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A quantitative determination method for A

13* in immunobiological drugs using atomic absorption spectros-

copy with electrothermal atomization was developed. Conditions for the preparation of aluminum hydroxide
gel were selected [NaOH (5 M), heating in a boiling-water bath for 5 min followed by neutralization with
conc. HNO,]. The method was validated. The analytical range of Al** was established in the interval 10 — 50
ig/L. The accuracy and in-laboratory precision were confirmed. The results allowed the proposed method to
be considered an alternative for quantitative determination of AI** in immunobiological drugs.
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immunobiological drugs.

Aluminum hydroxide gel is a component of many
immunobiological drugs (IBDs), which include anatoxins,
vaccines against hepatitis B and A and tick encephalitis,
pneumococcal vaccines, combined vaccines, and the latest
generation of vaccines against coronavirus infection that are
based on synthetic peptides. Aluminum hydroxide gel re-
mains the most popular adjuvant and has a lengthy history of
use and proof of its immunological efficacy despite the con-
tinuous search and implementation into practice of new sub-
stances that increase the immunogenicity of IBDs. The al-
lowed content of aluminum hydroxide gel can vary from 0.2
to 1.7 mg/mL depending on the drug. An individual standard
confirmed by pharmaceutical development data should be
determined for each drug.

However, besides increased immunogenicity, aluminum
hydroxide gel in a drug may cause adverse local reactions
such as redness at the injection site, induration, and the pos-
sibility of developing inflammatory syndrome associated
with adjuvants [1 — 3].

According to pharmacopoeial requirements, quantitative
analysis of Al is an obligatory component of a quality assess-
ment. Correspondence of the content of aluminum hydroxide
gel or aluminum ions to the established standard is consid-

ered one of the important confirmations of the declared effi-
cacy and safety for use of drugs containing this adjuvant.?
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The traditional method for quantitative determination of
aluminum hydroxide gel in IBDs is complexometric titra-
tion.> However, incorporation of high-technology methods
with high sensitivity and specificity that ensure traceability
of results and minimize operator involvement by process au-
tomation is a growing trend in quality assessment of IBDs.

Currently, methods based on atomic absorption spectros-
copy are used for quantitative determination of AI*" in IBDs.
A distinctive feature of sample preparation for this method is
its length (4 h and more) using concentrated acids [4 — 7].

Instruments for atomic absorption spectroscopy are di-
vided according to the sample atomization method. Flame at-
omization reaches sample temperatures up to 2000 —
3000°C. For this, a flame of hot gases mixed with oxidants is
used. This method has several drawbacks. The main ones are
[8]:

1) low sensitivity;

2) problems with passage of particles through the illumi-
nated zone;

3) use of flammable gases for atomization.

Electrothermal atomization employs a graphite tube fur-
nace as the atomizer. This significantly reduces the physical
and chemical limitations of the process as compared to flame
atomization. For example, refractory elements and trace
quantities of analyte can be analyzed. Smaller samples can
be used for electrothermal atomization. This is an advantage
for working with a limited amount of material or an expen-
sive material. Also, the sensitivity of the method is increased
because of the simultaneous atomization of the whole sam-
ple, after which free atoms remain in the optical path for a
long time [9].

Thus, atomic absorption spectroscopy with electrother-
mal atomization has several advantages and is a promising
direction for development of new methods.

The aim of the present work was to develop a quantita-
tive determination method for aluminum ions in adsorbed
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drugs using atomic absorption spectroscopy with electrother-
mal atomization.

EXPERIMENTAL PART

The work used SRS 7758-2000 aluminum ions (EAA
Eco-analitika), nominal concentration 1000 mg/L; Al (ICP
Standard, Merck), nominal concentration 1000 mg/L; alumi-
num hydroxide gel, PRS 42-28-423-2019, batch No. 10
[composition: aluminum hydroxide gel (nominal concentra-
tion 1660 mg/L recalculated as aluminum ions), protein
(diphtheria anatoxin), trace quantities of formaldehyde,
thiomersal, 91.17 ig/mL as a preservative]; aluminum hy-
droxide gel, PRS 42-28-333-2019, batch No. 4 [composition:
aluminum hydroxide gel (nominal concentration 810 mg/L
recalculated as aluminum ions), protein (diphtheria
anatoxin), trace quantities of formaldehyde, thiomer-
sal, 193.81 ig/mL as a preservative); NaOH (Sigma-Aldrich);
HNO, (Merck); H,SO, (Sigma-Aldrich); HCI (Merck); Tri-
ton X-100 (Merck); solution for dilution.

The equipment included a GTA 120 Graphite Tube At-
omizer atomic absorption spectrometer (Agilent Technol-
ogies, USA) with electrothermal atomization, an autosam-
pler, and computerized data collection and processing; a PD
303S spectrophotometer (Apel, Japan), spectral range
340 — 1000 nm.

A method based on atomic absorption spectroscopy
(AAS) with electrothermal atomization was developed. The
method consisted in principle of passing radiation of a cer-
tain wavelength through a layer of atomic vapor produced
using the atomizer followed by measurement of resonance
line intensities due to absorption of the radiation by atoms of
a certain element [10]. The aliquot volume for the analysis
was 20 uL; analytical wavelength, 309.3 nm. These condi-
tions were chosen according to the recommendations of the
instrument manufacturer.

RESULTS AND DISCUSSION

Aluminum hydroxide gel is a colloidal system with parti-
cles of various sizes. The sample must be mineralized to dis-
solve the aluminum.

Solutions of both acid and base can be used to dissolve
Al because aluminum hydroxide gel is amphoteric.

For example, H,SO, is used to dissolve Al for determi-
nation of AI** by complexometric titration. However, it is not
used in atomic absorption spectroscopy with electrothermal
atomization because sulfate ions can have a chemical effect
on atomization of the sample and can create ionization inter-
ference, i.e., cause a so-called matrix effect.

HNO, was present in the solution for dilution. [The in-
strument manufacturer recommended diluting the sample
with a solution of Triton X-100 (1 mL) and conc. HNO,
(5 mL) in purified H,O (1 L). This composition allowed pos-
sible noise to be neutralized.] It is also preferentially used,
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like HCI, for quantitative determination of AI*" by atomic
absorption spectroscopy with plasma atomization. Thus,
HNO, and HCl of various concentrations and NaOH solution
were chosen for dissolution of the samples.

PRS 42-28-423-2019 was used as the sample because its
composition was typical of that of biological drugs. Besides
aluminum hydroxide gel, the PRS contained protein (diph-
theria anatoxin) and excipients. Next, test samples of the fol-
lowing composition were prepared:

1. Sample (1 mL)+HCI (37%, 1 mL) + purified H,O
(8 mL) according to the method for AAS with plasma atom-
ization (sample with HCI).

2. Sample (1 mL) + HNO, (65%, 60 uL) + purified H,O
(8.94 mL) according to the method for AAS with plasma at-
omization (sample with HNO,).

3. Sample (1 mL) + NaOH (5 M, 0.3 mL) + purified H,O
(8.7 mL) (sample with NaOH).

A concentration of 5 M was used to study dissolution of
aluminum hydroxide by NaOH to obtain primary data. This
concentration was chosen to increase the accuracy of the ad-
dition with the minimal volume of added solvent. The vol-
ume of 5SM NaOH was chosen so that the mole ratio of
AI*":NaOH concentrations would be close to the A13+:HZSO 4
ratio (1:20) in the pharmacopoeial complexometric titration
method [11].

4. A control sample used sample (1 mL) + purified H,O
(9 mL).

The test samples were stored for 30 min in two regimes,
i.e., without heating and with heating for 30 min in a boil-
ing-water bath. The degree of dissolution was evaluated in
percent relative to the optical densities of samples with the
reagent for dissolution to the optical density of the control
sample at 540 nm [12]. The reference solution was purified
H,O (Table 1). It is noteworthy that this method was used for
an instrumental approximation of the different efficiencies of
the proposed methods for sample dissolution. Thus, the per-
centages given in Tables 1 —3 are a rough comparison and
did not affect the quantitative evaluation of AI*" by AAS and
could not be considered a quantitative characteristic of the
degree of dissolution with the established precision.

TABLE 1. Degree of Sample Dissolution as a Function of Dissolu-
tion Reagent and Heat-Treatment Regime (n = 2)

Regime “without heat” Regime “heating for 30 min”

Solvent Optical Degree Optical Degree
density at  of dissolution, density at  of dissolution,
540 nm % 540 nm %
Control 0.051 0.0 0.050 0.0
HCI 0.039 23.8 0.009 53.8
HNO; 0.049 3.0 0.016 20.5
NaOH 0.045 10.9 0.008 59.0
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TABLE 2. Degree of Sample Dissolution as a Function of Mole
Ratio of Dissolution Reagent and Aluminum Hydroxide (n = 2)

Moles Optical density at 540 nm Degree of dissolution
of dissolution
reagent per mole
of aluminum HCl NaOH HCl NaOH
hydroxide

0 0.031 0.031 0.0 0.0

1 0.011 0.009 65.6 71.0

10 0.015 0.005 52.5 83.9

25 0.013 0.003 59.0 90.3

50 0.015 0.002 50.8 90.3

100 0.011 0.002 65.6 90.3

Table 1 presents the data used to select the reagents giv-
ing good degrees of dissolution of aluminum hydroxide gel
in heating mode, i.e., HC1 (53.8%) and NaOH (59.0%).

The next stage of the work was the selection of the mole
ratio of the reagent for dissolution giving the maximum dis-
solution of the gel and aluminum hydroxide (Table 2).

Table 2 shows that a 25-fold excess of NaOH was the
mole ratio that provided the maximum gel dissolution.
Greater than 90% of the gel was dissolved after heating for
30 min in a boiling-water bath. Increasing the base concen-
tration further did not affect the result.

The sample dissolution time was also an important factor
in sample preparation. Table 3 presents the degrees of gel
dissolution as a function of heating time in a boiling-water
bath.

Table 3 shows that heating for 5 min was required for the
maximum dissolution of the gel in a sample containing
NaOH. The degree of gel dissolution was ~37% after pro-
longed heating of samples containing HCI. This was substan-
tially below analogous values after using base. Also, the de-
gree of dissolution was not affected if the sample heating
time with NaOH was increased.

The high sensitivity of the instrument and the dilution
factor for sample preparation had to be considered for further

TABLE 3. Dependence of Degree of Dissolution on Reaction Mix-
ture Heating Time (n = 2)

Optical density at 540 nm Degree of dissolution

Heating
time, min HCI NaOH HCl NaOH
0 0.030 0.032 0.0 0.0
5 0.024 0.001 20.0 96.9
10 0.022 0.001 26.7 96.9
20 0.021 0.000 30.0 100.0
30 0.019 - 36.7 -

40 0.019 - 36.7 -
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Fig. 1. Dependggce of optical density of atomic vapor (4) at
309.3 nm on Al" concentration (C) in solution.

work. Solutions of the SRS diluted to concentrations of 5, 10,
20, 40, 60, 80, and 100 pg/L were analyzed because the ac-
ceptable sample dilution depended on the working (analyti-

cal) range of the method (Fig. 1).
Figure 1 shows that the dependence of the optical density

on AI*" concentration was linear in the range 0 — 60 pg/L.
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Fig. 2. Calibration curve [dependence of 0pt31+cal density of atomic
vapor (4) at 309.3 nm on concentration of Al (C) in solution].

The dependence became nonlinear at higher concentrations
and could not be described by a linear regression equation.
Thus, the section 0 — 60 pg/L could be considered a basis for
establishing the analytical range of the method. The limits of
detection and quantitation of the method did not have to be
evaluated for quantitative determination, like for analysis of

TABLE 4. Assessment of Accuracy of Aluminum Determination Method by Atomic Absorption Spectroscopy with Electrothermal Atomiza-

tion
Nominal - Theoretical Actual Actual concentration Percent
Sample concentration, "/?)lt}llit:r;nihal concentration, concentration,  considering dilution, (izc;gn detection,
mg/L ’ ug/L ug/L mg/L average
SRS 1000 80 25.6 28.7 1122.8 112.3 111.7
100 32.0 36.4 1138.4 113.8
120 38.4 41.9 1090.7 109.1
ICP 1000 80 25.6 28.6 1116.9 111.7 109.8
100 32.0 35.8 1118.7 111.9
120 38.4 40.7 1059.2 105.9
PRS 810 80 20.7 22.5 877.5 108.3 109.4
100 25.9 28.2 882.3 108.9
120 31.1 34.5 898.3 110.9
TABLE 5. Validation Parameters of Aluminum Determination Method by Atomic Absorption Spectroscopy
Parameter Metric Acceptance criterion Result
Linearity Visual evaluation of plot Linear regression 0.9968
Correlation coefficient R >0.985
Analytical range - - 5-60 pg/L
Repeatability Relative standard deviation <5.0% 3.14 %
In-laboratory precision Relative standard deviation <5.0% 4.74 %
Accuracy Mean value 85-115% 105.9-113.8%




Development of a Quantitative Determination Method

trace quantities of undesired impurities, because the alumi-
num hydroxide gel was a compound added to the drug in a
rather high concentration. Thus, the analytical range of the
method could be considered from 10 to 50 pg/L in concen-
tration steps of 10 pg/L for five calibration solutions if the
nominal concentration of the diluted sample after sample
preparation was 30 ug/L (Fig. 2).

Considering the above, the following sample preparation
procedure was proposed. Test samples containing Al**
(0.4 mL, ~1 mg) were treated with NaOH solution (0.35 mL,
20%). The mixture was heated in a boiling-water bath for
5 min. The mixture was cooled, treated with conc. HNO,
(0.5 mL) to neutralize the excess of base, adjusted to a vol-
ume of 25 mL with purified H,O, and diluted by ~500 times
(0.1 mL of sample in a 50-mL volumetric flask treated to the
mark with solvent).

Calibration solutions were prepared by treating the SRS
aluminum ions solution (0.4 mL) with NaOH solution
(0.35 mL, 20%), heating the mixture in a boiling-water bath
for 5 min, cooling, adding conc. HNO, (0.5 mL) to neutral-
ize the excess of base, and adjusting to 25 mL with purified
H,0. Aliquots (15.6, 31.3, 46.9, 62.5, and 78.1 uL) of the re-
sulting solution were taken and adjusted to 25 mL with the
reagent for dissolution of the samples to produce solutions of
concentrations 10, 20, 30, 40, and 50 pg/L.

Next, the method was validated according to
GPM.1.1.0012.15 “Validation of analytical methods™ [13]
and GOST 5725 [14], namely, its accuracy characteristics,
trueness and precision, were evaluated. The specificity of
this method was determined by a selective elemental analysis
method where the detection wavelength was narrowly spe-
cific for each actual element, in this instance, for Al*".

The precision of the method was evaluated for repeat-
ability (convergence) of the results and the in-laboratory pre-
cision. The repeatability was evaluated using a sample of
PRS 42-28-333-2019 (five parallel measurements) by a sin-
gle analyst during a single day. The in-laboratory precision
was evaluated using samples of PRS 42-28-333-2019 (10
parallel measurements) by two analysts (five measurements
each) on two days.

The accuracy of the method was evaluated by analyzing
samples with various concentrations (80 — 120% of the nom-
inal concentration, n=6) in the analytical range of the
method (Tables 4 and 5).

The obtained validation data (Table 5) were evaluated
according to recommendations in the SP RF [13].
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