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Analysis of aluminium in rat following
administration of allergen immunotherapy
using either aluminium or
microcrystalline-tyrosine-based adjuvants

Background: Investigation into the absorption, distribution and elimination of
aluminium in rat after subcutaneous aluminium adjuvant formulation administration
using ICP-MS is described. Method & results: Assays were verified under the principles
of a tiered approach. There was no evidence of systemic exposure of aluminium,
in brain or in kidney. Extensive and persistent retention of aluminium at the dose
site was observed for at least 180 days after administration. Conclusion: This is the
first published work that has quantified aluminium adjuvant retention based on
the quantity of aluminium delivered in a typical allergy immunotherapy course. The
results indicate that the repeated administration of aluminium-containing adjuvants
will likely contribute directly and significantly to an individual’s body burden of
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Subcutaneous immunotherapy (SCIT) is a
highly effective treatment for IgE-mediated
allergic diseases, including venom anaphylaxis
and seasonal rhinoconjunctivitis, and provides
treatment for allergy by helping to rebalance
an individual’s immune response to allergens.
Immunotherapy is commonly administered by
subcutaneous injection of natural or modified
allergen extracts. Allergen immunotherapy is
typically performed over a long duration and
a patient can, in some instances, receive more
than 70 injections over a 5-year period [1].
Immunotherapy vaccines are often delivered in
gradually increasing doses during an up-dos-
ing phase until a maintenance dose is reached.
The ability to drive an antibody titre response
is greatly improved by the use of adjuvants,
the most common being aluminium hydrox-
ide. However, persistent granuloma formation
has been associated with this adjuvant [2] and
it has been suggested that aluminium has a
propensity to accumulate in tissues [1].

Currently, regulatory authorities set alu-
minium limits per dose, rather than per treat-
ment course. A maximum dose of 1.25 mg
AP+ in a single vaccine shot is permitted by
the US Code of Federal Regulations, which is
aligned with the WHO and European stan-
dards per single human dose of a product [3-5].
The limits were empirically selected from
safety data, adjuvanticity, and the risk/benefit
ratio. However, the current risk/benefit risk
assessment in the use of aluminium in longer-
course therapy has been challenged, since the
regulatory limits are set per dose and not per
treatment course [1].

No preclinical models on the localization
kinetics of aluminium after subcutaneous
injection, based on allergy formulations cur-
rently exist. The objective of this study was
to investigate the absorption, distribution and
elimination of aluminium in rat by induc-
tively coupled plasma MS (ICP-MS), based

on a typical human 3-year subcutaneous
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immunotherapy dose regimen adjusted by bodyweight
scaling.

Experimental

Standards & chemicals

High purity (99.999%) argon gas (BOC Gases, UK)
was used for ICP-MS analysis. ASTM Type I ultra-
pure water (>18 MQ) was provided in-house by an
Elga Purelab-Ultra system (Veolia Water Technologies,
UK). Aluminium and Scandium (internal standard)
Specpure® ICP-MS grade standard reference solutions
were obtained from Alfa Aesar. Electronic grade (25%
w/w) tetramethylammonium hydroxide (TMAH) was
obtained from Alpha Aesar, USA. Ethylenediamine-
tetraacetic acid (ACS Grade), ammonium chloride
(Trace Metal grade), phosphate-buffered saline (PBS)
and nitric acid (electronic grade) were obtained from
Sigma-Aldrich, UK. Solvable™ was obtained from Per-
kin Elmer, UK. Alhydrogel® 2% aluminium hydroxide
gel (Brenntang Nordic A/S) was obtained from Invi-
voGen, USA. A preparation of 2% Tyrosine solution
formulated for optimized depot adjuvancy known as
Micro-Crystalline-Tyrosine (MCT), birch allergen
extract concentrate and buffered saline solution (pH
6.0 with 0.5% Phenol) was supplied by Allergy Thera-
peutics, UK. The birch allergen extract concentrate was
chosen as the representative allergenic material and the
2% Alhydrogel (9-11 mg AlP*/ml) and 2% tyrosine
(MCT) solution as the depot adjuvants.

Dose formulation

The aluminium formulation was prepared by mixing
buffered saline (pH 6), birch allergen extract concen-
trate and Alhydrogel 2% aluminium hydroxide gel,
while the MCT formulation (aluminium-free adjuvant
comparator) was prepared by mixing buffered saline,
birch allergen extract concentrate and tyrosine solu-
tion (2%). The control dose formulation was buffered
saline solution. Samples of the prepared aluminium
formulation were analyzed for aluminium content by
a validated ICP-MS assay characterized for linearity
of response, repeatability of injection, sensitivity and
accuracy. Replicate aliquots (n = 3) of the aluminium
formulation were sampled (top, middle and bottom
of vial) on the day of preparation and demonstrated
that the formulation was homogenous for aluminium
content. In addition, replicate aliquots (n = 3) were
sampled after 3 days’ storage at ambient temperature
and demonstrated that the formulation was stable for
aluminium content when prepared as described.

Animals
Fifty-one male Han Wistar rats were obtained from
Charles River, UK Limited and acclimatized prior to

dosing. During this time the health status of the ani-
mals and their suitability for experimental purposes
was confirmed. The animals were housed up to five per
cage in solid floor cages containing suitable bedding.
They were kept in rooms thermostatically maintained
at a temperature of 19-24°C, with a relative humidity
of between 37 and 67%, and exposed to fluorescent
light (nominal 12 h) each day. Temperature and rela-
tive humidity were recorded on a daily basis. The facil-
ity was designed to give 15-20 air-changes/h. In order
to enrich both the environment and the welfare of the
animals, they were provided with wooden Aspen chew
blocks and polycarbonate tunnels. In order to reduce
the potential for contamination and further reinges-
tion of drug-related material, the bedding, chew blocks
and tunnels were replaced on the afternoon after dos-
ing and again on the following day. All animals were
allowed free access to commercial pellet diet, SQC Rat
and Mouse Maintenance Diet No 1 (Special Diets Ser-
vices, UK) and free access to mains water from bottles
attached to the cages. Bodyweights were recorded
the day after arrival and before dose administration
(nominal 220 + 40 g).

Each animal received a single subcutaneous admin-
istration on four occasions with a 3 or 4 day interval
between administrations. Doses were administered
into the subcutis at the nape of the neck at a nomi-
nal dose volume of 0.4 ml/animal. A summary of the
dosing is presented in Table 1. Final aluminium and
tyrosine concentrations (per dose) were calculated
using human/rat weight conversions to reflect a typical
3-year immunotherapy treatment in man.

Triplicate animals from aluminium formulation and
MCT formulation-treated groups were humanely sac-
rificed at 1, 3, 7, 14, 30, 45, 90 and 180 days after the
final dose administration. The three control animals
were sacrificed 24 h after the last administration of
control vehicle.

Animals were killed by intraperitoneal barbiturate
overdose followed by cervical dislocation and sever-
ance of the major blood vessels of the neck. At sacri-
fice, a terminal blood sample (up to 2 ml) was collected
from each animal into tubes containing lithium hepa-
rin anticoagulant and kept at room temperature. Half
of the sample was removed and retained as whole blood
while the remainder was processed to prepare plasma.
Following centrifugation, remaining blood cells were
discarded and the plasma transferred to polypropyl-
ene tubes. Blood and plasma was retained and stored
frozen at a temperature of less than -50°C prior to
ICP-MS analysis. Brain, bone, muscle, liver, lung and
kidney were harvested by dissection and stored frozen
at a temperature of less than -50°C prior to analysis,
together with the remaining animal carcasses.
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Table 1. Subcutaneous administration of aluminium, microcrystalline tyrosine and control

formulations to male rats.

Dose route Test substance Administered dose (adjuvant) Number of
mg/dose! mg/kg* animals

Subcutaneous Aluminium formulation 0.043 0.69 24

Subcutaneous MCT formulation 0.240 3.83 24

Subcutaneous Control vehicle 0 0 3

Birch extract concentrations were 20.8 ug/ml per injection in aluminium and MCT formulations.

*mg/dose based on a bodyweight of 250 g.

*Total mg/kg of adjuvant administered to each animal (over four subcutaneous injections).

During the course of the study, no overt pharma-
cological or toxicological signs that could have been
attributed to the administration of Aluminium or
MCT formulations were observed in the test animals.

ICP-MS analysis of aluminium
All analysis was performed in a dedicated ACDP (UK
Advisory Committee on Dangerous Pathogens) Class
IT bio-facility and all sample processing and digestion
was performed inside Class I HEPA filtered biosafety
cabinets to minimize the risks of contamination. All
elemental reference standard preparation (Al and Sc)
was performed in a separate and dedicated laboratory
to further eliminate the potential for sample contami-
nation. All solutions, reference standards, sample col-
lection, processing, digestion and analysis processes
were performed in polypropylene labware to remove
any potential for aluminium background interference
arising from laboratory borosilicate glassware.
Aluminium at m/z 27 and scandium at m/z 45 were
measured using an Agilent 7700x ICP-MS instrument
(Agilent Technologies UK Ltd) equipped with a Cetac
ASX520 autosampler, ISIS (Intelligent Sample Intro-
duction System), Octopole Reaction System (ORS?),
nickel sampling and skimmer cones and MicroMist
quart nebulizer set at 2°C. The ICP-MS was operated
at 1550 W in Helium cell gas mode (at 4.3 [/min) to
reduce polyatomic interferences. The system was con-
trolled using Agilent MassHunter (version B.01) soft-
ware. The integration time was 0.3 seconds/point,
one point per mass and three replicates per analysis.
All regression and quantitation was performed using
Watson LIMS version 7.4.1 (Thermo Fisher Scientific,
USA).

Blood & plasma

An investigative ICP-MS method for quantification of
aluminium in rat lithium heparin blood and plasma
was developed. In summary, an aliquot (0.1 ml) of
sample was mixed with 4.9 ml of 1% TMAH/1%
EDTA containing Scandium internal standard and
digested in polypropylene tubes at ambient tempera-

ture before being analyzed for aluminium content by
ICP-MS. Calibration samples were prepared in PBS at
concentrations of 10, 25, 50, 100, 250, 500, 1000 and
2500 ng/ml and analyzed in duplicate. QC samples
were matrix matched and prepared in rat plasma and
blood at final aluminium concentrations of 25, 250
and 2000 ng/ml.

Kidney & brain

Investigative ICP-MS methods for quantification of
aluminium in rat kidney and brain were developed. In
summary, rat kidney or brain was homogenized in two
volumes of PBS using an Ultra-Turrax homogeniser
(IKA Werke GmbH, Germany). An aliquot (0.1 g) of
sample was mixed with 350 pl of PE Solvable™, rotary
mixed, incubated for 15 min at approximately 50°C,
rotary mixed again and then diluted with 4.9 ml of
1% TMAH/1% EDTA containing Scandium internal
standard. The sample was then further digested for 1
h at ambient temperature before being analyzed for
aluminium content by ICP-MS.

Calibration samples were prepared in PBS at con-
centrations of 10, 25, 50, 100, 250, 500, 1000 and
2500 ng/g and analyzed in duplicate. Quality con-
trol samples were matrix matched and prepared in rat
kidney or rat brain homogenate at final aluminium
concentrations of 25, 250 and 2000 ng/g.

Subcutaneous dose site
An investigative ICP-MS method for quantification of
aluminium in subcutaneous dose site was developed.
In summary, the excised subcutaneous (sc.) dose sites
were digested in polypropylene tubes for at least 4 h
at 60°C in 3 volumes of 70% electronic grade nitric
acid. An aliquot (30 pl) of each digest was diluted
with 20 pl of 2% nitric acid and then mixed and fur-
ther digested with 1.9 ml of 2% nitric acid containing
the Scandium internal standard. Samples were then
analyzed for aluminium content by ICP-MS.
Calibration samples were prepared in 2% nitric acid
at concentrations of 10, 25, 50, 100, 250, 500, 1000 and
2500 ng/ml and analyzed in duplicate. Quality control
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samples were prepared in rat liver homogenate at final
aluminium concentrations of 25, 250 and 2000 ng/g.
The rat liver homogenate was chosen as a surrogate
of subcutaneous tissue since control tissue to prepare
direct matrix-matched QC samples was not available.

Statistical analysis

Bias or percent bias (%Bias), a term commonly used
in bioanalysis to describe the accuracy of the mea-
sure versus the known or theoretical concentration,
was calculated as ([measured concentration — known
concentration]/known concentration) x 100. The rela-
tive standard deviation (RSD%), used to describe the
precision of the measurement, was calculated from the
standard deviation of the measurement results divided
by the mean of the measurement results and expressed
as a percentage.

Results & discussion

During development of the ICP-MS assay for alumin-
ium in plasma, but prior to entering the formal regu-
latory compliant assay validation phase (6.7], selected
study samples were assayed to ensure that the final
assay would have the required sensitivity and dynamic
range to support the needs to the project. Unexpect-
edly, all results obtained during that initial assessment
were below the LLOQ (10 ng/ml) and it was decided
not to continue with the series of regulatory assay vali-
dations (plasma, blood, tissue) but to proceed with fit
for purpose investigative assays, in line with the con-
cepts of a ‘tiered approach’ to bioanalysis [8-12]. While
the precision and accuracy of each assay was not fully

characterized, especially at the LLOQ, these ‘fit for
purpose’ research assays were sufficient to investigate
aluminium exposure in biological fluids and tissues
and locate the administered aluminium dose.

The investigative assay for aluminium was verified
with replicate (n = 6) QC rat plasma samples at 25,
250 and 2000 ng/ml (Table 2) versus a linear calibra-
tion curve (weighting 1/concentration) over a dynamic
range of 10 to 2500 ng/ml in PBS. Study samples col-
lected at 1, 14 and 45 days after sc. administration of the
aluminium formulation were analyzed and all results
were less than LLOQ (10 ng/ml). In view of these
plasma results, selected rat blood samples collected at 1,
14 and 45 days after sc. administration of the alumin-
ium formulation and at 1 day after administration of
the MCT formulation were analyzed using the inves-
tigative assay for aluminium in rat blood. Once again,
a linear calibration curve (weighting 1/concentration)
over a dynamic range of 10 to 2500 ng/ml in PBS was
used. Quality control blood samples (n = 2 per level) at
25, 250 and 2000 ng/ml were analyzed with the study
samples and had bias versus nominal of -18.4, -1.2 and
-3.5%, respectively. All blood samples had aluminium
concentrations of less than LLOQ (10 ng/ml).

However, ‘absence of evidence is not evidence of
absence’ [13]. Aluminium is one of the most challeng-
ing elements to detect and quantify at trace levels by
ICP-MS, with LLOQs similar to our assay reported
elsewhere [14.15]. As such, with no apparent systemic
exposure of aluminium which may have been a result
of the concentrations being below our limit of detec-
tion for aluminium by ICP-MS, the investigation

Table 2. Verification of investigative assays for aluminium in rat plasma, kidney and brain.

Plasma
Theoretical concentration (ng/ml) 25.0 250
Found conc. (ng/ml)
#1 20.0 258
#2 24.4 259
#3 23.7 256
#4 19.8 244
#5 28.3 237
#6 27.0 269
Mean 239 254
Standard deviation 3.50 1.5
RSD (%) 14.6 4.5
%Bias -4.4 1.6
n 6 6
TOutlier excluded from statistical calculations

Matrix
Kidney Brain

2000 25.0 250 2000 25.0 250 2000
1930 342" 340 2410 16.3 221 1890
1950 119 349 2400 15.9 236 2120
2180 103 363 2460 20.5 227 2140
2080 60.8 269 2320 10.7 227 1950
1910 141 310 2370 145 244 2150
2120 93.5 316 2330 13.4 240 2160
2030 103 325 2380 15.2 233 2070
113 299 337 52.7 3.28 8.87 117
5.6 28.9 104 2.2 21.6 3.8 5.7
1.5 314 30.0 19.0 -39.2 -6.8 3.5
6 5 6 6 6 6 6
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Table 3. Calibration data for aluminium (in 2% nitric acid) used for subcutaneous dose site analysis.

Concentration (ng/ml) 10.0 25.0 50.0 100 250 500 1000 2500
Run 1 24.6" 31.3 43.3 79.6 183" 562 988 2480
41.41 33.1 1107 84.2 190 353" 1060 2500
Run 2 25.0° 25.4 419 97.5 252 483 986 2450
12.0 36.8" 53.9 89.3 228 522 1120 2470
Mean 12.0 29.9 46.4 87.7 223 522 1040 2480
Standard deviation NC 4.03 6.56 7.67 31.3 39.5 64.3 20.8
RSD (%) NC 13.5 141 8.7 14.0 7.6 6.2 0.8
%Bias 20.0 19.6 -7.2 -12.3 -10.8 4.4 4.0 -0.8
n 1 3 3 4 3 3 4 4
'Excluded from calibration model (exhibited high percent differences vs nominal).
NC: Not calculated

focused on whether any so far undetectable systemic
aluminium had accumulated in rat kidney, the major
organ for aluminium elimination [16] or in rat brain.

The investigative assays for aluminium in rac kid-
ney and brain homogenate were both verified (Table 2).
Calibration was performed over a dynamic range of 10
to 2500 ng/ml in PBS (linear 1/concentration weight-
ing). Rat kidney QC homogenate samples (n = 6/level)
at 25, 250 and 2000 ng/ml had bias versus nomi-
nal of 314, 30.0 and 19.0%, whereas the rat brain
QC homogenate samples (n = 6/level at 25, 250 and
2000 ng/ml) had bias versus nominal of -39.2, -6.8
and 3.5%, respectively.

For kidney, analysis of study samples collected 1 day
after sc. administration of aluminium or tyrosine
adjuvant formulations could not detect aluminium.
Similarly, rat brain samples collected 90 days after
dosing could also not detect aluminium. However, it
was noted that the kidney and brain tissue assays that
used Solvable™ to digest the solid material were more
variable and higher limits of quantification of 50 and
25 ng/g were achieved, respectively. Although, consid-
ering that aluminium was still undetectable in study
samples, the performance of these investigative ICP-
MS methods were sufficient for the purposes of this
study.

At this point, with no evidence of systemic circu-
lation or distribution and accumulation of alumin-
ium into tissues, or assays with an insufficient limit
of detection for aluminium, it was decided to excise
the sc. dose sites from the stored and frozen animal
carcasses. The Alhydrogel adjuvant is an aluminium
hydroxide wet gel suspension which has a particle size
distribution (~2-10 um) comparable to the size of
microorganisms and is adequate for uptake by phago-
cytosis by antigen presenting cells 1718]. In addition,
aluminium hydroxide has a very low solubility at phys-
iological pH [19] and as such, the aluminium adjuvant

may well have become localized at the sc. dose sites.
Whilst not an impossible task, the sc. dosing on four
separate occasions into the nape of the neck meant that
accurate excision of the whole dose site without any
visual indicator was physically difficult. The dose sites
were excised on two separate occasions; those from alu-
minium and MCT treated animals at 1 day after dos-
ing were excised first and then those from aluminium
treated animals at 7, 14 and 180 days after dosing later.
The average mass excised differed between the two
groups, with the day 1 samples averaging 7.4 g, while
the day 7, 14 and 180 day samples were over twice as
large (average 17.5 g).

The sc. dose site samples were analyzed together
with rat liver homogenate QC samples (n = 2 per level)
at 25, 250 and 2500 ng/ml and a calibration curve (lin-
ear with weighting 1/concentration) over a dynamic
range of 10-2500 ng/ml in 2% nitric acid on two
separate occasions. Rat liver homogenate was used as a
surrogate matrix for the sc. dose site. The process of hot
incubation of the samples in concentrated nitric acid
ensured complete digestion and proved more reliable
than using Solvable™. The mean bias for the QC sam-
ples were 25.2, -30.4 and -18.8% at 25, 250 and 2500
ng/ml, respectively. The calibration data are presented
in Table 3 and demonstrated acceptable accuracy and
precision between 25 and 2500 ng/ml.

Significant aluminium concentrations were found
in the sc. dose sites of aluminium treated animals
and absent in both the MCT and control groups. The
aluminium concentrations detected by ICP-MS were
corrected for dilution to calculate the total mass of
aluminium associated with the dose site (1ug) and then
based on the known mass of aluminium administered
to each animal, calculated the percent administered
dose associated with that dose site (Table 4).

It was concluded that there was extensive and persis-
tent retention of aluminium at the subcutaneous dose
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Table 4. Concentration, mass and percent aluminium dose associated with subcutaneous dose sites.

Treatment Day Animal Aluminium Aluminium in  Percent dose Mean percent
(post dose) concentration sc. dose site at sc. dose dose at sc.
(ng/ml) (ng) site dose site
Aluminium 1 111M 1273 52.3 35.6% 36.9
adjuvant 112M 1745 45.1 33.4%
formulation
113M 2501 55.2 41.8%
7 131M 1380 74.9 55.5% 78.6
132M 1717 112 76.2%
133M 2150 135 104%
14 141M 1540 117 83.0% 79.9
142M 2000 120 87.6%
143M 1512 91.2 69.1%
180 181M 600 56.4 40.6% 48.9
182M 1020 69.5 47.3%
183M 967 86.9 58.7%
MCT adjuvant 1 211M <LLOQ ND ND ND
formulation 212M <LLOQ ND ND
213M <LLOQ ND ND
Control 1 301M <LLOQ ND ND ND
formulation 302M <LLOQ ND ND
303M <LLOQ ND ND
ND: Not detected; sc: Subcutaneous.

sites after aluminium adjuvant formulation administra-
tion. The lower percent aluminium dose measured on
day 1 compared with days 7, 14 and 180 was attributed
to the lower mass of the excised biopsy (approximately
7.4 vs 17.5 g) and high likelihood, given the difficult
challenge this presents, that some of the day 1 dose
site may not have been completely excised. Neverthe-
less, samples were consistently excised yielding reliable
and reproducible data that exhibited 49% retention
of the aluminium dose at 180 days after administra-
tion (Figure 1) and it was estimated that approximately
62 weeks would be required to eliminate 95% of the
administered aluminium dose (extrapolated from
day 14 and day 180 data).

Considering that the typical lifespan of male Han
Wistar rats is between 108 and 112 weeks, the per-
sistence of aluminium remaining at the sc. dose site
at 180 days (~26 weeks) after administration and
extrapolated elimination to approximately 62 weeks is
worthy of further investigation.

Within the vicinity of the sc. injection site, the bio-
logically available (i.e soluble) forms of aluminium will
consist of aluminate (AI(OH)%(aq)) in equilibrium
with AI** and its hydrolysis products [19.20]. However,
the dissolution is thought to be relatively slow because

of the kinetic inertia of aluminium and the likely pro-
tection of dissolution sites on the aluminium salt by
adsorbed and/or occluded allergen [20]. Although this
preclinical design differs compared with a typical
human immunotherapy, the number of injections the
rats received (four in total over 2 weeks) corresponds
to 1.5 human years. While a typical immunotherapy is
administered over 3 years, an updosing phase is typi-
cally undertaken which consists of weekly injections
(up to 3 each day). As such, a typical patient will expe-
rience a burgeoning concentration of aluminium dur-
ing updosing and while a small proportion of injected
aluminium will be present close to the injection site
in a rapidly biologically available form, AP** (aq), the
majority of injected aluminium will be present as
insoluble particulates. Although the injections of alum
are relatively higher per injection in the rat model, the
interstitial fluid (receiving tissue) should in theory be
continuously replenished faster in a rat than in human.
This replenishment of the receiving tissue will contain
soluble ligands for AI** (amino and carboxylic acids,
albumin, fibrinogen), as well as anchored ligands [20].
These interactions present a dispart kinetic relation-
ship between rat and human model, whereby the rat
metabolic rate and protein turnover is much faster.
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Extrapolation of this data to man, based on the
duration observed in the rat [21], would predict that an
aluminium-containing adjuvant would be retained at
the sc. dose site for up to 37 years. While the authors
have discovered no similar work has been published in
rat, the dissolution, absorption, distribution and elimi-
nation (ADME) of aluminium-containing adjuvants
in female rabbits using *°Al and accelerator MS (AMS)
has been reported [22]. In that study, intramuscular
administration of Aluminium hydroxide at a dose of
approximately 0.34 mg/kg revealed very low systemic
concentrations in blood (<2 ng/ml) and only 17% of
the dose absorbed from the dose site within 28 days.
However, the formulation (total dose received) used
there is not comparable to this study.

In humans, although the absorption of aluminium
by both enteral and inhalation routes are low, the
health implications of aluminium exposure are well
documented [23]. In addition, aluminium-containing
adjuvants have frequent and widespread use in both
vaccination and allergy immunotherapy. While both
the European Food Standards Agency (EFSA) [24]
and the European Medicines Agency (EMA) 5]
have defined an aluminium safety criterion as ‘toler-
able weekly intake’ (TWI) for human oral exposure
(1 mg/kg/week by diet), macrophagic myofasciitis [25],
granuloma [2¢], subcutaneous nodules [2728] and ASIA
(Autoimmune/inflammatory Syndrome Induced by
Adjuvants [29]) have been attributed to the persistence
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of aluminium after intramuscular administration of
aluminium-containing adjuvants. However, evidence
in causal relationships with aluminium in this con-
text is pending. The positive benefit/risk assessment of
aluminium use in essential prophylactic vaccinations
far outweighs any theoretical concerns. However in
long-course SCIT, given the complexity and issues in
monitoring aluminium accumulation and long latency
periods associated with the development of diseases,
the repeated administration presents a scenario which
warrants further research, consideration and transpar-
ency on what is known and not known about its long-
term risks in both children and adults, thus paving
the way for a more robust risk/benefit assessment and
biomonitoring during SCIT trials.

Conclusion & future perspective

The presented analysis of aluminium in biological flu-
ids and tissues by ICP-MS, whilst not strictly following
the EMEA or US FDA bioanalytical method valida-
tion guidance, demonstrates that applying a ‘tiered
approach’ to bioanalysis can offer both the sufficient
flexibility and quality to perform scientific investiga-
tion. Furthermore, in keeping with a recent European
Bioanalytical Forum Workshop on enhancing the
Pharma/CRO interface, clear communication, will-
ingness from both parties to be flexible and a shared
level of scientific trust is required when such close
investigative collaborations are required.

0 T T T
0 30 60 90

T T T
120 150 180

Days after aluminium administration (sc.)

Figure 1. Mean (xstandard error of mean) percent aluminium adjuvant dose associated with subcutaneous

dose site.
sc.: Subcutaneous.
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Whilst ICP-MS, even the most advanced 3rd genera-
tion instruments, cannot compete with AMS for abso-
lute sensitivity, the technique does provide a useful ana-
lytical tool for the measurement of elements in biological
fluids [30). Further investigation into the absorption,
distribution and elimination of aluminium-containing
adjuvants after parenteral administration (at higher
doses) by ICP-MS may be warranted. In addition, tech-
niques such as microtome sectioning and laser ablation
inductively coupled plasma MS (LA-ICP-MS) may be
valuable for bioimaging the aluminium distribution at
the sc. dose sites and surrounding tissues [31. However,
for the definitive characterization of the absorption, dis-
tribution and elimination of an aluminium-containing
adjuvant in rat at a relevant clinical immunotherapy
dose, the sensitivity of AMS will be required.

The results described herein provide some further
insight into the dissociation and distribution of alu-
minium hydroxide particulates after subcutaneous
administration in the rat. This investigation and con-
firmation that the aluminium-containing adjuvant was
localized at the dose site is somewhat unexpected, espe-
cially since well-established biodegradable depots, such
as microcrystalline tyrosine, provide a suitable sustained
release with far shorter half-life (48 h) dissolutions at the
injection site in a rodent model [32]. It should be noted
that until recently the ‘depot effect’” was considered the
classical mechanism of adjuvants. However, the general
consensus has shifted and there is indeed no definitive
evidence that depot effect significantly contributes to
adjuvant activity [33].

While there is insufficient data to fully predict the
absorption and elimination of aluminium-containing
adjuvants in man, the results of this study are consis-
tent with the likely prolonged retention of aluminium at
the dose sites following subcutaneous or intramuscular
administration.

Although aluminium is nontoxic under most expo-
sure conditions in man [2,34], it is not an essential ele-

ment for biological processes [35], and as such the bio-
logical impact of any aluminium exposure is uncertain.
Based on the duration and frequency of doses used in
clinical subcutaneous immunotherapy, the repeated
administration of aluminium-containing adjuvants
will likely contribute directly and significantly to an
individual’s total body burden of aluminium (36-38].
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individual’s total body burden of aluminium.

e To investigate the absorption, distribution and elimination of aluminium in rat after aluminium adjuvant
formulation administration at doses designed to mimic a typical human 3 year subcutaneous immunotherapy

¢ Inductively coupled plasma MS (ICP-MS) quantification of aluminium in biological fluids and tissues. Assays
verified under principles of a ‘tiered approach’ for purposes of scientific investigation.

¢ No evidence of systemic exposure of aluminium, in brain or in primary organ of elimination (kidney). Extensive
and persistent retention of aluminium at the subcutaneous dose sites.

e Based on the duration and frequency of doses used in clinical subcutaneous immunotherapy, the repeated
administration of aluminium-containing adjuvants will likely contribute directly and significantly to an
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