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Abstract
Background: The term “allergen extracts” refers to solutions of proteins or glycopro-
teins extracted from source raw materials.
Objectives: This study was planned to prepare chemically stable sublingual immuno-
therapy from different allergens in Egypt.
Methods: Allergen extraction from raw materials. The concentrated aqueous extract 
of each allergen was mixed with an equal volume of glycerol. The protein content 
of the preparations was determined using the modified Lowry assay method. The 
prepared allergens were stored for 9 months at 2–4°C. Samples were analyzed peri-
odically (0, 3, 6, and 9 months of intervals) adopting the Lowry Assay method. Levels 
of specific IgE to Chenopodium album antigens were measured in patients’ sera by 
ELISA.
Results: The concentration of all prepared allergens, as indicated by the concentra-
tion of the protein content, was found to decrease exponentially with time, implying 
first-order kinetics of degradation. From the values of the slopes of the log plot for 
each allergen, the half-life time (t1/2) and (t1/4) values were calculated. The expiration 
date was considered as the time after which the allergen loses 25% of its potency. The 
obtained values of t1/4% vary according to the type of vaccine. The most stable one 
is that of Chenopodium album pollens (2.4 years) and the least stable is that of house 
dust Mites (9 months). The immunological characters of Chenopodium album extract 
were stable for at least 6 months.
Conclusion: Differences exist among allergen extracts made by multiple manufactur-
ers. So, developments in studies on allergen preparation and characterization in a 
different locality are necessary.
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1  |  INTRODUC TION

Allergen immunotherapy (AIT) has been used to treat allergic dis-
eases since the early 1900s.1 The term “allergen extracts” refers to 
solutions of proteins or glycoproteins extracted from source raw 
materials.2

The allergenic content of the atmosphere varies according to cli-
mate, geography, and vegetation. The biological particles present in 
the atmosphere differ from place to place and today. They mainly 
depend on the season, vegetation growing in the surrounding loca-
tions, plant phenology, and meteorological conditions.3

The collection of raw materials for allergen preparation should 
be performed by qualified personnel, and appropriate measures 
should be taken to ensure correct characterization and quality check 
of source materials.2

The structure and properties of extract components may be in-
fluenced by many external factors, including allergen source (phylo-
genetic, geographic), pre-extraction procedures (milling, defatting), 
extraction conditions (time, temperature, pH, extraction solvent 
composition, degree of wetting, and mixing), post-extraction pro-
cessing steps (filtration), and storage conditions.4,5

Any protein in source material has the potential to elicit an IgE re-
sponse; however, in practice, the IgE-binding capacity of an allergen 
extract is related to the content of one or a few significant allergens, 
i.e., allergens to which most patients react with IgE. It is, therefore, 
essential that the standardization procedure ensures consistency, 
not only in the overall IgE-binding potency but also in the content 
and ratio of individual major allergens.6

Extracts prepared from a wide variety of allergenic raw materials 
are available at relatively low cost from numerous licensed manu-
facturers. However, differences may exist among products made by 
multiple manufacturers owing primarily to differences in raw material 
sources and extraction conditions.7 Studies addressing how antigens 
in extracts change under various storage conditions have provided 
general guidance for expiration dating, but the diversity of extracts 
and testing methods have been less than complete.8 Therefore, this 
study was planned to prepare chemically stable sublingual immuno-
therapy from different allergens in Egypt.

2  |  METHODS

This study was conducted in the allergen immunotherapy unit, Chest 
Medicine Department, Pharmaceutical Analytical Chemistry depart-
ment. Faculty of Pharmacy and parasitology department. Faculty of 
medicine. Mansoura University. The study was conducted within 
the Mansoura Institutional Research Board Ethics Committee (code 
number: PR.20.08.82).

2.1  |  Collection of raw materials

Raw materials were collected from the rural area in Dakahlia 
Governorate. Egypt.

2.1.1  |  Pollens

The pollens (Cinnamomum camphora, Chenopodium album, Pluchea, 
Amaranthus caudatus, Arundo, Cotton dust and hay dust) were col-
lected from sources native to the Egyptian environment. The pollens 
were stored in sealed containers at 4°C or at –20°C. Pollen grains 
were harvested from common grasses, weeds, and trees. The maxi-
mum level of contamination with pollen from other species must be 
<1%. The pollens were free from flowers and plant debris of the 
same species (with a limit of 5% by weight in most cases).

The polliniferous material is collected during the pollen season. To 
procure pollen, dried flowers were crushed gently, and the pollen thus 
released was sieved through 100, 200, 300 mesh/cm2 sieves. Pollen 
samples with a >95% purity were processed for allergen preparation.

Defatting
Pollens were defatted to remove the lipids and nonspecific irritants, 
using diethyl ether (3–4 times the volume of the material) by repeat-
edly changing the ether for a fresh lot till the ether became colorless. 
Defatted pollen was then dried in vacuum desiccators containing 
calcium chloride for 24–48 h, then stored in a dry airtight container 
at 4°C, till allergen extraction.

2.1.2  |  Animal emanations

Source materials should be collected only from healthy animals at 
the time of collection. The animal is kept in a clean environment until 
source material is harvested by shaving hair and epidermis from dif-
ferent areas of the animal body. The source material must be free from 
visible traces of blood, serum, or other extraneous materials. Source 
materials used in allergenic preparations should consist of dander. 
Hair of bird feathers was used, and the feather's shaft was discarded.

2.1.3  | Mites

Mites were collected by vacuuming carpet or soft furnishings 
for 2–3  min with filter paper in a filter apparatus attached to the 
head of a vacuum cleaner pipe. The dust collected in the filter was 
placed in a mesh container secured at the top of a funnel; a 1.5-ml 
Eppendorf was placed at the base of the funnel and used to col-
lect the mites after exposure of the dust to light and heat from a 
60-W lamp for 30 min. Identification of mite species was performed 
using a stereomicroscope (MSC-ST40, Bioevopeak, China) using lac-
tic acid for mite clearance.9 Blomia tropicalis was the predominance, 
and the remainder was a mixture of Dermatophagoides pteronyssinus, 
Dermatophagoides farina, and Tyrophagus species. The collected mites 
were cultured, dried, and stored at −4°C. The culture was main-
tained in flask plastic containers, with an opening at the top, cov-
ered by muslin to allow ventilation in an environmental incubator 
(GRW 500 CMP) at 25 ± 1°C, humidity 75 ± 5% r.h. and the dark-
ness Source material was obtained from either whole mite cultures 
or mite bodies. The medium was made of a mixture of wheat germ 
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(Sigma, USA), baker's yeast (Biospringer, France), and human skin 
scales. The wheat germ was autoclaved at 121°C for 20 min, while 
the baker's yeast was heated at 122°C for 2–3 min then at 100°C 
for 15 min before using to avoid their allergic.10 Source material was 
obtained from either whole mite cultures or from mite bodies.

2.2  |  Extraction of allergens

Allergenic proteins were extracted in phosphate-buffered saline 
(PBS, 0.1 M trisodium phosphate, 0.9 M NaCl, pH 7.2) 1:10 dilutions 
by continuous stirring for 18 h at 4°C. The extract was centrifuged 
at 13,751 g for 30 min at 4°C. Then, the supernatant was dialyzed 
in PBS and passed through 0.22-µm Millipore filter (Seitz-filter 
Germany, or Millipore Corp.) with the aid of an electric compressor 
through 0.22/m filters for sterilization and to remove contaminants. 
The sterility of extracts is checked for bacteria and fungi using suit-
able media as per the test requirements.

2.3  |  Preparation of sublingual Immunotherapy

The concentrated aqueous extract of each allergen was mixed with 
an equal volume of glycerol, mixed well, and kept in closed contain-
ers protected from light.

2.4  |  Determination of protein content

The protein content of the preparations was determined spectro-
photometrically using the modified Lowry assay method.11

Construction of Calibration graph:
Aliquots of bovine serum albumin (BSA), as standard protein, cover-

ing the working concentration range (9.0–70.0 μg/ml) were transferred 
into a series of 5-ml volumetric flasks. Two milliliters of 0.2 M sodium 
hydroxide and 0.3 ml of reagent A (consisting of 6% sodium carbon-
ate and 1.5% copper sulphate, using 3% sodium citrate as a solvent 
for both, in a ratio of 10:0.2) were added to each flask. After 10 min, 
0.1 ml of reagent B “Folin-Ciocalteu's Phenol” reagent was added, and 
the solutions were mixed well. After 30 min, the volume was com-
pleted with distilled water, and the produced blue color was measured 
spectrophotometrically at 750 nm against an appropriate blank solu-
tion prepared simultaneously. The measured absorbance was plotted 
versus the final concentration in μg/ml to get the calibration graph. 
Alternatively, the corresponding regression equation was derived.

In the same way, the samples were processed using aliquots cov-
ering the working concentration range. The nominal content of the 
allergen protein was determined either from the previously plotted 
calibration graph or using the corresponding regression equation. 
The protein nitrogen units (PNU) of the extracts were assessed after 
assessment of protein concentration (One PNU/ml is equivalent to 
1 × 105 mg).12

2.5  |  Chemical stability of the 
allergens and determination of their shelf life and 
storage conditions

The prepared allergens were stored for 9 months at 2–4°C. Samples 
were analyzed periodically (0, 3, 6, and 9 months of intervals) adopt-
ing the Lowry Assay method. The chemical stability of the prepa-
ration was assessed by applying the kinetics of the accelerated 
stability study.

Samples treated with 50% (v/v) glycerol were refrigerated at 4°C 
for the specified period, then left to acquire room temperature be-
fore analysis. The results obtained for each preparation were com-
pared with freshly prepared ones (0 time).

2.6  |  Immunological stability of Chenopodium 
album pollen

A skin prick test using the extract of Chenopodium album pollen 
grains (1:10 w/v) was performed on allergic patients. Skin reaction 
was graded compared to the negative control (glycerinated PBS) and 
positive control (histamine hydrochloride 1 mg/ml). Blood samples 
were collected from patients with positive skin tests sensitized to 
Chenopodium album extract. Levels of specific IgE to Chenopodium 
album antigens were measured in patients’ sera by indirect Enzyme-
linked immunosorbent assay (ELISA).13 Polystyrene microtiter plates 
(Nunc, Maxisorp, Denmark) were coated with 100 μl of Chenopodium 
album pollen extracts (20  μg/ml protein) in 100  mM carbonate 
buffer (15 mM Na2CO3 and 35 mM NaHCO3, pH 9.6), and the plates 
were incubated overnight at 4°C. The plates were washed with 
TBS-T (Tris-buffered saline containing 0.05% Tween 20, pH 7.6) and 
blocked with 1% BSA for 2 h at room temperature. The coated wells 
were washed with TBS-T and incubated with the diluted patient's 
sera (1:10) (in duplicate) overnight at 4°C. Wells receiving buffer only 
were used as negative controls. After five washes with T-TBS, 100 µl 
of diluted (1:1000) monoclonal antihuman IgE-alkaline phosphatase 
(Sigma-Aldrich, USA) was added to each well. The plates were fur-
ther incubated for 2 h at room temperature. For color development, 
100 µl of 4-nitrophenol phosphate (1 mg/ml) (Sigma Aldrich, USA) 
was added to each well, and the plate was incubated at room tem-
perature in the dark for 30 min. Optical density (OD405 nm), two 
times greater than the median values of the negative controls, was 
assigned as a positive interaction. OD values of Chenopodium album 
extract stored for 6 months were evaluated and compared to freshly 
prepared extract.

2.7  |  Dilution

Extracts that belong to a particular species and are obtained using 
sterile filtration are called pure extracts (used for research purposes). 
During diagnosis and treatment of allergies, dilution is necessary.
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COCA’s solution (1000 ml. contained 5-g NaCl, 2.75-g Na2HCO3, 
and 4-g phenol in distilled water) is the diluent solution used for ex-
tracts dilution in our laboratory. Thereafter, it was mixed with an 
equal volume of glycerol to prepare sublingual drops.

3  |  RESULTS

The absorbance of the colored products of all allergens was a lin-
ear function of their concentration over the range of 9.0–70.0 μg/
ml. Standard calibration graphs were obtained upon plotting the 
absorbance versus the corresponding concentrations. Linear regres-
sion analysis of the data gave the following equations.

Where X is the concentration of the allergen (μg/ml).
The analysis results of 12 different allergens adopting the modi-

fied Lowry assay method after 0, 3, 6 and 9 months of intervals were 
evaluated.

The concentrations of all prepared allergens (as indicated by the 
concentration of the protein content) were found to decrease ex-
ponentially with time, implying first-order kinetics of degradation 
(Figure 1).

The semi-logarithmic plots of the data according to the first-
order kinetics gave straight lines for all allergens confirming that the 
degradation pathways obey first-order kinetics (Figure 2). From the 
values of the slopes for each allergen, the half-life time (t1/2) values 
were calculated. The time after which the vaccine will be ineffective 
(expiration date) was considered as the time after which the aller-
gen loses 25% of its potency (t1/4). The results are also abridged in 
Table 1. The obtained values of t1/4 vary according to the type of 
vaccine. The Chenopodium album (2.4 years) is the most stable one, 
while the least stable is that of H.D. Mites (9 months).

The results of immunological stability of Chenopodium album pol-
len extract (the most chemically stable allergen extract in this study) 
showed that the immunological characters of Chenopodium album ex-
tract were stable for at least 6 months compared to the fresh extract 
prepared under the same preparation and storage conditions (Table 2).

4  |  DISCUSSION

Specific knowledge of the allergens in each environment is required 
to implement allergen-specific immunotherapy optimally. For exam-
ple, the different distribution of house dust mites and their species 
in other geographical locations affect the allergens in the environ-
ment and their use.14

Absorbance(A) = 0.0575 + 0.00748X R = 0.9989

F I G U R E  1 The allergen extract shows (follow) first-order kinetics where their concentrations decrease exponentially by time
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In Brazil, Lolium multiflorum is the leading cause of pollen al-
lergy. However, other allergenic grass species grow haphazardly in 
city suburbs and on abandoned plots of land, such as Anthoxanthum 

odoratum (sweet vernal grass) and Cynodon dactylon  (Bermuda 
grass).15,16 So, studies on allergen sensitization and characterization 
have increased our understanding of the grass pollen sensitization 
process in insensitive individuals.16

In Egypt, for example, Pluchea dioscoridis (L.) DC. Occurs 
mainly in the Nile region. The pollen grains of Pluchea dioscoridis 
are monads, isopolar, radially symmetrical.17 Giant reed (Arundo 
donax L.) is recorded as a natural species along canals, roadsides, 
railways, and wastelands in the Nile region, oases of the Western 
Desert, Mediterranean coastal strip, Sinai, and all the desert of 
Egypt.18

So, in this study, preparation of chemically stable sublingual 
immunotherapy from common allergens in Egypt was conducted. 
The total protein content of the prepared extracts was quantified 
by the modified Lowry assay method using bovine serum albumin 

F I G U R E  2 The semi-logarithmic 
plots of first-order kinetics treatment 
of the data of some allergens. C, Initial 
concentration, Ct, Concentration after 
time t. (A) Cinnamomum camphora, (B) 
Pigeon, (C) Chenopodium album, (D) 
Pluchea

(A)

0 5 10 15
0.00

0.01

0.02

0.03

0.04

0.05

Slope = 0.003238

Time months

C goL
°/

C
t

(B)

0 5 10 15
0.00

0.01

0.02

0.03

0.04

0.05

Slope= 0.003683

Time months

C goL
°/

C
t

(C)

0 5 10 15
0.00

0.01

0.02

0.03

Slope = 0.001952

Time months

Lo
g 

C
°/

C
t

(D)

0 5 10 15
0.00

0.01

0.02

0.03

Slope = 0.002349

Time months

Lo
g 

C
°/

C
t

Product of immunotherapy
K 
(month−1)

t1/2 
(months)

t1/2 
(years)

t25% 
(months)

t25% 
(years)

Cinnamomum camphora 0.0112 62 5.2 26 2.1

Pigeon 0.0131 53 4.4 22 1.8

Chenopodium album 0.0099 70 5.8 29 2.4

Pluchea 0.0105 66 5.5 27 2.3

House dust mites 0.0310 22 1.9 9 0.8

Amaranthus caudatus 0.0196 35 3.0 15 1.2

Arundo 0.0111 62 5.2 26 2.2

Hay dust 0.0148 47 3.9 19 1.6

Cotton dust 0.0243 29 2.4 12 1.0

Dog hair 0.0188 37 3.1 15 1.3

Wool 0.0167 42 3.5 17 1.4

Feather 0.0186 37 3.1 15 1.3

Note: t25% and t1/2 are the time required for decomposition of 25% and 50% of the product, 
respectively.

TA B L E  1 Chemical stability of studied 
allergen extracts

TA B L E  2 Immunological stability of Chenopodium album extract

Sample number of 
patient sera

OD 405 nm (mean ± SD)

% LossFresh samples 6 months

1 0.068 ± 0.007 0.069 ± 0.02 0

2 0.036 ± 0.01 0.031 ± 0.01 11

3 0.035 ± 0.02 0.034 ± 0.01 1.9

4 0.111 ± 0.01 0.067 ± 0.01 39

5 0.376 ± 0.04 0.248± 0.08 34

Total loss 17.9
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(BSA) as a standard. The extracts in this study were stable for at least 
9 months. The most stable one is the Chenopodium album (2.4 years), 
while the least stable is that of Mites (9 months).

Then, the immunological stability of the most chemically sta-
ble allergen in this study (Chenopodium album) was performed. 
Results of immunological stability showed that the immunological 
characters of Chenopodium album extract were stable for at least 
6 months.

Although Lowry method uses BSA standards for calibration, 
which can be a source of error as the composition of the protein of 
interest may not necessarily match that of the protein standards, it 
is almost 100-fold more sensitive than measuring the absorbance of 
proteins in the UV region at 280 nm.19 Also, in this study, the volume 
was adjusted with distilled water, then the produced blue color was 
measured at 750 nm against an appropriate blank prepared simul-
taneously. The measured absorbance was plotted versus the final 
concentration in μg/ml to get the calibration graph. These multiple 
sample dilutions covering the entire assay overcome the deviations 
from parallelism between extract samples and BSA standards and 
produce unbiased mean protein values.7

The Lowry method has been widely utilized for protein determi-
nation for several years due to its simplicity, sensitivity, and avail-
ability.20 Proteins need to be extracted efficiently to ensure that 
an accurate representation of allergenic proteins from the source 
material is obtained. Usually, the main goal in optimizing protein ex-
traction conditions is to get as much protein as possible.21

Wahl et al checked the reproducibility of the modified Lowry 
method with three independent measurements and concluded that 
protein measurements by the modified Lowry method of a six-grass 
pollen allergen extract in three different laboratories showed good 
reproducibility.22

Allergen stability is the persistence of adequate quantities of 
relevant antigens in an allergen vaccine from the time of initial assay 
to the time of clinical use. Allergen extracts are prone to degrada-
tion by proteases when stored alone or mixed with other extracts 
and may contain unstable allergens. Various preservatives and 
stabilizers, such as ε-aminocaproic acid, sucrose, glycerol, human 
serum albumin, and phenol, have been reported either alone or in 
combination as maintaining the potency of allergen extracts.23,24

The concentrated aqueous extracts in this study were mixed 
with an equal volume of glycerol. The protein content in prepared 
extracts was adequate from the initial assay to 6 and 9 months later. 
Also, according to Jeong et al.,25 the addition of 50% glycerol and re-
frigerated storage temperature were essential factors for increasing 
the shelf life of protease-rich cockroach extract.

Glycerol is reported to interfere with the estimation of protein 
by the Lowry procedure. The color development is decreased by 
the presence of glycerol in samples. This problem may be overcome 
using appropriate blanks and calibration curves.26

Several studies have studied the stability of allergens in distinct 
mixtures of immunotherapy vaccines. Those researches utilized 
commercial or noncommercial extracts.27

The deterioration of allergen extracts with time has long been 
identified. Loss of potency is mainly due to adsorption of protein 
onto the surface of the vial or presence, in some allergen extracts, of 
proteases that can break down allergenic proteins.28

However, standardization is not a precisely defined term, as 
different qualities of standardization are currently used by various 
laboratories and manufacturers of allergen extracts. It is therefore 
essential that even scientific laboratories describing new allergens, 
new aspects, or new processes establish internal standards that can 
be used and referenced in future work in a transparent manner. In 
Europe, each laboratory and manufacturer establish an in-house ref-
erence (IHR) preparation for each source material.6

Biological standardization, which primarily detects IgE-
binding potency, is generally conducted to evaluate the quality 
of allergen extracts. For  in vitro  standardization, competitive 
IgE-binding inhibition test (e.g., ELISA) has proven reliable and 
is mostly applied to measure total allergenic activity. Numerous 
biochemical and immunological methods, such as SDS-PAGE, 
immunoelectrophoresis, immunoblotting, mass-spectrometric 
analysis, and proteomic approaches, could be made to verify and 
control the consistent composition and activity of allergen prod-
uct. Nevertheless, IgE reactivity does not reflect the capability 
to cause allergic symptoms. The basophil activation test uses the 
similar mechanism as a skin test and is anticipated to consider the 
biological activity of allergens more directly, although it has not 
been commonly applied.29

This study had some limitations such as immunological stabil-
ity was conducted only on one allergen (Chenopodium album) and 
followed for 6 months only. Expansion of this study should include 
additional extracts.

5  |  CONCLUSION

Differences exist among allergen extracts made by multiple manu-
facturers. So, developments in studies on allergen preparation and 
characterization are necessary.

Determination of the persistence of adequate quantities of pro-
teins, by modified Lowry assay, in sublingual immunotherapy from 
the initial assay to about 9 months later provided general guidance 
for expiration dating.
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