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Introduction générale

En juillet 2023, le service de dermatologie de I'Hépital de la Croix-Rousse a Lyon, sollicite
la pharmacie a usage intérieur pour obtenir une solution stérile a base de chlorure
d’aluminium hexahydraté dosée a 50 % (m/v), pour les interventions chirurgicales mineures.

L'hémostase est un processus physiologique qui permet d’arréter I'écoulement du sang
en cas de blessure. Ce mécanisme est déclenché par la libération de facteurs de coagulation
dans le sang, favorisant la formation d'un caillot. Il se déroule en trois étapes principales
(Figure 1), précédées par une vasoconstriction transitoire.

L’hémostase primaire aboutit a la formation d’un thrombus plaquettaire blanc, aussi
appelé agrégat plaquettaire ou clou plaquettaire. Cette étape repose sur I'interaction entre les
plaquettes et les surfaces endothéliales. L’hémostase secondaire, ou coagulation, repose sur
I'action des facteurs de la coagulation qui activent la thrombine, qui, ultérieurement, active la
fibrine. Cette cascade de coagulation conduit a la formation d’un thrombus rouge, composé
essentiellement de globules rouges et de fibrine, qui consolide ainsi I'agrégat plaquettaire et
stabilise le caillot. Enfin, la fibrinolyse correspond a la lyse de la fibrine qui entraine sa
dissolution et la cicatrisation de la paroi vasculaire.

Hémostase primaire

Formation de I'agrégat plaquettaire (= clou plaquettaire)

Arrét initial, rapide du saignement
’.

Arrét sécurisé du saignement

Coagulation

Consolidation de I'agrégat plaquettaire par la fibrine et les globules rouges

Fibrinolyse

Lyse de la fibrine et cicatrisation de la paroi vasculaire

Figure 1 : Schéma de 'hémostase, les étapes clés de la coagulation sanguine.

Bien qu’il existe divers traitements hémostatiques, ceux-ci ne couvrent pas ['utilisation
dans les chirurgies cutanées mineures. Parmi ces traitements figurent I'acide tranexamique,
disponible sous-forme injectable et voie orale qui inhibe les activités fibrinolytiques. Les
antivitamines K (Warfarine, Acénocoumarol, Fluindione), les héparines (Héparine sodique,
Enoxaparine, Tinzaparine), ainsi que les anticoagulants oraux directs, qui incluent les
inhibiteurs de la thrombine (Dabigatran, Argatroban, Ximélagatran) et les inhibiteurs du
facteur Xa (Rivaroxaban, Apixaban, Edoxaban, Bétrixaban), sont administrés dans le
traitement et la prévention des événements thromboemboliques veineux et exercent
également une activité antithrombotique. D’autres approches incluent le collagene topique,
utilisé pour favoriser 'hémostase et la cicatrisation, et également employé dans d’autres
11
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applications comme la cosmétologie. Les sutures et agrafes chirurgicales restent des options
privilégiées pour favoriser la fermeture des plaies, souvent en concurrence avec les points de
sutures traditionnels. Parmi les solutions biologiques, le fibrinogéne intervient dans
'némostase en cas de bréche vasculaire, notamment en cas de déficit en fibrinogéne,
tandis que les cellules sanguines autologues sont utilisées dans le cadre de greffes a partir
des propres cellules du patient.

La demande du service de dermatologie est basée sur I'utilisation détournée de solutions
a base de chlorure d’aluminium hexahydraté comme Drysol™ et Xerac AC™ décrite dans le
4¢ traité de dermatologie de J. L. Bologna. Ces solutions sont initialement indiquées dans le
traitement de I'hyperhidrose a des concentrations de 6,25 % (m/v), et également 12 % (m/v) et
20 % (m/v) pour le Drysol™.

L’activité du chlorure d’aluminium pourrait étre déclenchée par sa réaction d’hydrolyse en
acide chloridrique, comme le décrit I'équation suivante :

AICI5 + 3H20 = Al(OH)s + 3HCI

Cette hydrolyse conduirait a la précipitation des protéines dans les tissus, créant ainsi une
obstruction mécanique de 'hémorragie ou activant la voir extrinséque.

La solution de Monsel, a base de subsulfate de fer, a été formulée par Léon Monsel au XIXe
siécle et présente des similitudes intéressantes avec la solution de chlorure d’aluminium. Son
acidité lui permet d’étre stable, notamment en empéchant le développement de germes a long
termes, réduisant ainsi le risque d’infections nosocomiales. Cependant, plusieurs limites ont
été rapportées, rendant ainsi préférable I'utilisation d’'une solution de chlorure d’aluminium. En
effet, la solution de Monsel entraine une ferrugination des fibres de collagéne avec des
réactions granulomateuses et laissant des taches sur les zones traitées. L’autre inconvénient
majeur est la plus forte douleur lors de I'application de solution de subsulfate de fer a celle de
solution de chlorure d’aluminium.

La réalisation d’'une préparation hospitaliére’?, qui peut étre préparée a I'avance et en
petites séries, doit néanmoins répondre a plusieurs exigences. En effet, sa faisabilité, et sa
stabilité physico-chimique et microbiologique doivent étre démontrées pour permettre la
préparation a I'avance de la solution, et fixer la date limite d’utilisation du produit. Une
préparation hospitaliére est dispensée sur prescription médicale et est destinée a un ou
plusieurs patients d’un établissement de santé. La préparation de cette solution de chlorure
d’aluminium hexahydraté (Figure 2), ainsi que I'étude de sa stabilité sur une période de 6
mois, m’ont donc été confiées.

20 Al 20

Figure 2 : Structure chimique du chlorure d’aluminium hexahydraté.
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(CC BY-NC-ND 4.0) BRIOT



Ainsi, l'objectif de cette étude était d’évaluer les stabilités physico-chimique et
microbiologique d’une solution de chlorure d’aluminium hexahydraté a 50 % (m/v) sur une
période de 6 mois. Pour cela deux types d’expérimentations ont été réalisées. Les
expérimentations physico-chimiques ont inclus la mesure du pH, de l'osmolalité, de la
concentration en chlorure, par la méthode de Mohr, ainsi que l'identification de I'aluminium,
suivant respectivement les monographies 2.2.3, 2.2.35 et 2.3.1 de la Pharmacopée
Européenne. Par ailleurs, les expérimentations relatives a la stérilité ont consisté en I'essai
d’applicabilité de la méthode et I'essai de stérilité proprement dit, conformément aux
directives de la monographie 2.6.1 de la Pharmacopée Européenne.

Références ajoutées :

1. Agence Nationale de Sécurité du Médicament et des Produits de Santé. Les préparations hospitalieres
[Internet]. 2021 Juillet. Disponible : https://ansm.sante.fr/vos-demarches/professionel-de-sante/les-preparations-
hospitalieres?

2. Agence Nationale de Sécurité du Médicament et des Produits de Santé. Bonnes Pratiques de Préparation
[Internet]. 2023 Aolt. Disponible : https://ansm.sante.fr/luploads/2023/08/02/20230802-bonnes-pratiques-de-
preparation-08-2023.pdf
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ABSTRACT

Objectives Acceleration of the haemostasis process
after dermatological surgery predominantly relies

on mechanical methods, such as the use of sutures

or staples. To our knowledge, there is currently no
commercialised haemostatic agent for this specific
application. Due to the protein precipitation properties of
the 50% (w/v) aluminium chloride hexahydrate solution,
its physicochemical stability and maintenance of sterility
over a 6 month period were assessed.

Methods Aluminium chloride hexahydrate was
dissolved in sterile water to obtain a 50% (w/v) solution,
which was subsequently sterilised through filtration. The
solution was then placed in brown glass vials and kept
at 20-25°C. The physicochemical stability and sterility
of the solution were assessed at four different time
points (DO, M1, M3 and M6). At each time point, pH and
osmolality were measured, the chloride concentration
of the sample was evaluated using the Mohr method,
and aluminium identification was carried out through

a precipitation method. In addition, the sterility of the
solution was also assessed at each time point, according
to the European Pharmacopoeia method.

Results The pH, osmolality and chloride concentration
values remained stable and were concordant with the
expected values throughout the study. Aluminium was
identified in each sample. The sterility of the solution was
maintained over the study period.

Conclusions The physicochemical stability and sterility
of the 50% (w/v) aluminium chloride hexahydrate
solution were maintained for 6 months. These results
indicate that the solution can be prepared in advance.

INTRODUCTION

Acceleration of the haemostasis process during
dermatological surgery predominantly relies on
mechanical methods, such as the use of sutures,
or physical treatments, such as electrocoagulation.
Despite the diversity of haemostatic treatments
available for different surgical applications, there
is no chemical haemostatic treatment currently
available commercially for minor dermatolog-
ical procedures. The main broad classes of topical
haemostatic agents include mechanical agents,
physiologic agents, physical-biological agents and
caustic agents. Mechanical agents include pres-
sure, a traditional technique performed using
sutures, clips and gauze sponges.! 2 Caustic agents
include Monsel’s solution, zinc paste, silver nitrate,
mineral zeolite and aluminium chloride solutions.
Aluminium chloride (AICl3) solution has several
advantages because it is easy to use, inexpensive
and can be stored at room temperature. It also

1,6

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Aluminium chloride solutions are used
to accelerate haemostasis after minor
dermatological surgeries.

WHAT THIS STUDY ADDS

= The stability of an aluminium chloride
hexahydrate 50% w/w solution was
demonstrated for 6 months.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Pharmaceutical preparations can now be
prepared in advance in hospital pharmacies.

causes less serious side effects compared with: zinc
paste, which is irritating3; Monsel’s solution, which
can cause the tattoo effect and promote melano-
cyte activity3-5; and silver nitrate, which can cause
burning sensations.3

Aluminium chloride solutions accelerate the
haemostasis process after dermatological surgery®
through protein precipitation.3 7 It is specifically
used to treat superficial lesions, and is generally
applied using a sterile cotton tipped swab.3 6

As the concentration of aluminium chloride in
solution increases, haemostasis is accelerated. This
was illustrated by Nouri et al® who reported that
haemostatic time after using sutures was 80.0 s
compared with 32.30s, 12.40s and 7.20 s using
aluminium chloride solutions at 10%, 25% and
50%, respectively. Aluminium chloride hexahy-
drate solutions, initially used for hyperhidrosis,
have been described as haemostatic agents. Bologna
et alé described the use of 6.25%, 12% or 20%
(w/v) aluminium chloride hexahydrate solutions
(Drysol and Xerac AC), and Tompeck et al° used
20% or 40% (w/v) aluminium chloride hexahydrate
solutions. Moreover, it is advised to use the 50%
(w/v) aluminium chloride hexahydrate solution
after minor dermatological surgeries, applied using
a sterile cotton tipped swab8 and not directly on
large open wounds, due to tissue irritation as well
as delayed re-epithelization at the wound site.3 7 9

The activity of aluminium chloride could be trig-
gered by its hydrolysis reaction into hydrochloric
acid, as described by the following equation:

AICl3 + 3H,0 — AI(OH)3 + 3HCI

This hydrolysis would lead to precipitation of
proteins in tissue,3 7 thereby creating mechanical
obstruction of the haemorrhage or activating the

BM) Group
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extrinsic pathway3 9 where factor III (also known as tissue factor)
interacts with factor VII to form the VIla/IIl complex. Then,
intrinsic and extrinsic pathways merge to the common pathway
involving factors X, V, II, I and XIII.

This solution provides clinical benefit, acceleration of haemo-
stasis after dermatological surgery, which meets a crucial need
given the lack of alternative for this type of surgery. Thus
aluminium chloride needs to be better characterised, and the aim
of this study was to assess the physicochemical and microbiolog-
ical stabilities of a 50% (w/v) aluminium chloride hexahydrate
solution.

MATERIALS AND METHODS

Materials

All reagents used to prepare the aluminium chloride hexahydrate
solution were pharmaceutical grade (Cooper, Melun, France;
batch: 22080018 /A) and sterile water (Aguettant, Lyon, France;
batch: C1112 and C1117). Aluminium chloride hexahydrate
was chosen as it is very soluble in water, and a monograph is
presented in the European Pharmacopoeia.

Equipment used to prepare the solution included polypro-
pylene 20 mL syringes (B Braun, Saint-Cloud, France), sterile
brown glass vials and droppers (Remy & Geiser, Schleusingen-
Hinternah, Germany; batch: A23005_31100460; reference:
0399-AR1029WEPGO) and 0.22 pm filters (Merck Millipore,
Meyzieu, France; batch: R1AB86716; reference: SLGL0250S).
Equipment used to control the physicochemical stability of the
solution included SevenExcellence pH metre S400 (Mettler
Toledo, Greifensee, Switzerland) and OsmoPRO-Multisample
Micro-osmometer (Advanced Instruments, Norwood, MA,
USA).

Chemical reagents were potassium chromate, 0.2 M silver
nitrate, thioacetamide solution, ammonium chloride (Sigma
Aldrich, Saint-Quentin-Fallavier, France; batch: 216615, batch:
209139, batch: K55027970, batch: AM1518045, respectively),
hydrochloric acid, sodium hydroxide (Carlo Erba, Val-de-Reuil,
France; batch: 403871, batch: 480507, respectively) and glyc-
erol 85% (Cooper, batch: SEH5830).

The microbiological evaluation was performed using a Ster-
itest Symbio LFH pump (Merck Millipore), a device for liquid
in vials with mixed cellulose esters membrane 0.45 um (Steritest
NEO, TZHALV210; Merck Millipore), and membrane filters
were rinsed with 250 mL bags of 0.9% (w/v) NaCl (Fresenius
kabi, Louvier, France).

Growth media comprised thioglycolate broth and trypticase
soy broth (TSB) (Biomérieux, Craponne, France). Microor-
ganism test strains were Clostridium sporogenes NCTC 12935,
Pseudomonas aeruginosa NCTC 12924, Staphylococcus aureus
NCTC 10788, Aspergillus brasiliensis NCPF 2275, Bacillus
subtilis NCTC 10400 and Candida albicans NCPF 3179 (Bioball
30 UFC, Biomérieux). Bioballs were rehydrated and then diluted
in 100 mL of 0.9% (w/v) NaCl bag (Fresenius kabi).

Methods

Solution preparation

The 50% (w/v) aluminium chloride hexahydrate solution was
prepared by adding 100 g of aluminium chloride hexahydrate
in a sufficient volume of water to dissolve it, and the volume
was then completed to 200 mL. The solution was then stirred
for 15 min, sterilised by filtration (0.22 pm), and bottled under
a controlled atmosphere area (iso 5) in a brown glass vial (type
I according to the European Pharmacopoeia). A bromobutyl
dropper was finally applied on the glass vial.

Once prepared, the solution was kept at room temperature
(18-25°C) and protected from light (brown glass). Its physico-
chemical stability was evaluated on the day of production (DO0),
and after 1, 3 and 6 months (M1, M3 and M6). Microbiological
evaluations were also performed at the same time points (DO,
M1, M3 and M6).

Physicochemical evaluations

pH

The conventional potentiometric detection method was used to
determine the pH of one sample solution at each time points
(DO, M1, M3 and M6).

Osmolality

The conventional osmolality assessment was used to determine
the osmolality of a 1:10 diluted solution at each time point (DO,
M1, M3 and M6). The calculated theoretical osmolality value
of aluminium chloride hexahydrate is 828 mOsm/kg. Therefore,
the 15% osmolality specification is #124.2 mOsm/kg.

Chloride concentration

Determination of chloride concentration was carried out using
the Mohr method, which involves titration with silver nitrate.
Briefly, the aluminium chloride hexahydrate solution was diluted
10-fold in sterile water. A total of 1 mL of a 50 g/L chromate
potassium solution was then placed into a beaker, resulting in
a yellow solution. Titration consists of gradually adding 0.2 M
silver nitrate solution until an orange colour appears. The theo-
retical chloride concentration is 6210 mmol/L. Thus, the 10%
chloride concentration is+621.0 mmol/L.

Aluminium identification

Identification of aluminium involves a series of three distinct
reactions according to the European Pharmacopoeia monograph
2.3.1 (11th edition).10 The first reaction consists of mixing 2 mL
of aluminium chloride hexahydrate solution with 0.5 mL diluted
hydrochloric acid at 37%, adjusted to 100 mL, followed by addi-
tion of 0.5 mL thioacetamide reagent. No precipitate forms at
this stage. The second reaction involves the dropwise addition
of a 1 M sodium hydroxide solution, resulting in the formation
of a white gelatinous precipitate that dissolves after further addi-
tion of a 1 M sodium hydroxide solution. The third reaction
is summarised as the gradual addition of a 107 g/L ammonium
chloride solution. A white gelatinous precipitate confirms the
presence of aluminium.

Microbiological evaluations

Sterility testing was performed in accordance with monograph
2.6.1 of the European Pharmacopoeia (11th edition).lt This
process involves two tests: the validation test and the sterility
assessment of the aluminium chloride hexahydrate solution.
The validation test consists of verifying that the solution has no
inhibiting effect on microbiological growth. Its confirmation
enables the sterility assessments to be carried out.

The following acceptance criteria were used to report the
results: microbiological growth of the reference strains after
5 days of incubation for the validation tests, and no culture
growth in thioglycolate broth and TSB at DO, M1, M3 and M6
for sterility assessments.

Validation test
The initial step involves dilution of a 10 mL solution of 50%
(w/v) aluminium chloride hexahydrate solution in a 100 mL

2
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Table 1 Physicochemical and sterility evaluations over time

Day O Month 1 Month 3 Month 6
Parameter Specifications Room temperature, protected from light
Appearance Limpid solution Yes Yes Yes Yes
No macroscopic abnormalities (yes/no)

pH

Measured value Highly acidic solution 0.10 0.27 0.25 0.13
Osmolality (mOsm/kg)

Theoretical value 828 749 742 4 753

Error (%) 15 (£124 mOsm/kg) -9.54 -10.39 -10.51 -9.06
Chloride concentration

Theoretical value (mmol/L) 6210 6420 6300 6600 6000

Error (%) 10 (+621 mmol/L) 3.38 1.45 6.28 -3.38
Aluminium identification
Identification by colour reaction Hydrochloric acid: no precipitation Conform Conform Conform Conform

Dilute sodium hydroxide solution: formation of
a white gelatinous precipitate, then dissolution

of the precipitate

Ammonium chloride solution: white gelatinous

precipitate reappears
Microbiological examination of sterile products: sterility tests
Thioglycolate broth  Validation test
Clostridium sporogenes
Pseudomonas aeruginosa incubation

Staphylococcus aureus

TSB Aspergillus brasiliensis Validation test: microbial growth after
Bacillus subtilis incubation
Candida albicans

TSB, trypticase soy broth.

0.9% (w/v) sodium chloride bag, and then filtering the solution
mixture on two membranes based on the Steritest system. The
second step involves rinsing each membrane with 125 mL of
0.9% (w/v) sodium chloride. The third step involves rehydrating

Figure 1 Observations after 2, 3 or 5days of microbial growth during
the validation test. (A) Aspergillus brasiliensis and Candida albicans,
(B) Bacillus subtilis, (C) Clostridium sporogenes, (D) Pseudomonas
aeruginosa and (E) Staphylococcus aureus.

Validation test: microbial growth after

Sterility test

Negative culture:  Negative culture: Negative culture: Negative culture:
validated sterility validated sterility validated sterility validated sterility
test test test test

Negative culture: Negative culture: Negative culture: Negative culture:
validated sterility validated sterility validated sterility validated sterility
test test test test

Bacillus subtilis and Pseudomonas aeruginosa strains with sterile
water, sampling and injecting each sample into a 100 mL 0.9%
(w/v) sodium chloride bag. The whole bags are then filtered onto
the Steritest system. Lastly, sterile culture media as well as thio-
glycolate broth for the growth of Pseudomonas aeruginosa and
TSB for Bacillus subtilis growth are transferred and incubated
for 5 days at specific temperatures: 32°C (£2°C) for the thio-
glycolate broth and 22°C (#2°C) for TSB. The same operation
is repeated for the reference strains Clostridium sporogenes and
Staphylococcus aureus incubated into thioglycolate broth, and
for Aspergillus brasiliensis and Candida albicans incubated into
TSB.

Sterility test

The procedure begins with dilution of 10 mL of 50% (w/v)
aluminium chloride hexahydrate solution in 100 mL of 0.9%
(w/v) sodium chloride solution. This diluted solution is then
filtered on two membranes based on the Steritest system. Subse-
quently, the thioglycolate broth is transferred into one of the two
bottles, while the TSB is transferred into the other one. Each of
these media is incubated for 14 days at specific temperatures:
32°C (%2°C) for the thioglycolate broth and 22°C (*2°C) for
TSB.

RESULTS

Physicochemical evaluations

pH

The pH changes remained <0.5 pH units over 6 months
(table 1). Slight pH variations were within defined specifications
and were therefore acceptable, with no impact of the storage
on the stability of the aluminium chloride hexahydrate solution.

Briot C, et al. Eur J Hosp Pharm 2025;0:1-5. doi:10.1136/ejhpharm-2024-004356
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Osmolality and chloride concentration

The experimental osmolality and chloride concentration were
stable during the study period and remained within the confi-
dence interval (table 1).

Aluminium identification
In each vial tested during the physicochemical stability test,
aluminium was identified through the coloured reaction (table 1).

Microbiological evaluations

Validation test

The tested microorganisms exhibited growth after 2 days (Clos-
tridium sporogenes, Staphylococcus aureus and Candida albi-
cans), 3 days (Bacillus subtilis and Pseudomonas aeruginosa) or
5 days (Asperygillus brasiliensis) (figure 1), and hence the valida-
tion test was accepted (table 1).

Sterility test

The absence of any visible signs of microbiological growth at
D0, M1, M3 and M6 indicated the sterility of the 50% (w/v)
aluminium chloride hexahydrate solution during the study
period (table 1).

DISCUSSION

This study demonstrated the physicochemical and microbiolog-
ical stability of the 50% (w/v) aluminium chloride hexahydrate
solution, prepared and sterilised using a filtration method, over a
6 month period stored at room temperature and protected from
light.12 The pH, osmolality and chloride concentration remained
unchanged, as well as the sterility of the solution.

The analytical methods were selected in accordance with the
European Pharmacopoeia.l0 11 13 14 Although a forced degra-
dation study is usually recommended,12 15 16 it was not carried
out here because the electrolyte solution that we prepared (ie,
aluminium and chloride) is not susceptible to degradation. The
titration technique used was therefore sufficient to control the
concentration over time and eliminate adsorption of elements,
or evaporation of the solvent. The presence of aluminium was
confirmed by an indirect assay using chloride ions. The combined
quantification of chloride and identification of aluminium was
used to confirm the conformity of the raw material (ie, AlCI3,
6 H20) in the preparation. The glass in the vials used was type
I, known to be inert and to have good chemical and thermal
resistance.

The duration of the study may be considered limited, and
could have been extended to 12 months; 6 months may not have
allowed enough time to capture all of the potential variations
in physicochemical stability and sterility. Moreover, performing
an accelerate ageing process at elevated temperatures (40-50°C)
could have been interesting because the absence of this process
may limit the ability to anticipate physicochemical changes that
could occur in the product over time, thus compromising its
stability and quality.1?

Regarding the choice of sterility assessment method, the Euro-
pean Pharmacopoeia advocates for membrane filtration rather
than direct inoculation, considering it to be the most accurate
technique; it was therefore decided to follow the guidelines of
the European Pharmacopoeia. These guidelines recommend
the use of a neutral solution of meat or casein peptone as rinse
solution. Nevertheless, there were physicochemical interactions
between the acidic 50% (w/v) aluminium chloride hexahydrate
solution and a 0.1% (w/v) neutral solution of meat or casein
peptone, making filtration impossible (data not shown); this is

the reason related to the use of a 0.9% (w/v) sodium chloride
solution as the rinse solution. Regarding the validation test, it
showed microbiological growth after incubation, and hence the
50% (w/v) aluminium chloride hexahydrate solution has no
inhibitory effect on the growth of the microorganisms tested.

Aluminium chloride is not the only chemical haemostatic
agent; other agents include ferric subsulfate, also known as
Monsel’s solution, zinc paste and silver nitrate. Monsel’s solution
can be considered as an alternative to the 50% (w/v) aluminium
chloride hexahydrate solution due to similarities in their
actions and characteristics (ie, coagulation of blood proteins).* 5
However, using the aluminium chloride hexahydrate solution is
preferable to Monsel’s solution, or to the other chemical haemo-
static agents, because of the adverse effects they can cause, such
as ferrugination of collagen fibres in the dermis and striated
muscles, known as the tattoo effect, stimulation of melanocyte
activity potentially leading to melanoma, delayed re-epitheliza-
tion at the wound site and an increase in fibrosis.3-5 9 Although
the adverse effects of the aluminium chloride hexahydrate solu-
tion are far less severe than those of Monsel’s solution, it can
cause painful paresthesia at the application site, tissue irritation
and delayed re-epithelization at the wound site, as described in
previous studies.3 59

This study demonstrated that the 50% (w/v) aluminium chlo-
ride hexahydrate solution, used to accelerate the physiological
process of haemostasis, had the advantage of being easily stored
at room temperature and protected from light, and had a good
shelf life. It is moreover affordable and simple to use.3 This new
solution could be of great interest to hospital pharmacists, as it
offers easier administration and more appropriate management
of each patient following dermatological surgery. In addition,
its in-hospital production offers the potential for continuous
improvement in routine practice.

CONCLUSIONS

Physicochemical stability and sterility of the 50% (w/v)
aluminium chloride hexahydrate solution were demonstrated
for 6 months. This solution is now available in the dermatology
department of the hospital. Potential side effects of this solution
will be systematically collected and monitored over time.

X Thomas Briot @briotthomas2
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Conclusions générales

Thése soutenue par Mme BRIOT Cécile

Le développement d’agents hémostatiques adaptés aux chirurgies dermatologiques
mineures est essentiel, étant donné I'absence de solutions commercialisées pour cette
indication. Ce travail s’est concentré sur la formulation et I'’évaluation de la stabilité physico-
chimique et de la stérilité d’'une solution de chlorure d’aluminium hexahydraté a 50 % (m/v) sur
une durée de 6 mois.

Les résultats obtenus montrent que les parameétres physico-chimiques (pH, osmolalité,
concentration en chlorures) sont restés stables et conformes aux valeurs attendues sur toute
la durée de I'étude. La présence d’aluminium a été confirmée dans tous les échantillons, et la
stérilité de la solution a été maintenue pendant 6 mois. Ces résultats valident la faisabilité de
préparer cette solution a I'avance pour un usage dermatologique. Par ailleurs, la solution est
déja utilisée dans le service de dermatologie de I’'Hb6pital de la Croix-Rousse, ou elle contribue
a améliorer la prise en charge des patients.

Dans le cadre de cette étude, un article scientifique a été rédigeé et publié le 9 janvier 2025
dans la revue n°4356 European Journal of Hospital Pharmacy.

L’étude se poursuit afin d’évaluer la stabilité physico-chimique et la stérilité de la solution
pendant 1 an afin de pouvoir augmenter la date limite d’utilisation de la solution apres
production au sein de la pharmacie a usage intérieur.

Le Président de la thése, Vu et permis d’imprimer, Lyon, le 23 janvier 2025
Nom : LOLLO Giovanna Vu, le Directeur de I'Institut des Sciences .
Pharmaceutiques et Biologiques, Faculté de Pharmacie
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similitudes.
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Faisabilité et étude de stabilité d’une solution de chlorure d’aluminium hexahydraté a 50 % (m/v) en tant
qu’agent hémostatique.
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RESUME

Accélérer le processus d’hémostase aprés une chirurgie dermatologique repose essentiellement sur
des méthodes mécaniques comme les sutures ou les agrafes. A ce jour, aucune spécialité pharmaceutique
hémostatique n’est disponible pour cette application spécifique.

L’objectif de ce travail est d’évaluer la stabilité physico-chimique et microbiologique d’'une solution de
chlorure d’aluminium hexahydraté a 50 % (m/v) sur une période de 6 mois, afin de valider sa formulation
pharmaceutique.

Dans un premier temps, la solution de chlorure d’aluminium hexahydraté a 50 % (m/v) a été préparée
puis filtrée en conditions aseptiques pour la rendre stérile, puis conservée dans des flacons en verre brun a une
température comprise entre 20 et 25°C.

Dans un deuxieme temps, la stabilit¢ physico-chimique et microbiologique de la solution ont été
évaluées a quatre temps différents (JO, M1, M3 et M6). Les paramétres mesurés sont le pH, 'osmolalité, la
concentration en chlorures (par la méthode de Mohr) et la présence d’aluminium (par précipitation). La stérilité de
la solution a été vérifiée conformément a la monographie 2.6.1 de la Pharmacopée Européenne.

Les résultats montrent que les parametres physico-chimiques sont restés stables sur toute la période
d’étude, tout comme la stérilité de la solution.

RESUME en anglais

Accelerating the haemostasis process after dermatological surgery mainly remains on mechanical
methods such as sutures or staples. To date, no haemostatic agent is available for this specific application on
the market.

The aim of this study is to evaluate the physicochemical stability and sterility of a 50 % (w/v) aluminium
chloride hexahydrate solution over a 6-month period, to validate its pharmaceutical formulation.

First, the 50 % (w/v) aluminium chloride hexahydrate solution was prepared, then sterilized under
aseptic conditions thanks to a filtration method. The solution was then packaged in brown glass vials and kept at
a temperature between 20 and 25°C.

The solution was then tested for physicochemical and microbiological stabilities at four different times
(DO, M1, M3, and M6). The parameters measured were pH, osmolality, chloride concentration (by Mohr's
method), and the presence of aluminium (by precipitation). Sterility was tested according to monograph 2.6.1 of
the European Pharmacopoeia.

Results showed that physicochemical parameters remained stable over the entire period. The solution
remained sterile throughout the study

MOTS CLES
Haemostatic ; 50 % (w/v) aluminium chloride hexahydrate solution Physicochemical ; Sterility Stability ;
Dermatological surgery
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