to have higher rate of aggregation. In Fig. 3d, the peak Degradation rate of Peg-IFN formulations at both the
observed at retention time of 10 min (approx.), is the one temperatures follows the order of Formulation C < B < A
which contribute to significant increase in aggregates of as shown in Fig. 8a and 8b. This degradation rate in all the
formulation B. The aggregation in formulations containing formulations  at  25°C is exclusively due to depegylation
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Fig. 7: Trend analysis of aggregation (a), depegylation (b) and total purity (c) at 40°C. 

Fig. 8: Degradation rate of formulation A, B and C at 25°C (a) and 40°C (b).

(Fig.6a and 6b) while at 40°C, both aggregation and (major isomer for biological activity) [24] which are as
depegylation (Fig. 7a-7c) contributes to degradation rate. follows:
As degradation rate of Peg-IFN formulation without
surfactant is showing highest degradation rate. So it is According to degradation rate calculated from trend
evident that surfactant helps in preventing depegylation analysis of all the formulations, formulation (A)
to some extent. As in our study, surfactant increases stands to be the best at both the temperatures (25
hydrophobic interactions between the protein molecules and 40°C), followed by formulation (C) and
and these interaction cause the unfolding of protein. So, formulation (B) which was found to be least stable
this loosening of protein fold and hydrophobic among all formulations. The degradation rate in
interactions by burying pegylation bond would prevent formulation B and C is observed to be higher
depegylation in the protein. Formulation C shows least compared to formulation A due to formation of
degradation rate. HMW species which were also observed by SDS

Effect of Surfactant on Isoforms Pattern During Storage: impurities due to auto-oxidation of tween 80 could be
The isoforms pattern and degradation rate of all the three the primary cause of major degradation associated
formulations of peginterferon alpha 2b was studied at 25 with formulation (B) at both the temperatures as
and 40°C by CEX HPLC. oxidized impurities, aggregates and fragments were

The histidine isomer in all the formulations was observed higher in case of formulation (B). These
observed to decrease with time at both the temperatures. results indicate that tween 80 can be safely omitted
The decrease in histidine isomer in all the formulations is from the formulation of peginterferon alpha 2b. 
considerably higher at 40°C compared to 25°C which is
the same case observed by SDS PAGE. Effect  of  Surfactant  on  Oxidation During  Storage:

The degradation rate in all Peg-IFN formulations was The effect of surfactant on oxidation of peginterferon alfa
calculated from the trend of decrease in histidine isomer 2b was studied by RP HPLC. 

PAGE and SE-HPLC. The generation of new
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(a) (b)

Fig. 9: Trend analysis of histidine isomer at 25°C (a) and 40°C (b).

Fig. 10(a-b): Degradation rate of Peg-IFN in all formulations A, B and C at 25°C (a) and 40°C (b).

The samples were analyzed by RP HPLC on First day (Fig. 12b) compared to that at 25°C (Fig. 12a). The
and 14  day for calculation of degradation rate. degradation rate in formulation (C) is observedth

The impurities are observed to increase in all the equivalent (Fig. 12a and 12b) at both the
formulations with time at both the temperatures. The temperatures. At 40°C, the rate of degradation (Fig.
impurities in formulation (B) were observed to increase 12b) in formulation (B) is almost double to that of
considerably higher compared to other formulations at formulation (A) and (C). 
both the temperatures. The trend is observed similar in
case of formulation A and C as shown in Fig. 11b while a As seen in Fig. 13b, no significant increase in related
slightly upward trend is observed in formulation A impurities except native molecule (IFN) was observed in
compared to formulation C at 25°C as shown in Fig. 11a. all Peg-IFN formulations at 25°C. IFN was found to

The degradation rate of Peg-IFN in all the increase which contributes further to the degradation
formulations was calculated from the trend of increase in phenomenon (shown in Fig. 12a). All formulations were
impurities. The chart of degradation rates are as follows: found to have an increase in related impurities at 40°C,

According to degradation rates calculated, observed in case of formulation B (Fig. 3c) which has
formulation (A) was observed to be the best among tween 80 in the formulation buffer. The presence of these
all the formulations which is also evidenced from impurities in formulation containing tween could be due
results of IEC and SDS PAGE. Although a slightly to auto-oxidation of tween which generates peroxide at
higher degradation, in case of formulation (A) was 40°C and this peroxide can be the root cause of oxidation
observed in comparison to formulation (C) at 40°C in formulation B. The polysorbates undergo autooxidation
but the difference (Fig. 12b) is not much significant [10] and cleavage at the ethylene oxide subunits [25, 26],
(0.03). The degradation rate for formulation (B) is as well as hydrolysis of the fatty acid ester bond [27].
found  to  be the highest at both the temperatures Autooxidation of ethylene oxide results in hydroperoxide
and  rate  of degradation is almost double at 40°C formation,  side-chain  cleavage  and eventually formation

while significant increase in oxidized impurities was
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Fig. 11: Trend analysis of related impurities by RP HPLC in Peg-IFN formulations A, B and C at 25°C (a) and 40°C (b).

Fig. 12: Degradation rate of Peg-IFN in formulations A, B and C by RP HPLC at 25°C (a) and 40°C (b).

Fig. 13: Overlapped reference chromatograms of formulations A, B and C at zero day (a) and 25°C;  15D (b) and 40°C;
15D (c).

of formic acid [19]. This hydroperoxide formation is known ethylene oxide subunits. This seems to be the case in this
to cause oxidation of proteins such as rhCNTF and rhNGF study where formulation B i.e., formulation containing
[13]. Storage of polysorbates at room temperature tween 80 was found to have less amount of oxidized
primarily results in hydrolysis of the fatty acid ester while impurities at 25°C (Fig. 13b) while it was higher at
storage at higher temperatures favors autooxidation of temperature  (40°C)  which  contributes  to  almost  double
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Table 3: Summary of quality attribute of three different formulations 

Formulations
------------------------------------------------------------------------------------------------------------------------------------------------------------

Quality Attributes Formulation A Formulation B Formulation C

Aggregation +++ + ++
Depegylation + ++ +++
Purity ++ ++ +++
Degradation + ++ +++
Histidine isoforms +++ + ++
Oxidatized impurity ++ + +++
Total 12 9 16

+++ is the best desired quality followed by ++ and +

(Fig. 12a and 12b) rate of degradation compared to that at subunits and oxidation rate is strongly temperature
25°C. This higher degradation rate at higher temperature dependent. The autooxidation of additive tween 80 is
is due to increase in autooxidation of ethylene oxide evidenced as the main cause for all types of degradation
subunits. No significant difference in impurities was such as aggregation, oxidation, fragmentation and loss of
observed in case of formulation C at 25°C and 40°C. This isomers in peginterferon. 
is also evident from the degradation rate of both the From  the  Table  3,  it  is  also  evident  that
temperatures specified in Fig. 12a and 12b. A slight Formulation  C  (10  mM  phosphate  buffer  containing
increase in impurities such as oxidized impurities of IFN 84.6   mg/ml   sucrose   and   0.01   mg/ml   poloxamer)  is
and post IFN peak in case of formulation A were observed the best among the three formulation buffers tried,
at 40°C compared to 25°C in case of formulation A which followed by Formulation A (10 mM phosphate buffer, 84.6
contributes to increase in degradation rate at 40°C (0.63) mg/ml sucrose) and Formulation B (10 mM phosphate
compared to that at 25°C (0.51). buffer containing 84.6 mg/ml sucrose and 0.01 mg/ml

Significant amount of oxidized impurities which is tween 80). 
observed in formulation B, increases the chance to Thus, it is suggested that tween 80 leads to
generate immunogenicity or other adverse reactions. generation of impurities in peginterferon preparations
These results are also supported with the case report which ultimately can be a cause of adverse reactions
published by Toney and Agarwal [18] suggesting the associated with peginterferon therapy. Poloxamer was
influence of additive on adverse reactions associated with found to be a better surfactant than tween 80, with respect
the patient. to promoting stability via generating less impurity.

CONCLUSION when developing peginterferon formulations. 
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