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Abstract

Aim of the study: Hydrocortisone is a soft steroid with low anti-inflammatory prop-
erties and a short duration of action, used to manage several ocular conditions. The
clinical benefits and side effects associated with hydrocortisone are well docu-
mented, but its basic pharmacokinetic in the eye is yet to be fully elucidated. The
purpose of this study is to investigate the anterior chamber penetration capabilities
of hydrocortisone when used in different concentrations as eye drops treatment.
Materials and Methods: This is a double-blind, single-centre, randomised clinical trial
performed at the Department of Medicine and Surgery of the University of Perugia
(Italy) on consecutive patients who undergone phacoemulsification with intraocular
lens implantation. Patients were randomly assigned on the morning of surgery to
receive a single instillation of 0.33% (group A) or 0.001% (group B) hydrocortisone
sodium phosphate solution. Group of patients C did not receive any treatment and
was used to measure the hydrocortisone endogenous levels. Before surgery, one
aliquot of aqueous humor for each patient was aspirated. The time of collection for
each sample was recorded. Hydrocortisone concentrations were then stratified into
six interval classes of 30 minutes each.

Results: The mean concentration of hydrocortisone was significantly higher in group
A (25.2 + 12.4 ng/mL) compared with group B (7.11 + 1.51 ng/mL) and compared
with the mean hydrocortisone endogenous levels (3.92 + 1.18 ng/mL) (P < .0001). No
statistically significant differences of hydrocortisone mean concentrations between
group B and the mean endogenous levels were found.

Conclusions: Considering the frequent need for prolonged topical steroid therapies
and the possible consequent undesirable side effects, ophthalmologists should con-
sider the lowest clinically effective dose of hydrocortisone useful to obtain the de-
sired therapeutic effect and in an adequate time, to minimise the amount of steroids
into the anterior chamber and to avoid side effects like intra-ocular pressure increase

or cataract development.
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1 | INTRODUCTION

Ophthalmic eye drops of steroids are widely used to manage several
ocular conditions, such as conjunctivitis, uveitis and diabetic macular
edema.t™®

Steroids on the market for topical ocular administration have
different concentrations of the active ingredient and different for-
mulations (solutions, suspensions, gels): this can lead to a different
efficacy and amount penetration in the anterior chamber.® This as-
pect has a relevant importance since the use of effective steroid
drugs with reduced side effects related to their penetration in the
humor aqueous is a therapeutic need; consequently, their correct
use in the clinical practice should be elucidated.

In the last years, the interest is growing towards topical “soft
steroids”, such as loteprednol and hydrocorticosteroids, which are
mostly used in chronic diseases because of their higher safety pro-
file.%” This class of steroids is particularly indicated in chronic eyes
pathologies when a long-term treatment is required, to avoid the
typical side effects of conventional steroids used topically, such as
the risk of cataract development and the increase in intra-ocular
pression.®®

Hydrocortisone is a soft steroid with low anti-inflammatory
properties and a short duration of action. The clinical benefits and
side effects associated with hydrocortisone are well documented,’
but its basic pharmacokinetic in the eye is yet to be fully elucidated.
Indeed, to the best of our knowledge, the pharmacokinetic profile of
hydrocortisone has been investigated only in in vivo animal models*°
or in humans after subconjunctival injection.**

The purpose of this study is to investigate the anterior chamber
penetration capabilities of hydrocortisone used in different concen-
trations as eye drops treatment, for a more conscious use of this soft
steroid to treat ocular disease conditions.

2 | PATIENTS AND METHODS
2.1 | Subject and study design

This is a double-blind, single-centre, randomised clinical trial per-
formed at the Ophthalmology Section of the Department of
Medicine and Surgery of the University of Perugia (Italy). This study
involved consecutive patients of both genders aged >18 years with
a cataract who underwent phacoemulsification with intraocular lens
implantation.

Exclusion criteria were any previous ocular surgery and a history
of uveitis or trauma, and eye diseases, such as corneal pathologies,
hypertension or glaucoma, pseudoexfoliation syndrome and those
receiving any ophthalmic therapy.

Included patients were randomly assigned to one of the follow-
ing groups on the morning of surgery:

e Group A: patients received a single instillation of hydrocorti-
sone sodium phosphate 3.040 ug/mL solution (Cortivis, 0.33%;
Medivis Srl, Tremestieri Etneo).

e Group B: patients received a single instillation of hydrocortisone
sodium phosphate 10 ug/mL and sodium hyaluronate 2.00 mg/mL
solution (Idroflog, 0.001%; Alfa Intes).

e Group C: Control group. Patients did not receive any treatment.

The study protocol was approved by the local ethics committee
(CER Umbria, register number 3500/19), and was conducted in ac-
cordance with the Declaration of Helsinki. Written informed consent

was obtained from all patients.

2.2 | Study procedures

All interventions were performed in treatment-blind by the same
experienced surgeon (CC). Before the surgery, a drop of the hy-
drocortisone product was instilled in the eye to be operated on
and the moment of instillation was recorded. The patients’ pupils
were dilated by introducing a phenylephrine and tropicamide insert
(Mydriasert, Théa Farma SpA) into the eyelid fornix about 60 min-
utes before surgery. Topical anesthesia (lidocaine 4%) was applied
three- or four-times, and then immediately before surgery an aliquot
of 40-120 mL of aqueous humor was aspirated by means of para-
centesis using an insulin syringe. The aqueous humor sample was
promptly transferred to Eppendorf vials and immediately stored at
-20°C. The time of collection for each sample was recorded.
Hydrocortisone concentrations were stratified into six interval
classes of 30 minutes each, based on the time between the eye drop
instillation and the aqueous humor collection. Samples obtained by
patients of the study group C were used to evaluate the mean en-

dogenous concentration of hydrocortisone.

2.3 | Liquid chromatography-mass
spectrometry analysis

Hydrocortisone  concentrations were obtained by liquid
chromatography-mass spectrometry (LC/MS) analysis. LC separation
was achieved by gradient elution with a mobile phase of acetonitrile
and water in an Ascentis® Express C18, 2.7 um column (Supelco).

MS analysis was performed using an Agilent 6530 Q-TOF mass
spectrometer (Agilent Technologies, Inc). Hydrocortisone and D4-
hydrocortisone were identified as [M-H]™ ions based on accurate
mass and MS/MS spectra.

Quantitative data were obtained using Agilent MassHunter
quantitative analysis software (ver. B.09.00). The limit of quantifica-
tion and the limit of detection of the drug were found experimentally

as 0.5 and 0.01 ng/mL, respectively.
2.4 | Statistical analysis
Continuous variables were summarised by mean values and the

standard deviation (SD). One-way ANOVA followed by post-hoc
analysis has been applied to evaluate the experimental results.
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3 | RESULTS

A total of 154 Caucasian patients (86 were females, 56%) were in-
cluded in the study: 88 in group A (mean age + SD: 78.0 + 5.6 years),
56 in group B (mean age + SD: 76.2 + 6.8) and 10 in group C (mean
age + SD: 76.8 + 5.3). Overall, the mean concentration of hydrocor-
tisone was significantly higher in group A (25.2 + 12.4 ng/mL), com-
pared with group B (7.11 + 1.51 ng/mL) and compared with the mean
hydrocortisone endogenous levels (3.92 + 1.18 ng/mL; P <.0001).

No statistically significant increase of hydrocortisone mean con-
centrations in the aqueous humor was observed in group A with
respect to group B at 0-29 minutes (5.3 + 2.9 vs 6.0 + 0.3 ng/mL,
respectively) and at 30-59 minutes (15.0 + 6.8 vs 7.2 + 2.3 ng/mL,
respectively) and to endogenous concentrations. A statistically
significant increase in hydrocortisone was observed in group A at
the other time points, if compared with group B (60-89 minutes:
35.2 + 20.2 ng/mL in group A, 9.0 + 5.3 ng/mL in group B; 90-
119 minutes: 35.2 + 22.5 ng/mLin group A, 8.2 + 5.0 ng/mL in group
B; 120-149 minutes: 33.4 + 20.3 ng/mL in group A, 7.3 + 3.5 ng/mL
in group B; 150-180 minutes: 26.9 + 20.0 ng/mL in group A,
4.8 + 3.7 ng/mL in group B).

There were no statistically significant differences of hydrocorti-
sone mean concentrations between group B and the control group,
in any of the time intervals considered (Figure 1).

4 | DISCUSSION

This study demonstrates that the eye drops hydrocortisone con-
centration significantly conditioned its penetration in the anterior
chamber.

In particular, the high concentration of hydrocortisone induces
a high penetration of the drug into the anterior chamber. Indeed,
in the group of patients treated with the highest concentration
of hydrocortisone, a 6.6-times higher level of hydrocortisone was
found at peak, detected between 60 and 120 minutes after the in-
stillation, compared with the mean endogenous concentration. In
group A patients, the steroid amount persists at a relatively stable
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high concentration until around 150 minutes, followed by a slow
decrease.

Otherwise, in the group treated with the low hydrocortisone
concentration solution, the hydrocortisone amount remained almost
stable during the study period. This amount was not significantly dif-
ferent from hydrocortisone endogenous levels, which are normally
present in the aqueous humor to preserve the immune-privilege
status of the anterior chamber, together with TGF-f2 and the a-
melanocyte-stimulating hormone (a-MSH).1213

The implications of this study lie in the use of hydrocortisone-
based preparations in the daily clinical practice for the treatment of
various eye diseases. The penetration capacity of drugs in ophthal-
mology was a neglected aspect for a long time, but recently, this
topic has been addressed by numerous studies and the ability of an-
tibiotics, steroids and NSAIDs to penetrate the anterior chamber has
been extensively evaluated.**%!

These studies were often correlated with the definition of thera-
peutic capabilities of the different compounds to optimise their use
and promote a correct therapeutic attitude.'>?2%4

Our results suggest that high concentrations in the eye drops are
required to significantly change the concentration of hydrocortisone
in the anterior chamber. Even if the complications or adverse effects
related to both the low- and high-concentration treatments were
not studied, we can suggest that eye drops with a low concentration
of hydrocortisone could represent an adequate and safe option for
a prolonged treatment in those conditions when we can observe a
mild-to-moderate chronic ocular surface inflammation associated
with lacrimal tears alteration, as dry eye disease or after routine cat-
aract surgery, as their administration does not appear to change the
anterior chamber concentration of hydrocortisone.?>2%

This study presents some limitations, including the relatively
low number of samples and the lack of in-depth analysis of the anti-
inflammatory activity and toxic effect of the hydrocortisone con-
centration observed in the anterior chamber. This aspect should be
evaluated in future studies on larger samples.

To conclude, considering the frequent need for prolonged top-
ical steroid therapies and for the possible consequent appearance
of undesirable side effects, ophthalmologists should consider
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the lowest clinically effective dose of drug useful to obtain the
desired therapeutic effect and, in an adequate time, to minimise
the amount of steroids into the anterior chamber and to avoid
side effects, such as intra-ocular pressure increase or cataract

development.

ACKNOWLEDGEMENTS

Editorial assistance was provided by Simonetta Papa, PhD, and
Aashni Shah (Polistudium SRL, Milan, Italy). This assistance was sup-
ported by Alfa Intes. Open Access Funding provided by Universita
degli Studi di Perugia within the CRUI-CARE Agreement.

DISCLOSURES
The authors have declared no conflicts of interest.

ORCID
Carlo Cagini https://orcid.org/0000-0002-3812-9219
REFERENCES

1. Cunningham ET, Wender JD. Practical approach to the use of corti-
costeroids in patients with uveitis. Can J Ophthalmol. 2010;45:352-
358.10.3129/i10-081

2. Villani E, Garoli E, Termine V, Pichi F, Ratiglia R, Nucci P. Corneal
confocal microscopy in dry eye treated with corticosteroids.
Optom Vis Sci. 2015;92(9):290-e295. 10.1097/0PX.0000000000
000600

3. Lattanzio R, Cicinelli MV, Bandello F. Intravitreal steroids in diabetic
macular edema. Dev Ophthalmol. 2017;60:78-90. 10.1159/00045
9691

4. Holland EJ, Fingeret M, Mah FS. Use of topical steroids in conjunc-
tivitis: a review of the evidence. Cornea. 2019;38(8):1062-1067.
10.1097/1C0O.0000000000001982

5. Nourry H, Viard C, Cambourieu C, Warnet JM. A relevant choice
for corticoid eye drops: solution or suspension? JFR Ophtalmol.
2011;34:691-696.

6. McGhee CNJ, Dean S, Danesh-Meyer H. Locally administered oc-
ular corticosteroids benefits and risks. Drug Saf. 2002;25(1):33-55.
doi:10.2165/00002018-200225010-00004

7. Sherif Z, Pleyer U. Corticosteroids in ophthalmology: past - present
- future. Ophthalmologica. 2002;216(5):305-315.

8. Sheppard JD, Comstock TL, Cavet ME. Impact of the topical oph-
thalmic corticosteroid loteprednol etabonate on intraocular pres-
sure. Adv Ther. 2016;33(4):532-552. 10.1007/s12325-016-0315-8

9. Kallab M, Szegedi S, Hommer N, et al. Topical low dose
preservative-free hydrocortisone reduces signs and symptoms in
patients with chronic dry eye: a randomized clinical trial. Adv Ther.
2020;37(1):329-341. 10.1007/s12325-019-01137-8

10. Bucolo C, Fidilio A, Fresta CG, et al. Ocular pharmacological
profile of hydrocortisone in dry eye disease. Front Pharmacol.
2019;10:1240. 10.3389/fphar.2019.01240

11. Jain MR, Srivastava S. Ocular penetration of hydrocortisone and
dexamethasone into the aqueous humour after subconjunctival in-
jection. Trans Ophthalmol Soc UK. 1978;98(1):63-65.

12. Denniston AK, Kottoor SH, Khan I, et al. Endogenous cortisol
and TGF-beta in human aqueous humor contribute to ocular im-
mune privilege by regulating dendritic cell function. J Immunol.
2011;186(1):305-311. 10.4049/jimmunol.1001450

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Knisely TL, Hosoi J, Nazareno R, Granstein RD. The presence of
biologically significant concentrations of glucocorticoids but little
or no cortisol binding globulin within aqueous humor: relevance
to immune privilege in the anterior chamber of the eye. Investig
Ophthalmol Vis Sci. 1994;35(10):3711-3723.

Balzli CL, Caballero AR, Tang A, Weeks AC, O’'Callaghan RJ.
Penetration and effectiveness of prophylactic fluoroquinolo-
nes in experimental methicillin-sensitive or methicillin-resistant
Staphylococcus aureus anterior chamber infections. J Cataract
Refract Surg. 2010;36:2160-2167.

Kim DH, Stark WJ, O'Brien TP, Dick JD. Aqueous penetration and bi-
ological activity of moxifloxacin 0.5% ophthalmic solution and gati-
floxacin 0.3% solution in cataract surgery patients. Ophthalmology.
2005;112:1992-1996.

Solomon R, Donnenfeld ED, Perry HD, et al. Penetration of topically
applied gatifloxacin 0.3%, moxifloxacin 0.5%, and ciprofloxacin
0.3% into the aqueous humor. Ophthalmology. 2005;12:466-469.
Cagini C, Piccinelli F, Lupidi M, et al. Ocular penetration of topical
antibiotics: study on the penetration of chloramphenicol, tobramy-
cin and netilmicin into the anterior chamber after topical adminis-
tration. Clin Experiment Ophthalmol. 2013;41(7):644-647.

Cagini C, Cometa F, Torroni G, Pellegrino A, Pellegrino R, Cavallini
GM. Dexamethasone disodium phosphate penetration into the
human aqueous humor after topical application. Curr Eye Res.
2016;41(7):897-899. 10.3109/02713683.2015.1083589

Cagini C, Pellegrino A, lannone A, et al. Comparison of anti-
inflammatory effects of eye drops formulations after uncomplicated
cataract surgery. Ther Adv Ophthalmol. 2020;12:2515841420924304.
10.1177/2515841420924304

MacriA, Vagge A, Salis A, et al. Bromfenac ophthalmic solution 0.09 %:
human aqueous humor concentration detected by high-performance
liquid chromatography. Int Ophthalmol. 2017;37(2):417-421.

Unlu N, Kocaoglan H, Sayin F, et al. Penetration of topically applied
diclofenac and ketorolac into the aqueous humour and subreti-
nal fluid: randomized clinical trial. Can J Ophthalmol. 2010;45(6):
610-615.

Cagini C, Dragoni A, Orsolini G, et al. Aqueous humor antimicro-
bial activity: in vitro analysis after topical 0.5% chloramphenicol
application. Curr Eye Res. 2017;42(6):847-851. 10.1080/02713
683.2016.1256414

De Miranda AP, Silva CB, Mimica LM, Moscovici BK, Malavazzi
GR, Hida RY. In vitro antimicrobial analysis of aqueous humor after
topical application of moxifloxacin hydrochloride 0.5%. J Cataract
Refract Surg. 2015;41:135-139.

Schoenberger SD, Kim SJ, Sheng J, Calcutt MW. Reduction of vitre-
ous prostaglandin E2 levels after topical administration of ketorolac
0.45%. JAMA Ophthalmol. 2014;132(2):150-154.

Naderi K, Gormley J, O'Brart D. Cataract surgery and dry
eye disease: a review. Eur J Ophthalmol. 2020;30(5):840-855.
10.1177/1120672120929958

Yagci A, Gurdal C. The role and treatment of inflammation in dry
eye disease. Int Ophthalmol. 2014;34(6):1291-1301. 10.1007/s1079
2-014-9969-x

How to cite this article: Cagini C, Muzi A, Castellucci G, et al.
Kinetics of hydrocortisone sodium phosphate penetration
into the human aqueous humor after topical application. Int J
Clin Pract. 2021;75:e14987. doi:10.1111/ijcp.14987


https://orcid.org/0000-0002-3812-9219
https://orcid.org/0000-0002-3812-9219
https://doi.org/10.3129/i10-081
https://doi.org/10.1097/OPX.0000000000000600
https://doi.org/10.1097/OPX.0000000000000600
https://doi.org/10.1159/000459691
https://doi.org/10.1159/000459691
https://doi.org/10.1097/ICO.0000000000001982
https://doi.org/10.2165/00002018-200225010-00004
https://doi.org/10.1007/s12325-016-0315-8
https://doi.org/10.1007/s12325-019-01137-8
https://doi.org/10.3389/fphar.2019.01240
https://doi.org/10.4049/jimmunol.1001450
https://doi.org/10.3109/02713683.2015.1083589
https://doi.org/10.1177/2515841420924304
https://doi.org/10.1080/02713683.2016.1256414
https://doi.org/10.1080/02713683.2016.1256414
https://doi.org/10.1177/1120672120929958
https://doi.org/10.1007/s10792-014-9969-x
https://doi.org/10.1007/s10792-014-9969-x
https://doi.org/10.1111/ijcp.14987

