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Abstract: Ocular cystinosis is a rare disease characterised by the deposition on
the corneal surface of cystine crystals that hinder the eyesight of patients. Oral
cysteamine is administered as cysteamine bitartrate; however, due to the lack of corneal
vascularization it does not reach the cornea and must be administered by the topical
ocular route. The aim of the present study was to determine the stability of an
ophthalmic hydrogel of cysteamine under different preservation conditions during a
follow-up of 30 days. This hydrogel could be prepared in hospital pharmacy services.
Several physical and chemical parameters were assessed: osmolality, pH, and cysteamine
concentration, which was measured using an ultra-performance liquid chromatography-
tandem mass spectrometer (UPLC-MS/ MS) method. Descriptive tests were also
performed, such as transparency measurements and microbiological assays in order to
verify sterility.

The results show that cysteamine hydrogel is stable over 30 days and should be preserved
under refrigeration.

KEYWORDS: Cysteamine, Ellman’s reagent, Hyaluronic acid, Mass spectrometry,
Ocular cystinosis, Ophthalmic hydrogel, Stability.

Resumen: La cistinosis ocular es una enfermedad rara que se caracteriza por el depdsito
de cristales de cistina a nivel corneal, los cuales dificultan la visién de los pacientes.
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La cisteamina oral se administra en forma de cisteamina, pero esta no alcanza la
cérnea debido a la falta de vascularizacion corneal, por lo que es necesaria la aplicacién
topica ocular. El objetivo del presente trabajo es determinar la estabilidad de un
hidrogel oftdlmico de cisteamina, potencialmente formulable en servicios de farmacia
hospitalaria, conservado este bajo diferentes condiciones de almacenamiento durante un
periodo de 30 dias.

Los pardmetros fisicos y quimicos evaluados han sido la osmolalidad, ¢l pH y la
concentraciéon de cisteamina, siendo esta tltima valorada mediante un método de
cromatografia liquida de ultra alta presion, empleando un detector de masas en
tdindem (UPLC-MS/MS). Los ensayos descriptivos se han basado en la medicién de la
transparencia y los ensayos microbioldgicos en la realizacion de pruebas de esterilidad.
Los resultados obtenidos permiten concluir que el hidrogel de cisteamina es estable
durante un periodo de 30 dias, recomendandose que su conservacidn sea en nevera.
PALABRAS CLAVE: Acido hialurénico, Cisteamina, Cistinosis, Ocular, Estabilidad,
Espectrometria de masas, Hidrogel oftalmico, Reactivo de Ellman.

Introduction

Cystinosis is a rare lysosomal storage disorder that follows an autosomal

recessive inheritance patternl. This metabolic disorder is characterized
by the accumulation of the amino acid cystine in lysosomes due to
defective cystine transportation from the interior to the exterior of the

lysosome®”. Cystine has low solubility in water, leading to the formation
of intralysosomal crystals and damage to various tissues and organs,
including the cornea. As described by Burki in the 1940s, the ocular
manifestations of the disease are due to the accumulation of cystine
crystals in the ocular surface®. These crystals can be observed with a slit
lamp and are a pathognomonic sign of cystinosis. They begin to form
during infancy and from 16 months of age onward they can be observed
through a slit lamp. Patients are initially asymptomatic. Due to the
accumulation of corneal cystine crystals over time, ocular symptoms do
not appear until approximately 10 years of age’.

The specific treatment of cystinosis is cysteamine, also called
mercaptamine or 2-aminoethanethiol, which is an aminothiol with
chemical formula HSCH,CH,NH,°. Cysteamine was introduced as a
possible therapeutic agent for cystinosis in 1976 and remains the only

available treatment’. Although cysteamine does not cure cystinosis, it has
revolutionized patient management and prognosis. It has been shown
to slow disease progression and can reduce the amount of intracellular
cystine by more than 90%. Cysteamine therapy should be started as soon
as the diagnosis is made and should be continued for the lifetime of the
patient. Patients with poor adherence to treatment or begin it later do not
achieve such beneficial outcomes®.

Oral cysteamine is administered in the form of cysteamine bitartrate,
but does not reach the cornea due to the lack of corneal vascularization.
Thus, a topical ocular application was developed, whose safety
and effectiveness had already been demonstrated in the 1980s”'.
Currently, there are two available ophthalmic formulations of cysteamine

hydrochloride: Cystaran™ (Sigma Tau Pharmaceuticals Inc.), an FDA-
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approved medication, which must be instilled from 6 to 12 times a day'%;
and Cystadrops (Orphan Europe, Paris, France), which has a higher

viscosity and increased ocular permanence' 14, Cystadrops is currently in
Phase III trials; however, the European Medicines Agency has recently
allowed it be marketed as an orphan drug to facilitate access’>.

Access to foreign and/or orphan drugs can sometimes be delayed by the
obligatory procedures and approvals required for their use. In addition,
the sometimes exorbitant price of these drugs can hamper access'®. In
order to facilitate the treatment of ocular cystinosis, cysteamine eye
drops as a compounded formulation are commonly prepared in hospital
pharmacy services.

Two major problems are associated with these formulations. Firstly,
cysteamine eye drops must be instilled every hour while the patient
is awake to reduce the amount of corneal crystals. To optimise
the formulation and avoid these difficult dosage schedules, our
group developed a bioadhesive cysteamine hydrogel with high ocular
permanence, which could be prepared by hospital pharmacy services' 18,
Secondly, there is a lack of studies on the stability of cysteamine
formulations. The analysis of compounds with thiol groups has always
proved difficult, owing to their susceptibility to oxidisation and the lack

ofastructural chromophore needed for their detection'®?°, Furthermore,
the low molecular weight of cysteamine (MW =77.15 g/mol) hinders its
direct detection by mass detectors. Thus, the methods used to determine

these types of compounds usually derivatize the cysteamine molecule

before quantiﬁcationZI.

The objective of this article was to determine the stability of a
bio-adhesive ophthalmic cysteamine hydrogel under different storage
conditions.

Methods

Preparation of 0.55% ophthalmic cysteamine hydrogel

The preparation of the hydrogel is performed in 2 stages. Firstly, a
sufficient quantity of cysteamine (BioXtra, Sigma-Aldrich) is gradually
added to Balanced Salt Solution Alcon™ and magnetically stirred over
a period of 5 minutes to achieve a concentration of 0.55%. While
continuing to stir, hyaluronic acid (Acofarma’) is then added to achieve
a final concentration of 0.4%.

Secondly, the resulting hydrogel is vacuum filtered using a 0.22-um

membrane filter (Stericup Merck Millipore Express™ PLUS 0.22 um)
and poured into 15-mL type -1 amber glass containers, adding 10 mL of
hydrogel to each container. The remaining volume is filled with nitrogen
gas, and the containers are closed. The entire process is performed under
aseptic conditions using a horizontal laminar flow hood.

Preservation conditions and study variables
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The formulas were divided into 2 batches: those without preservatives
and those with preservatives. The latter batches were prepared by adding
0.01% Ethylene Diamine Tetraacetic Acid (EDTA) while dissolving
the cysteamine. Half of the batches with and without preservatives
were stored for 30 days at 22 °C (room temperature) and the other
batches were stored at 4 °C (refrigerated). In the rest of this article,
these formulations are referred to as HA (room temperature without
EDTA), HAE (room temperature with EDTA), HN (refrigerated
without EDTA), and HNE (refrigerated with EDTA).

Osmolality, pH, and cysteamine concentrations were assessed.
Descriptive tests were based on transparency measurements, and
microbiological tests were based on sterility testing.

All samples were allowed to reach and stay at room temperature for a
minimum of 30 minutes to avoid measurement errors due to temperature
variations. All tests were performed in triplicate and were conducted on
days 0, 7, 14, and 30 after the preparation of the hydrogels.

Descriptive tests

The transparency of the samples was determined by measuring
transmittance in the visible light range (380 nm - 780 nm) using a UV-
VIS spectrophotometer (model 8452 Diode Array Spectrophotometer,
Hewlett Packard). A blank was made with distilled water, the different
formulations were placed in quartz cuvettes, and then transmittance
was measured, thus obtaining a graph representing the percentage of
transmitted light as a function of wavelength.

Physicochemical tests

Determination of osmolality and pH: Osmolality was measured using a
vapour pressure osmometer (VAPRO 5520). 10 pL of each formulation
was deposited on a disk of Whatman filter paper on the chamber. pH was

determined using a Crison micropH2001 pH-metre.

Quantification of cysteamine: A saturated solution of Ellman’s reagent
(5,5°-dithiobis -(2- nitrobenzoic acid)) was prepared as a derivatizing
agent ** (Figure 1), by dissolving 29.6 mg of the powder in 10 mL of 0.018
M aqueous NaOH. Subsequently, the solution was filtered through a 0.45
um filter.

.\\/\T Z My oM. F :/ | MOy
| |

Eliman’s Reagent Cysteamine - Elman

Figure 1

Cysteamine derivatization using Ellman ’s reagent

To quantify cysteamine, a 1:1000 dilution of the formulation was
prepared. 100 pL of Ellman’s reagent and 100 pL of purified water were



Farmacia Hospitalaria, 2017,41(6), Nov-Dec, ISSN: 1130-6343 / 2171-8695

added to this diluted sample. The resulting solution was analysed using
an ultra-performance liquid chromatography-tandem mass spectrometer
(UPLC-MS/MS) method. Measurements were taken using an Acquity
UPLC H-Class system (Waters Milford, Massachusetts) coupled to
a Xevo TQD mass spectrometer (Waters ). Data were collected using

Mass lynx v4.1 software and processed using Target Lynx™™ Application
Manager chromatographic software. Chromatographic separation was
conducted at 40 °C using an Acquity BEH C;s column (2.1 mm x 50
mm; particle size 1.7 um) (Waters ). The mobile phase solvents used were
2 0.1% formic acid solution in water (MilliQ) (Phase A) and acetonitrile
(Phase B). A gradient with constant flow rate of 0.4 mL/min was used.
The gradient was started at 100% phase A, changing linearly to a 40%
A - 60% B composition at 2.2 minutes, maintaining the composition
until the 2.60-minute mark, and then returned to initial conditions at 3
minutes. The autosampler was set to 10 °C and 10 pL of each sample was
injected. Total run time was 3 minutes, which included equilibration of
the chromatographic system prior to sample injection. Mass spectrometry
data were obtained using the multiple reaction monitoring (MRM) mode
through positive electrospray ionization. Quantification was achieved by
means of the transitions of the precursor ion at m/z 313 and the 196.85
fragment ion using a desolvation gas flow rate of 1.1 L/h, cone gas flow
rate of 80 L/h, and a capillary voltage of 3.2 kV. Desolvation and source
temperatures were 600 °C and 146 °C, respectively.

Microbiological tests

Each of the hydrogels was analysed on the aforementioned days to
determine microbiological stability. 1 mL of each of the hydrogels
was added to plates containing blood agar, sabouraud agar, and fluid
thioglycolate medium. The samples were cultured at 37 °C for 48 hours,
15 days, and 10 days, respectively. At the end of each incubation period,
the samples were inspected for any signs of microbiological growth.

Allowed variation range and statistical analysis

The Pharmaceutical Codex was used to establish the expiry date of

the formulation, which was set?® when there was a 10% reduction of
active ingredients compared to the initial concentration. Changes in pH
and osmolality were considered unacceptable if their values exceeded the
acceptance criteria for ophthalmic applications. Microbiological stability
was considered acceptable providing no microbial growth was detected in
the cultured samples. Finally, the product was considered unacceptable in
the absence of complete transparency on descriptive tests.

The results of the different preservation conditions were compared by

multivariate analysis of variance using Graph Pad Prism v.5.0b software.
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Results

Descriptive and physicochemical tests

All the formulations were completely transparent and no decrease in
transparency was observed over the study period. No signal was observed
in the visible range, demonstrating the transparency of the sample (see

Figure 2).
Absorbance Sample Spectra
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Figure 2
Graph obtained by determining the transparency of one of the formulations,
showing negligible absorbance in the visible light spectrum (380 nm - 780 nm).

Figure 3 shows variations in osmolality of the cysteamine hydrogel
under all four preservation conditions over time. Osmolality values of all
formulations remained between 90% and 100% of the initial values over
the study period. Under the different study conditions, no statistically
significant differences were observed between the formulations, although
those containing EDTA showed slightly higher values (427 + 8.96
mOsm/Kgvs 410 + 9.48 mOsm/Kg).
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Figure 3

Percentage change in osmolality (mOsm/Kg) (mean and standard deviation) of
cysteamine hydrogel over 30 days under the four different storage conditions.
HA, room temperature without EDTA; HAE, room temperature with
EDTA; HN, refrigerated without EDTA; HNE, refrigerated with EDTA.

However, as shown in Figure 4, neither the addition of EDTA to
the hydrogel nor storage temperature influenced the pH values of the
hydrogel over the study period. Under all the conditions tested, no
statistically significant differences were observed between the initial and
final pH, except for a slight decrease in pH in the EDTA formulations
(6.29 vs 6.44).
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Figure 4

Change in pH (mean and standard deviation) of cysteamine hydrogel over 30 days under
the four different storage conditions. HA, room temperature without EDTA; HAE, room
temperature with EDTA; HN, refrigerated without EDTA; HNE, refrigerated with EDTA.

Concentration of cysteamine

A narrow, symmetrical, and well-defined chromatographic peak was
obtained with an elution time 0of 0.33 minutes. Figure 5 shows an example
chromatogram of the derivatised cysteamine obtained using the UPLC-

MS/ MS method.
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Figure 5

Example of chromatogram obtained for cysteamine derivatized
with Ellman s reagent, using the UPLC MS/MS method.



Farmacia Hospitalaria, 2017,41(6), Nov-Dec, ISSN: 1130-6343 / 2171-8695

The UPLC-MS/MS determination method employed is highly
specific, because it combines the efficiency of chromatographic separation
and the high selectivity of a tandem mass detector to select the
chemical structure to be determined. Using this method, the derivatised
product was separated from any compounds that may have formed from
cysteamine degradation.

Figure 6 shows variations in cysteamine concentrations over time
under the four different storage conditions. Cysteamine concentrations
did not fall below 90% at any point during the study period. Nevertheless,
it should be noted that a wide range of concentration values was
observed at different time points during the storage period. Some samples
had percentages of more than 100% of the initial concentration. This
variability was caused by the high viscosity of hydrogels, which makes it
difhicult to obtain reproducible volumetric samples by aspiration.
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Figure 6

Percentage of change in cysteamine concentrations over 30 days. HA,
room temperature without EDTA; HAE, room temperature with EDTA;
HN, refrigerated without EDTA; HNE, refrigerated with EDTA.

Microbiological stability

Adequate storage of samples was maintained under all study
conditions, and no microbial growth was observed in any of the hydrogels
during the storage period.

Discussion

Difficult dosage schedules are the major challenge to the use of
ophthalmic compounded formulations of cysteamine hydrochloride,
because they require hourly instillations to reduce the amount of corneal
crystals. A preclinical study has shown that the biopermanence of the
hydrogel under study is similar to that of Cystadrops 1%, Quantitative
PET biopermanence studies have shown that cysteamine hydrogel with
hyaluronic acid has a 60-minute half-life, which is much higher than the
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18-minute half-life of cysteamine eye drops typically prepared by hospital
pharmacy services. In addition, more cysteamine reaches the stroma after

administration of this hydrogel than reaches it with eye drops, and there

are statistically significant differences in transcorneal permeation values

between the two media. This hydrogel formulation achieves a controlled

release of cysteamine over time, and can be prepared by pharmacy

services for patients with ocular cystinosis'’. Two preparation methods

are presented in the supplementary materials.

Stability studies are a relevant technical and economic challenge for

hospital pharmacy services and are becoming more frequent to guarantee

the quality of the prepared drugs®®. The present study investigated the
stability of cysteamine hydrogel with hyaluronic acid, and showed that

its properties were unchanged in a variety of storage conditions over
the study period. Other authors have shown that at room temperature

cysteamine oxidises into its cystamine dimer, which is ineffective for the

removal of corneal cystine crystalszs. For this reason, nitrogen was used to

remove environmental oxygen before sealing the containers.

The choice of EDTA as a preservative was based on previous

publications, which have shown it to be the most suitable preservative

for use in cysteamine formulations. The lowest possible concentration

of EDTA was chosen to minimize potential toxicity on the corneal

epithelium20’26'28. Other preservatives, such as benzalkonium chloride,

were ruled out after an unfavourable benefit-risk assessment by
ophthalmologists. This decision was based on their potential epithelial

toxicity, which would be higher during the chronic use of the hydrogel

under study®.

According to the United States Pharmacopocia, the stability of a
compounded formulation is defined as the amount of time during which

a product maintains, within very specific limits, the properties and

characteristics that it possessed at the time of manufacture, throughout

storage, and during use’, Stability studies determine how the quality of
a drug varies over time under the influence of a number of factors, and

use this information to provide recommendations on its expiration date

and storage conditions. Over the study period, the pH and osmolality
of the hydrogels remained practically constant, with no statistically
significant differences (¢ <0.001) between the initial and final values
under all storage conditions. The addition of EDTA to the formulation

led to a slight increase in osmolality and a decrease in pH without
affecting the stability of cysteamine. All the measures applied showed
that transparency was 100%. Cysteamine hydrogel with hyaluronic
acid maintained its properties for 30 days after preparation. However,
because the addition of EDTA did not improve stability and the
use of benzalkonium chloride as a preservative was discarded, it is
recommended that the hydrogel should be stored in a refrigerator to
prevent microbiological growth and as an alternative method to sealing

the containers with nitrogf:n3 L
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The properties of cysteamine hydrogel have been described in previous
studies and the results of this stability study show that the use of
cysteamine hydrogel may increase therapeutic benefit in patients with
ocular cystinosis. In addition, this formulation may be an effective
alternative to those not marketed in Spain, but which are available for
importation. The cost of imported formulations is €37,728/y/patient,
whereas the estimated cost of producing the formulation is €1,080/y/
patient.

The authors conducted a survey using the mailing list of the Spanish
Society of Hospital Pharmacy (SEFH) and estimated that there are
currently 39 patients under treatment with ocular topical cysteamine
in Spain. Thus, the cost of this drug acquired through the Access to
Medicines not Authorized in Spain process would be €1,471,392/y. The
use of cysteamine hydrogel prepared in hospital pharmacy services would
provide patients with better access to treatment and achieve significant
savings for the Spanish National Health System.

Contribution to scientific literatura

Cysteamine eye drops are commonly prepared as a compounded
formulation in hospital pharmacy services. Two problems are associated
with these formulations: their low permanence at the ocular level and
the lack of studies on their stability. This article is the first study on the
stability of a cysteamine hydrogel with high ocular permanence, which
could be prepared by hospital pharmacy services, and may therefore
represent a great advance in the treatment of ocular cystinosis.

Acknowledgements

Special thanks to: All SEFH members who responded to the survey on the
use of ophthalmic cysteamine in Spain. This survey was conducted using
the mailing list of the SEFH.

Bibliography

Gahl WA, Thoene JG, Schneider JA. Cystinosis. N Engl ] Med.
2002;347(2):111-21. doi:10.1056/NEJMra020552

Linkage of the gene for cystinosis to markers on the short arm of
chromosome 17. The Cystinosis Collaborative Research Group. Nat
Genet. 1995;10(2):246-8. doi:10.1038/ng0695-246

Town M, Jean G, Cherqui S, Attard M, Forestier L, Whitmore SA, et al. A novel
gene encoding an integral membrane protein is mutated in nephropathic

cystinosis. Nat Genet. 1998;18(4):319-24. doi:10.1038/ng0498-319

Burki E. Ueber die Cystinkrankheit im Kleinkindesalter unter besonderer
Beriicksichtigung des Augenbefundes (About the Cystinosis in
infancy with special reference to eye findings). Ophthalmologica.
1941;101:331-42.



Anxo Ferndndez-Ferreiro, et al. Cysteamine ophthalmic hydrogel for the treatment of ocular cystinosis

Gahl WA, Kuehl EM, Iwata F, Lindblad A, Kaiser-Kupfer MI. Corneal
crystals in nephropathic cystinosis: natural history and treatment
with cysteamine eyedrops. Mol Genet Metab. 2000;71(1-2):100-20.

doi:10.1006/mgme.2000.3062

Pubchem. Cysteamine (C2H7NS). (Accessed June 22, 2017) Disponible en: h
ttps://pubchem.ncbi.nlm.nih.gov/compound/2-Aminoethanethiol

Thoene JG, Oshima RG, Crawhall JC, Olson DL, Schneider JA. Cystinosis.
Intracellular cystine depletion by aminothiols in vitro and in vivo. J Clin
Invest. 1976;58(1):180-9. doi:10.1172/JCI108448

Brodin-Sartorius A, Téte M-J, Niaudet P, Antignac C, Guest G, Ottolenghi

C, et al. Cysteamine therapy delays the progression of nephropathic
cystinosis in late adolescents and adults. Kidney Int. 2012;81(2):179-89.

doi:10.1038/ki.2011.277
Kaiser-Kupfer MI, Caruso RC,

nephropathic

WA. Long-term  ocular  manifestations

cystinosis. ~ Arch  Ophthalmol.1986;104(5):706-11.

archopht.1986.01050170096030

doi:10.1001/

Cysteamine Eye Drops to Treat Corneal Crystals in Cystinosis. Clinical Trial.
Clinicaltrials. gov (A service of the U.S. National Institutes of Health).
(Accessed May 6, 2016) Disponible en: https://clinicaltrials.gov

Kaiser-Kupfer MI, Gazzo MA, Datiles MB, Caruso RC, Kuehl EM, Gahl
WA. A randomized placebo-controlled trial of cysteamine eye drops
in nephropathic cystinosis. Arch Ophthalmol. 1990;108(5):689-93.
doi:10.100l/archopht.1990.01070070075038

Cystaran”. Prescribing information. (Accessed May 3, 2016) Disponible en: ht

tps://www.sigmatau.com

Cystadrops® 0,55% eye drops solution. Summary of product characteristics.
November 2015. (Accessed September 24, 2017) Disponible en: https://
www.medicines.org.uk/emc/medicine/34065

d’utilisation

Cystadrops® 0,55%  collyre en  solutions.

therapeutique et de recueil d’informations. Autorisation temporaire
d’utilisation dite de cohorte. (Accessed June 2016) Disponible
en: http://ansm.sante.fr/var/ansm_site/storage/original/application/fOf

8036949f10b1ce8dd7a7a0ab48927 pdf

Cysteamine Hydrochloride for nephropathic Cystinosis, open-label Phase III
pivotal study (CYSTADROPS CHOC study). Clinical Trials Register.
(Accessed June 18, 2016) Disponible en: hteps://www.clinicaltrialsregist

cr.cu

Velasquez G. El acceso global a los medicamentos en el contexto internacional

actual. Biomédica. 2011;31(2):162-3.

Luaces-Rodriguez A, Diaz-Tomé V, Gonzilez-Barcia M, Silva-Rodriguez
J, Herranz M, Gil-Martinez M, et al. Cysteamine polysaccharide
hydrogels: study of extended ocular delivery and biopermanence time
by PET imaging. Int J Pharm. 2017;528(1-2):714-22. doi:10.1016/

j-ijpharm.2017.06.060

Ferniandez Ferreiro A, Luaces—Rodriguez A, Gonzilez Barcia M, Otero Espinar

FJ, Lamas MJ. Evaluacién de la biopermanencia ocular in vivo de

tres formulaciones oftdlmicas de cisteamina clorhidrato. Farm Hosp.

2016;Supl1:79.


https://pubchem.ncbi.nlm.nih.gov/compound/2-Aminoethanethiol
https://pubchem.ncbi.nlm.nih.gov/compound/2-Aminoethanethiol
https://clinicaltrials.gov
https://www.sigmatau.com
https://www.sigmatau.com
https://www.medicines.org.uk/emc/medicine/34065
https://www.medicines.org.uk/emc/medicine/34065
http://ansm.sante.fr/var/ansm_site/storage/original/application/f0f8036949f10b1ce8dd7a7a0ab48927.pdf
http://ansm.sante.fr/var/ansm_site/storage/original/application/f0f8036949f10b1ce8dd7a7a0ab48927.pdf
https://www.clinicaltrialsregister.eu
https://www.clinicaltrialsregister.eu

Farmacia Hospitalaria, 2017,41(6), Nov-Dec, ISSN: 1130-6343 / 2171-8695

Guan X, Hoffman B, Dwivedi C, Matthees DP. A simultaneous liquid
chromatography/mass spectrometric assay of glutathione, cysteine,
homocysteine and their disulfides in biological samples. ] Pharm Biomed
Anal. 2003;31(2):251-61.

Lawal B. Development of a cysteamine in situ gelling system for the treatment
of corneal crystals in cystinosis. (Published July 2008. Accessed February
3,2016). Disponible en: https://cystinosis.org/images/research/updates/
CRN_Research_UpdateB.pdf

Qi B-L, Liu P, Wang Q-Y, Cai W-J, Yuan B-F, Feng Y-Q. Derivatization for
liquid chromatography-mass spectrometry. TrAC Trends Anal Chem.
2014;59:121-32. doi:10.1016/j.trac.2014.03.013

Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959;82(1):70-7.

Royal Pharmaceutical Society of Great Britain Dept of Pharmaceutical. The
Pharmaceutical Codex: Principles and Practice of Pharmaceutics. Twelfth
Edition. London: Pharmaceutical Press; 1994.

Barrueco N, Escobar Rodriguez I, Garcia Diaz B, Gil Alegre ME, Lépez Lunar
E, Ventura Valares MG. Estabilidad de medicamentos en la practica
clinica: de la seguridad a la eficiencia. Farm Hosp. 2013;37(3):175-7.
doi:10.7399/FH.2013.37.3.587

Iwata F, Kuehl EM, Reed GF, McCain LM, Gahl WA, Kaiser-Kupfer ML
A randomized clinical trial of topical cysteamine disulfide (cystamine)
versus free thiol (cysteamine) in the treatment of corneal cystine
crystals in cystinosis. Mol Genet Metab. 1998;64(4):237-42. d0i:10.1006/
mgme.1998.2725

Herreros JMA. Preparacion de medicamentos y formulacién magistral para
oftalmologia. Ediciones Diaz de Santos; 2003.

Ferniandez MA, Atienza JM, del Vayo CA. Formulacién en farmacia pediatrica.
Madrid. A. Madrid Vicente editores; 2011.

Asociacién de Formulistas de Andalucia. (Accessed May 28, 2016) Disponible
en: htep://www.formulistasdeandalucia.es/noticia.php?id=264

Rosin LM, Bell NP. Preservative toxicity in glaucoma medication: clinical
evaluation of benzalkonium chloride-free 0.5% timolol eye drops. Clin
Ophtha.lmol Auckl NZ.2013;7:2131-5. d0i:10.2147/OPTH.S41358

Convention USP. Farmacopea de los Estados Unidos de América, USP 37,
2014: Formulario nacional, NF 32. United States Pharmacopeia; 2013.

Practical Pharmaceutics. An International Guideline for the Preparation, Care
and Use of Medicinal Products. Yvonne Bouwman-Boer, V’]ain Fenton-
May, Paul Le Brun, editors. Springer 2015. (Accessed June 22, 2017).
Disponible en: http://www.springer.com/gp/book/9783319158136>

Appendix 1

Figura 7, Figura 8,


https://cystinosis.org/images/research/updates/CRN_Research_UpdateB.pdf
https://cystinosis.org/images/research/updates/CRN_Research_UpdateB.pdf
http://www.formulistasdeandalucia.es/noticia.php?id=264
http://www.springer.com/gp/book/9783319158136

Anxo Ferndndez-Ferreiro, et al. Cysteamine ophthalmic hydrogel for the treatment of ocular cystinosis

SENGIS Xestion da Xeslidn Integrada de Santiage de Compostela

de sAUDE |Sontiago pestela University Hospital Santiage de Compostela
Pharmacy Service

PHARMACEUTICAL COMPOUNDING PROTOCOL
A) CYSTEAMINE HYDROGEL WITH HYALURONIC ACID 0.55%

Dosage Torm: Opbvthiks, hydiagel Shell e 30 days
Admiristral. route; Topical ocular Prat. from ligh: Yes Vakdabon dale; DE21/2017
Gomgounding by: Pharmaciat Storage: Refrigerated (2 -8°C) Dispensable: Yaes
Addithonal infarmation Risi; level: MEDIUM

Dispose T days alter cpening. Compaunding: Sterike

Ingredients
Ingradient Quantity

Gysteamine hydrochionde 275,00 mg
Sodum hyaluronate [powder) 40.00 rg
BES53® eye diops {Balanced Sall Sclion) a8 50.00 ml
Equlnﬂ;lui;l Dll'or.tlonl. ;

= 1- Sterile plastic cup = Waigh the cysfeaming and sodivm hyaloronate in 108 mi stee plastic

+ 1 - Analytical balance CLps.

= 1= Magnetic stimer

&1 B0-ml Luer-Lock syinge  * in & horizondal famimar fow hood, add 40 mi of BSSE o the cup candaiming

& 1 = D 22wum fillee [Milipore fhe cysicamine, snvmummsnnrmfrawmuwmmm
Milen™ GS) or (Stericup™ Taliet Lol compistely dssoived.
Masck Millipona
Expreds VFiug) = Qnge ey, Sowly aod the fyafwomic acig, conlinuing fo st oitd
complaraly tssolvad,

= Transfer with a syrings and add BS5%40 50 mL,

= Transfer the enfire condent {50 mi ) back fa the glastc o and continie
magnetis stiming wnbl hamsgensous.

= Finally, use a syringe lo bransfer the 50 mL of cyslearmine hydropal and
perfoim stanizing Sifanng, SIong the starized cantsal in ambar (lass
Baltles. Nole: Fillgring of wicows Subslances can be grpensing wilf
conveniiona Miers. Theralon. vacwum fiferng /s wsed as an allemaiia:

@ Option 1: For small wiumes use Miipors Millex® GS)

@ Opfion 2 For langer volumes use Stencup® Merck Milipans Express™
PLUE @22 uim for vasuum Seerng.
Sem'm M ma

P;l;l:wﬂrlg Amount made, 50 mL dstibuted into 5 gledle 15.mL nhs! drnppelbo’luaceam filed with 10 mL.

Quality Contral
Tesi

Particulate testing
Microbislogical analysis

Docwment geasraled with PharmaSaite® froat Basasolf™ fwww basesol as) Pg. 172



Farmacia Hospitalaria, 2017, 41(6), Nov-Dec, ISSN: 1130-6343 / 2171-8695

SERVIZO Xestitn Integrada de Santiago de Compostela
AlEGO |Restion |
qg::l (;ES.&UI:‘JE ‘!ﬂﬂhﬂ% University Hospital Santiage de Compostela
Fharmacy Service

PHARMACEUTICAL COMPOUNDING PROTOCOL
A) CYSTEAMINE HYDROGEL WITH HYALURONIC ACID 0.55%

Authars

Anuxo Formandaz Forroing (Pharmadist)
Miguel Gonzder Barcia [Pharmacist)

Referances

1.- Andraa Luaces-Rodriguez y cols. Cysteamine polysacchande hydrogals: shudy of extanded ccular delivery and
bioparmanance tma by PET imaging, iat. J. Pharm. in Prass {2017

2.~ Anan Femdndaz Farrairo v cols. Evalusciin de la blepermanencia ooular in vivo da tres formulaciones oftalmicas
e cisteamina clorhidrata,, Farm, Hosp. 61 SEFH Congress (2016),

3.- Manusda Atenza Femandez, Formulacion en Farmascia Pediatica, 2005 drd edition - ISBN: B4- 689- 2529- 2. 4. -
M., Kaiser-Hupler, M.A, Gozzo, M.E. Datiles, R.C. Careso, EM. Huehil, WA, Gahl, A randomized placebo-conbroled
1rial of cysleaming eye drops in nephropalhic cyslinasls. Arch. Ophthaimal. Chic. I 1960,

10B- 19610- 656- 663,

Documeant ganstad will PhammaSuite® from Basesolt (www.basesolt es) Pg. 2/2

Appendix 2

Figura 11, Figura 12,



Anxo Ferndndez-Ferreiro, et al. Cysteamine ophthalmic hydrogel for the treatment of ocular cystinosis

SERVIZO Xestdn Integrada de Santiago de Compostela
6n rada
e ‘%"’M Univarsity Hospital Santiago de Compostala
Pharmacy Sarvice
PHARMACEUTICAL COMPOUNDING PROTOCOL

B) CYSTEAMINE HYDROGEL WITH HYALURONIC ACID 0.55%

Dipsage form: Ophshaim. hydrogeld Shealf lita: 30 days.
Addminigiral. redte: Topical coular Prot. fram light: Yes ‘alidaton dale: 0821/2017
Compounding by: Pharmacist Sleraps: Refrigerated [2 - 85C)  Dispensable: Yes
Additional Infermatian I ;
Risk I 5
Dispase T days after opening sk el MEDIN
| Compounding: Sterile
Ingredients
Imgredient Cuiant ity
Cysteaming hydrochionde 27500 mg
B55™ eye drops (Balanced Sai Solulion) 500 mi
Sheriie atificial tear drops with hyaiuronic acd 0.4% Acuoral® a8 50.00 mi
Equipamant Diractions
= 1 - Gterde plastic cup « Wiaigh the cystasming in a sterils plasiic cup.
* 1 - Analylic batanss
= 1 - Magnetc stimer = Inn & honzonts! lamwiar fiow hood, add 5 mi of BS5® 1o fhe cup contaimng
® 1 - 80 mL Luer®-Lock cysfeamine. Mix in a magrnetic sfimer with a previowsly sterdfzed sfirng bebled,

wnhl compleialy dizsobed,

» Trangfer ihe cysieamine solufion i & Syrnge and parform sheriizing fitesdag
(Miiporex Milox® G5), ihen fransfer the Mered confent io & §0-mL syringe.

= Next, agd atdoal fear orpgs ie complele 58 mi,
« Hamegenize By meving [he Syings and then disribiold ints armber glass
botties,

Eyfinge
® 1 - 0.22-pm filter (Millipora
Millex® G5}

= Seal and label botiles.

Packaging: Cuaniity fo manufaciure, 50 mbL disinbuied in 5 sledle 15-ml glass dropper bodties each filled with 10 mL

Cueality Contral
Test
Particulate testing
Microbiological analysis
Authors

Anee Farndndez Ferreiro (Pharmaciat)
Miguel Gonzdlez Barcla (Pharmacist)

References
1.- Andrea Luaces-Rodriguez y cals, Cysteamine polysecshanide hydregeis: sludy of extenced ocular deivery and
bicpermanence lime by PET imaging. Ink. J. Pharm. In Press [2007).
2.- Anxo Femindez Fermairo y cots. Evaluscitn de |a biopermanenca oswlar in vivo de ires formulaciones ofidscas

de gsleaming clodhicrato., Fanm. Hosp. 61 SEFH Congress (2016L

Decumant generaled with PharmaSuite® fiom Basesol? feww basesof o5) moil2



Farmacia Hospitalaria, 2017,41(6), Nov-Dec, ISSN: 1130-6343 / 2171-8695

SERVIZO |

5 [ Xestion ki Xestidn Integrada oe Santiags de Compostela
df'gfugf_ g"m‘rﬁg&“mﬂ University Hospital Santlago de Compostela
; Phanmacy Service

PHARMACEUTICAL COMPOUNDING PROTOCOL
B) CYSTEAMINE HYDROGEL WITH HYALURONIC ACID 0.55%

3. Manuela Atieriza Fearmandez, Formulasdn en Farmacia Pediatrica, 2005 3ad editien - ISBMN: 84- 588 3534.2 4 -
BA.L Maiser-Kupser, M.A. Gazzo, MB., Daties, R.C. Camnss, EM. Kuehl, WA, Gahl, A randemized piacebo-contraliad
#rial of cysteamine eye drops in nephropathic cystinesis, Asch, Ophthalmeol, Che. Il 1960,

103- 1950- 635 633,

Dacwment generated with PharmaSuite™ from Basesol™ fwvw basesotes) Pg 272

Notes

Funding Funding for staff hiring: A.F-F, Carlos III Health Institute (ISCIII)
CM15/00188 Funding for research projects: Mutua Madrilefia Foundation
and the Spanish Foundation of Hospital Pharmacy.

Author notes

Autor para correspondencia. Marfa Jesus Lamas Correo
electrénico: maria.jesus.lamas.diaz@sergas.es Francisco Javier
Otero Espinar Correo electrénico: francisco.otero@usc.es



