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Aim: Tacrolimus is an immunosuppressive drug with higher potency compared to cyclos-
porine A (as a useful immunosuppressant). We prepared an ophthalmic solution formulation
of Tacrolimus using hydroxypropyl beta cyclodextrin (HP-BCD). In the present study, safety
of this formulation was investigated in rabbits.

Materials and Methods: Formulation containing HP-BCD, Tacrolimus, Polyvinyl
alcohol (PVA) and Benzalkonium Chloride in PBS 7.4 was prepared. Tacrolimus concentra-
tion in ophthalmic preparation was 0.05% w/v. Ten male New Zealand white rabbits were
housed in clean separated cages. One drop of Tacrolimus prepared formulation and a placebo
formulation were applied every 12 hrs in the right and left eyes respectively, for 28 days.
Results: This new aqueous formulation of Tacrolimus could improve Tacrolimus solubility
about 42 times. Clinical examinations on the 1Ist, 3rd, 7th, 14th and 28th days of study
showed transient redness and conjunctivitis in some cases of both control and intervention
groups that was not persistent. At the end of the study, there were no statistical differences
between the two groups in corneal epithelial defect, redness or pathological evaluations.
Conclusion: The results of this study suggest that eye drop formulation of CD-Tacrolimus
is safe in preliminary evaluations and can be useful for further studies.

Keywords: Tacrolimus, hydroxypropyl beta cyclodextrin (HP-BCD), animal study, ocular

administration, safety

Introduction
Tacrolimus (FK506), is a macrolide with immunomodulatory function and derived
from streptomyces tsukubaensis." First oral and parenteral Tacrolimus preparations
were approved for preventing rejection following organ transplantation.®
Tacrolimus acts through mechanisms similar to cyclosporine A; and it is 10 to
100 times more potent.' Both of them are calcineurin inhibitors and block T cells
activation.” It was found that Tacrolimus inhibits histamine release from mast cells’
and also inhibits the release of inflammatory cytokine (e.g., interleukin-2, IL-3,
IL-4, IL-5, IL-8, interferon-gamma, tumor necrosis factor-a) and through this
suppresses the immune system response’* It has been indicated to be an effective
immunosuppressant in vivo and in vitro.

Tacrolimus has been used in various ophthalmic inflammatory disorders includ-
ing anterior segment diseases,’ severe atopic blepharoconjunctivitis,® vernal
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keratoconjunctivitis,” atopic keratoconjunctivitis,® kerato-
conjunctivitis sicca (KCS),” and giant papillary
conjunctivitis.'°

Previous studies on the use of topical Tacrolimus have
shown good levels of effectiveness in the improvement of
ocular symptoms, with no significant adverse effects.*
Preparing an ophthalmic formulation of Tacrolimus is
limited by its poor water solubility (about 5-8 pg/mL)."
This low water solubility along with relatively high mole-
cular weight (804.02 g/mol) leads to poor corneal epithe-
lium penetration of FK506.'

KCS, commonly called Dry Eye Disease (DED), is
a growing public health concern especially in the elderly
and female population.”'?!*

Dry eye as a result of reduced tear production (KCS) or
excessive tear evaporation is a multifactorial disease of the
tears and ocular surface and results in eye discomfort and
visual disturbance. It has the potential of causing damage
to the ocular surface and/or bacterial keratitis.”'? The first-
line treatment is frequent administration of artificial tears
which helps to prevent the development of severe KCS.'

There are well known connections between dry eye
syndrome and several auto-immune and inflammatory sys-
temic diseases such as SS, rheumatoid arthritis, sclero-
derma, polymyositis, and systemic lupus erythematosus,
among others.” Although not fully understood, both etio-
logical reasons (reduced tear production or increased tear
evaporation) induces an inflammation response on the
ocular surface and exacerbates annoying symptoms.'* So
controlling the inflammation as a major factor in DED is
key in the treatment of this condition.’

Long-term administration of topical glucocorticoids
induces ocular complications. Use of topical immunosup-
pressants was considered as an alternative and increased
their application. They decrease the inflammation and also
in some cases increase the production of tears."

Using cyclodextrins (CDs) is one of the important
practical approaches to improve the solubility of low
water soluble drugs.'® They are a group of biocompatible
cyclic oligosaccharides with a hydrophilic outer surface
and a hydrophobic interior cavity and can incorporate
hydrophobic drugs in their central cavity to form a water
soluble inclusion complex.'2° There are three natural
CDs with different ring size and solubility. a-, -, and
y-CDs have 6, 7, or 8 glucose units respectively.'’
The small cavity size of a-CD makes it inappropriate for

many drugs and y-CD costs expensive. B-CD is readily

available and its cavity size is suitable for a wide range of
drugs."”

Several kinds of CD derivatives have been prepared in
efforts to improve their hydrophilicity (the methylated,
hydroxypropylated, and sulfobutyl ether derivatives,
among others).'®

In this study we tried to increase water solubility of
Tacrolimus using hydroxypropyl beta CD (HP-BCD) in
order to reach an ophthalmic drop formulation. Then we
evaluated the in vivo local tolerance and safety of the final

formulation in rabbits.

Materials and Methods

Materials

HP-BCD was purchased from Shandong Binzhou Zhiyuan
Biotechnology Co., Ltd (Shandong, China). Tacrolimus
monohydrate powder was prepared from Aburaihan
Pharmaceutical Co. (Tehran, Iran). Benzalkonium
Chloride and PVA 72,000 were obtained from Merck
(Germany). Methanol and Acetonitrile HPLC grade were
obtained from Duksun pure chemicals company (Korea).
Phosphate buffered saline tablets were prepared from
Sigma-Aldrich.

Male New Zealand white rabbits (weighing 2.5-3 kg)
were purchased from Razi Vaccine and Serum Research
Institute (Mashhad, Iran), and housed under standard con-
ditions. All procedures performed in this study on live
rabbits were organized according to guidelines for animal
experimentation of the Institutional Animal Care and
approved by local ethical research committee in Birjand
University of Medical Sciences.

Methods
Preparation of Formulation
A formulation containing 20% W/V HP-BCD, Tacrolimus
(3mg/mL), PVA (14 mg/mL) and Benzalkonium Chloride
(0.13 mg/mL) in PBS 7.4 was mixed and rotated on a solar
panel rotator for 24 hrs in room temperature. The final
solution was centrifuged (14,000 rpm, 10 min) and super-
natant was filtrated through 0.22 um syringe filter and trans-
ferred into sterile containers under a laminar flow hood.
The placebo formulation was prepared in the same
procedure and contained all excipient but no Tacrolimus.

Evaluation of Loading Efficiency

A High Performance Liquid Chromatography (HPLC)
method was used to reach a standard curve and determine
the concentration of Tacrolimus in the final product.
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Tacrolimus concentration range of 70-1000 pg/mL
was determined by HPLC-UV/Vis method at 215 nm and
60°C. Samples were chromatographed through a 4.6 mm x
250 mm reverse phase C18 column (Knauer, Germany).
Mobile phase composed of filtrated deionized water: acet-
onitrile: phosphoric acid (30:70:0.2 v/v %) (pH 3.5). The
flow rate was adjusted on 1.0 mL/min and the volume of
each injection was 20uL.>' Standard solutions were
diluted in filtrated deionized water: HPLC grade acetoni-
trile (50:50). The retention time was 14.1 min (Figure 1).

A sample of prepared formulation was diluted to the
range of the standard curve in filtrated deionized water:
HPLC grade acetonitrile (50:50) and the concentration was
determined through the described HPLC method.

In vivo Animal Study
10 male New Zealand white rabbits (weighing 2.5-3 Kg)
were housed in clean separated cages in 12 hr phase
shifts of the light/dark cycle. They had accessto water
and food and the room temperature and humidity were
set at 22-23 °C and 40+5%.

One drop of prepared theTacrolimus formulation and
the placebo formulation were applied every 12 hrs in
the right and left eyes respectively, for 28 days.

Examination Protocol
Eyes were evaluated macroscopically for any symptoms of
redness while receiving both treatments. Anterior segment
examination with slit lamp including fluorescein-dye stain-
ing of cornea was done at 4 time points during the study
(days 1, 7, 14 and 28).

Histopathological Evaluations

All animals were anesthetized on day 30 with an intramus-
cular injection of a mixture of ketamine hydrochloride
(40 mg/kg) and xylazine (10 mg/kg) with adherence to the
declaration of Helsinki. Three rabbits were randomly cho-
sen, their eyeballs separated and fixed in formalin and tissue
pathological assessments including corneal epithelial
defects and follicular inflammations and also corneal stem
cells evaluations were performed by Pathologist on sepa-
rated tissues. The protocol of the animal study proceeded
according to the procedure described by the Ethics

Committee of Birjand University of Medical Sciences.

Statistical Analysis
Statistical analyses were performed using SPSS v. 22.0.
Comparisons of categorical variables were done through

the chi-square test or Fisher exact test as appropriate.

Figure | Chromatogram of Tacrolimus in eye drop formulation.
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Results
Drug Loading Efficiency

The HPLC standard curve was linear over evaluated con-
centrations (r°=0.9912) and 0.503 mg/mL Tacrolimus was
determined in 20% HP-BCD solution.

Relative Frequency of Alteration in
Epithelial Cells

A fluorescein test was done on 20 eyes and in 4 times
checkup of each. According to the results, only one rabbit
showed an epithelial defect in both eyes on days 7 and 14
but the damage had disappeared by day 28. Clinical exam-
inations on the other 18 eyes were normal. The Fisher
exact test between intervention and control groups showed
no significant differences in terms of corneal epithelial
defect (p value = 1) (Table 1).

Relative Frequency of Conjunctiva Redness
First day of clinical examination showed no eye redness.
On day 7, one rabbit had mild redness in both eyes and the
others showed a normal pattern. On day 14, redness was
still evident in the previously mentioned rabbit’s eyes.
Also, mild redness in the left eyes of 5 rabbitswho
received the placebo formulation and a moderate redness
in one rabbit’s left eye was obvious. In the last clinical
examination (day 28) none of the right eyes (which
received the Tacrolimus formulation) or left eyes (even
those presenting with redness in previous clinical exam-
inations) showed any signs of redness.

Statistical analysis using the Fisher exact test revealed
no significant differences in terms of redness (p
value>0.05) between the intervention and control groups

in any of the clinical examinations(Table 2).

Table | Relative Frequency of Alteration in Epithelial Cells

Table 2 Relative Frequency of Conjunctiva Redness

Study | Conjunctiva | Control Intervention Fisher Exact
Day Redness Group Group N (%) | Test Results
N (%)
Day | Normal 10 (100%) | 10 (100%) P=1
Mild 0 (0%) 0 (0%)
Moderate 0 (0%) 0 (0%)
Severe 0 (0%) 0 (0%)
Day 7 Normal 9 (90%) 9 (90%) P=1
Mild I (10%) 1 (10%)
Moderate 0 (0%) 0 (0%)
Severe 0 (0%) 0 (0%)
Day 14 | Normal 3 (30%) 9 (90%) Fisher’s exace=
Mild 6 (60%) I (10%) 5/59 P = 0.06
Moderate I (10%) 0 (0%)
Severe 0 (0%) 0 (0%)
Day 28 | Normal 10 (100%) | 10 (100%) P=1
Mild 0 (0%) 0 (0%)
Moderate 0 (0%) 0 (0%)
Severe 0 (0%) 0 (0%)

Relative Frequency of Pathological
Changes

Pathological evaluations were done in 6 eyes (3 eyes
received the placebo formulation and 3 eyes received
the Tacrolimus formulation).

In Placebo-Receiving Eyes

Chronic conjunctivitis was detected in one eye and
Follicular conjunctivitis was observed in another two
eyes (Figure 2).

In Tacrolimus-Receiving Eyes

One eye with chronic conjunctivitis and one eye with
follicular conjunctivitis were recognized. A third eye had
pathologically normal features (Figure 3).

Statistical analysis on the Fisher exact test revealed no
significant statistical differences between the intervention
and control groups in terms of pathological evaluations
(p value = 1) (Table 3).

Discussion

Tacrolimus as a macrolide has immunomodulatory
effects and is about 10-100 times more potent than
cyclosporine A in the same mechanism of action;' how-
ever poor aqueous solubility is the main limiting factor
for its application.”? Systemic uses of Tacrolimus in
treatment of ophthalmic immune-mediated problems

Study | Epithelial | Control Intervention | Fisher

Day Cells Group Group N (%) | Exact Test
Defect N (%) Results

Day | Yes 0 (0%) 0 (0%) P=1
No 10 (100%) | 10 (100%)

Day 7 | Yes 1 (10%) I (10%) P=1
No 9 (90%) 9 (90%)

Day 14 | Yes 1 (10%) I (10%) P=1
No 9 (90%) 9 (90%)

Day 28 | Yes 0 (0%) 0 (0%) P=1
No 10 (100%) | 10 (100%)
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Figure 2 Pathological pictures of a right eye with mild chronic conjunctivitis
(A and B).

such as uveitis, eyes dryness following graft-versus-host
disease, corneal transplants and ocular pemphigoid is
routine.! In case of topical eye drop formulations;
Tacrolimus 0.03%

showed to be effective in improving the symptoms of

in olive oil was introduced and

severe allergic conjunctivitis.>> Also an almond oil for-
mulation (containing 0.03% Tacrolimus) in humans®*
and a suspension form (containing 0.02% Tacrolimus)
in dogs® were newly established and showed good
efficacies. Topical Suspension formulations could not
provide an impressive tissue permeation and drug avail-
ability the for target organ.”® In order to have a good
and fast tissue permeation, preparing a solution formu-
lation of low water soluble drugs would be important.

In this study we aimed to produce a new aqueous
formulation of Tacrolimus using HP-BCD and we could
improve Tacrolimus solubility about 42 times based on CD
intrinsic characteristics. We have evaluated the safety of
the final product (containing 0.05% Tacrolimus) in a rabbit
in vivo model.

Data analysis through the Fisher exact test showed
no significant differences between the control and
intervention groups in terms of corneal epithelial
defect.

In a previous study Balicki and Trbolova evaluated
the efficacy and safety of 0.02% Tacrolimus eye
drops (formulated in 0.9% NaCl) in chronic superficial
keratitis. For this purpose they followed up 14 dogs in 5
weeks and 0.02% Tacrolimus eye drop was compared to
0.9% NaCl eye drop. Tacrolimus induced reduction of
eye redness and inflammation and besides that no sign
of ocular irritation was observed.”” These results con-
firm our safety results of Tacrolimus eye formulation.

Rare incidence of ocular irritation and redness in
the control and intervention groups could be due to envir-
onmental pollutants.

In a publication released in 2017, the safety and side
effects of Tacrolimus eye drop were evaluated in human
vernal keratoconjunctivitis and the Tacrolimus eye drop
alleviated the clinical symptoms of limbal inflammatory
activity and keratitis during the course of treatment.” In
this study there were no statistical differences between the
group receiving Tacrolimus eye drops and the control
group in terms of limbal inflammation incidence and
other pathological changes.

A newly published paper reported the results of a pilot
clinical usage of a formulation composed of 0.03%
Tacrolimus in 1.4% PVA, Sodium chloride, Sodium phos-
phate dibasic, Sodium phosphate monobasic, Benzalkonium
chloride, Edetate disodium and Purified water on 8 patients
(16 eyes) and they observed no adverse effects.”®

There is low and limited evidence in literature about
Tacrolimus eye drop toxicity topic, and as described
above, the available formulated forms have different
vehicles but all studies on ocular formulations of
Tacrolimus indicated almost the same pattern and revealed
no significant toxicity when compared to the control
groups. The results obtained from our study also followed
the same pattern.

The main advantage of our prepared formulation was
using a biocompatible carrier to reach higher concentra-
tions of Tacrolimus in the aqueous phase. As previously
mentioned, improving water solubility could provide bet-
ter corneal epithelium penetration and subsequently better
clinical efficacies as a result.

This study was a preliminary safety evaluation and
further studies of long-term safety of CD-Tacrolimus eye
drop are needed.

Conclusion
In this research we prepared a 0.05% Tacrolimus-CD eye
drop formulation and safety studies on male New Zealand
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Figure 3 Pathological pictures of different left eyes with (A) pathologically normal features, (B) follicular conjunctivitis, and (C) chronic conjunctivitis.

white rabbits which indicated no microscopic and macro-
scopic adverse effects. Also no differences between tissue
pathological changes in the control and intervention
groups were observed. It can be concluded that this for-
mulation passed the preliminary safety evaluations and can
be used for future studies in efficacy and in vivo biodis-
tribution assays.

Table 3 Relative Frequency of Pathological Changes

Disclosure
The authors declare that there is no conflict of interests in
this study.
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