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The objective of this study was to evaluate ocular toler-
ance, safety, and effect on intraocular pressure (IOP) of a 
topically administered small interfering RNA; SYL040012, 
on healthy volunteers. The study was an open-label, con-
trolled, single-center study comprised of two intervals 
that enrolled 30 healthy subjects having IOP below 21 
mmHg. SYL040012 was administered to one eye as a sin-
gle dose to six subjects during interval 1. During interval 
2 two different doses of SYL040012 were administered 
to one eye on a daily basis to two separate groups of 12 
subjects each, over a period of 7 days. The contralateral 
eye was evaluated but not administered and served as 
control for the tolerance study. SYL040012 was well tol-
erated locally. No local or systemic adverse events related 
to the product developed in response to any of the doses 
studied. SYL040012 was not detected in plasma at any 
time point. Administration of SYL040012 over a period 
of 7 days reduced IOP values in 15 out of 24 healthy sub-
jects regardless of the dose used. IOP decrease was statis-
tically significant in response to one of the doses tested 
and responsiveness to SYL040012 seemed to be greater 
in individuals with higher baseline IOP.

Received 13 June 2013; accepted 3 September 2013; advance online  
publication 15 October 2013. doi:10.1038/mt.2013.217

INTRODUCTION
RNA interference (RNAi) is a technology based on the prin-
ciple that specifically designed, chemically synthesized, small 
RNA fragments can mediate specific mRNA degradation in the 
cytoplasm, thus inhibiting the synthesis of specific proteins.1–4 
Compounds based on this technology can be rationally designed 
to block expression of any target gene, including genes for which 
traditional small molecule inhibitors cannot be found.5 Examples 
of successful in vivo use of RNAi with a view to developing thera-
peutics include reduction of virus-load in animal models infected 
with hepatitis B virus by poly-conjugate targeted delivery of 
cholesterol conjugated siRNAs to hepatocytes6 or ocular neuro-
protection induced by a siRNA targeting caspase-2.7 RNAi has 

rapidly progressed and several compounds are already in advanced 
phases of clinical trials, such as RTP801 (Quark Pharmaceuticals, 
Fremont, PA; phase II) for treating age-related macular degen-
eration8 or ALN-RSV01 (Alnylam Pharmaceuticals, Cambridge, 
MA; phase II) for treating respiratory syncytial virus infection.9 
SYL040012 is the first compound based on RNAi and adminis-
tered in eye drops to be tested in humans.

Glaucoma is a syndrome characterized by progressive optic 
neuropathy and irreversible visual field loss. Glaucoma is the main 
cause of blindness in industrialized countries.10 Risk factors for 
developing glaucoma include elevated intraocular pressure (IOP), 
family history, ethnic background, and older age.11 Lowering 
IOP has shown to reduce the progression of nerve damage and 
therefore therapeutic management of glaucoma includes medica-
tions or surgeries that decrease IOP. The preferred IOP-lowering 
agents are locally applied prostaglandins and/or β-blockers.12,13 
Prostaglandins lower IOP extremely well and are systemically safe 
but can have associated ocular side effects14 such as darkening of 
the iris color, lash growth, periocular pigmentation, and hyper-
emia. Less frequent ocular side effects of this drug class are intra-
ocular inflammation, cystoid macular edema, and reactivation of 
ocular corneal herpes viral infections.15 In addition, prostaglan-
din analogs are contraindicated during pregnancy because of the 
potential risk of premature labor. β-blockers on the other hand 
are very well tolerated locally but are absorbed via conjunctival 
epithelium, lacrimal channel, nasal mucosa, and gastrointesti-
nal tract into the systemic circulation. Circulating β-blockers 
are absorbed by systemic tissues such as lungs and heart where 
they cause undesired effects.16 Systemic side effects of β-blockers 
include among others bradycardia, hypotension, dizziness, bron-
chospasm, slow heart rate, depression, and fatigue. These systemic 
side effects associated with chronic use of topical β-blockers limit 
their use in populations in which β-blockers are contraindicated, 
such as patients with asthma, chronic obstructive pulmonary dis-
ease, or diabetes.16

SYL040012 is a double-stranded oligonucleotide that specifi-
cally inhibits synthesis of β2-adrenergic-receptor (ADRB2) via 
RNAi without affecting expression of other receptors of the adren-
ergic family. SYL040012 is a new chemical entity that decreases 
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IOP by reducing local expression of ADRB2 after topical ocular 
instillation in animal models.17,18

This study of the safety, tolerability, and bioavailability 
of SYL040012 is the first step in the clinical development of 
SYL040012 for treatment of elevated IOP associated to glaucoma.

RESULTS
Safety and tolerability
No ocular surface changes were observed at any time point. 
Treatment was well tolerated in response to either a single 
administration of 600 µg/eye/day of the compound or a repeated 
schedule of a daily administration of either 600 or 900 µg/eye/
day SYL040012 over a period of 7 days. No adverse events were 
reported in response to a single dose of SYL040012 and six mild 
adverse events were reported in six separate subjects during the 
repeated administration schedule (interval 2; Table 1). Three of 
these events were determined to be unrelated to the compound, 
i.e., a muscle spasm due to a slight traumatic contusion, grade 1 
conjunctival hyperemia in the nonadministered eye, and bilat-
eral itching and difficulty focusing. All of these adverse events 
were observed in the 900 µg/eye/day dose group. The other three 
adverse events were: unilateral stinging in the administered eye, 
sporadic headache that lasted for 24 hours, and grade 1 conjuncti-
val hyperemia in the administered eye. The first two adverse events 
were observed in the low dose group (600 µg/eye/day) whereas 
the latter adverse event was observed in the high dose group (900 
µg/eye/day). The unilateral stinging started immediately after 
the second instillation and lasted 2 minutes. Grade 1 hyperemia 
was detected 22 hours after the second instillation and lasted 
throughout the period of administration; 24 hours after the last 
instillation hyperemia was undetectable. A comprehensive ocular 
examination was performed on the subjects who reported adverse 
events in the administered eye to rule out ocular surface damage. 
This examination showed no ocular changes and no underlying 
causes for the symptoms were identified. All events observed in 
the treated eye resolved spontaneously and only the muscle spasm 
due to an accident required medication.

The comprehensive ocular examinations performed before 
the beginning of the study and at final examination indicated 

that ocular parameters did not differ significantly between both 
time-points (Table 2). There was a slight reduction in the num-
ber of corneal epithelial cells at final examination in interval 2; 
this observation was made in the untreated eye and was therefore 
ruled out to be related to SYL040012 administration.

No significant changes were observed during the comprehen-
sive clinical evaluations, monitoring of vital signs, or electrocar-
diograms. The results of vital sign monitoring at screening and 
final examination are shown in Table 3. It should be noted that 
there was a statistically significant reduction in diastolic blood 
pressure following the repeated-dose schedule of 600 µg/eye/
day SYL040012. This slight decrease in diastolic pressure was 
not accompanied by changes in other parameters and the values 
observed were always within normal range. In addition, no reduc-
tion in diastolic blood pressure was observed in response to 900 
µg/eye/day SYL040012. No relevant changes were observed in 
hematology, clinical biochemistry, and urinalysis parameters in 
response to any of the administration schedules of SYL040012.

SYL040012 was not detected (lower limit of quantification, 
44.2 ng/ml) in any of the blood samples collected after a single 
instillation. To assess possible accumulation of the compound in 
plasma after repeated instillations, sample collection and quan-
tification of SYL040012 during interval 2 was performed before 
the first instillation and 5 minutes after the seventh instillation. 
SYL040012 was not detected in any of the samples collected during 
interval 2. These results leave three possible avenues: (i) SYL040012 
is present at concentrations below the lower limit of quantification; 
(ii) SYL040012 administered in eye drops does not reach systemic 
circulation; or (iii) SYL040012 reaches systemic circulation but is 
degraded and cleared within 5 minutes of administration.

Effect of SYL040012 on IOP
No significant differences in IOP were seen between values 
obtained at screening and those obtained following a single instil-
lation of 600 µg/eye/day SYL040012. During interval 2, adminis-
tration of SYL040012 on a repeated-dose schedule over a period 
of 7 days reduced IOP values in 15 out of 24 healthy subjects 
regardless of the dose used. Administration of 600 µg/eye/day 
SYL0420012 caused an overall statistically significant decrease 
in IOP after 4 days of administration; the post hoc data analysis 
showed a significant effect of SYL040012 on the measurements 
obtained at 15:00 hours (Figure 1a). Five volunteers who received 
the dose of 600 µg/eye/day showed a mean decrease in IOP val-
ues exceeding 20% on day 4 compared with values at screening. 
We performed a separate analysis in this subgroup and found an 
overall statistically significant effect on IOP; the post hoc analy-
sis revealed that the differences were statistically significant at 
all time-points studied (Figure 1b). It is noteworthy that the 
basal IOP value in these five subjects was higher than the basal 
IOP values in other subjects (16.2 ± 2.9 mmHg versus 14.9 ± 2.8 
mmHg, respectively). The dose of 900 µg/eye/day did not have a 
 significant effect on the IOP curve after the same treatment period 
(P = 0.05) (Figure 1c).

DISCUSSION
The goal in medical management of glaucoma is lowering IOP to 
prevent vision loss. β-blockers are a mainstay in IOP decrease and 

Table 1 Adverse events observed after each administration schedule

Adverse event

Single dose 
(interval 1)

Repeated dose  
(interval 2)

600 µg/ 
eye/day

600 µg/
eye/day

900 µg/
eye/day

Headache 0 1 0

Conjunctival hyperemia (grade 1, 
nonadministered eye)

0 0 1

Muscle spasm (from traumatic 
contusion)

0 0 1

Conjunctival hyperemia (grade 1, 
administered eye)

0 0 1

Unilateral stinging (administered eye) 0 1 0

Bilateral itching and difficulty 
focusing

0 0 1

Total 0 2 4
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are present in most marketed combination therapies for treating 
primary open-angle glaucoma. However, in the last decade pros-
taglandin analogues have replaced β-blockers as standard first-line 
treatment because of their safety profile and better patient compli-
ance.12 Prostaglandin analogues are however not free from disad-
vantages; several of the marketed prostaglandins can have ocular 
tolerance issues and cause cosmetic changes in the eyes’ appear-
ance. These issues can impact patient compliance and this is par-
ticularly relevant when treatment is only required in one eye.15

The results presented in this study show that SYL040012, a 
siRNA that specifically decreases ADRB2, administered in eye 
drops is well tolerated in single or repeated schedules. No drug-
related ocular events developed throughout either study inter-
val. The adverse events observed in response to the repeated 
treatment schedule were minor, reversible and no direct rela-
tionship to the compound could be established. SYL040012 was 
not detected in plasma at any time after either a single or after 
a 7-day period repeated instillation. The absence of SYL040012 
from plasma when the compound is applied in eye drops is 
not surprising, since RNases are abundantly present in blood 
and these enzymes are responsible for rapid degradation of the 

compound once it reaches the bloodstream.19 In addition, ani-
mal biodistribution studies performed using a newly developed 
bioanalysis method with a lower limit of detection of 0.25 ng/
ml have shown that only traces of SYL040012 can be detected 
in blood after topical ocular instillation. This newly developed 
method not only detects SYL040012 but is also able to detect a 
metabolite of SYL040012 produced only when the compound 
is located inside the cells: SYL040012-5′-P. SYL040012-5′-P 
is only detected in ocular structures following topical ocular 
instillation of SYL040012 and is completely absent from sys-
temic circulation or tissues, indicating that the compound is 
only active in cells located in the eye. These data support the 
observations made in humans and in addition could explain the 
absence of systemic side effects observed both in animal models 
and humans. In the present study a slight, but statistically sig-
nificant, reduction in diastolic blood pressure was observed in 
response to 600 µg/eye/day SYL040012. As mentioned above, it 
is not likely that SYL040012 reaches any systemic organ when 
administered in eye drops, but the eventual impact of this obser-
vation will be clarified in subsequent placebo-controlled clinical 
trials. The low systemic exposure of SYL040012 is in agreement 

Table 2 Ocular parameters at screening and final examination

Parameter

Nonadministered eye Administered eye

Screening Final exam Screening Final exam

Single dose 600 µg/eye/day (interval 1)

 BCVA 1.07 ± 0.09 1.03 ± 0.07 1.07 ± 0.09 1.03 ± 0.07

 Diopter myopia −0.25 ± 0.38 −0.25 ± 0.38 −0.46 ± 0.51 −0.38 ± 0.54

 Diopter hypermetropy 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

 Diopter astigmatism 0.04 ± 0.22 −0.04 ± 0.09 −0.13 ± 0.28 −0.13 ± 0.28

 Pupil (mm) 3.85 ± 0.75 3.37 ± 0.55 3.85 ± 0.72 3.37 ± 0.56

 Pachymetry (μm) 526.50 ± 18.26 526.83 ± 17.58 526.67 ± 18.82 529.33 ± 17.14

 Cells (cells/mm2) 2662.67 ± 208.02 2710.67 ± 223.84 2707.00 ± 243.31 2695.33 ± 173.74

Repeated dose 600 µg/eye/day (interval 2)

 BCVA 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

 Diopter myopia −0.42 ± 0.68 −0.42 ± 0.68 −0.44 ± 0.78 −0.43 ± 0.81

 Diopter hypermetropy 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

 Diopter astigmatism −0.19 ± 0.44 −0.19 ± 0.44 −0.17 ± 0.39 −0.17 ± 0.39

 Pupil (mm) 3.33 ± 0.68 3.08 ± 0.34 3.33 ± 0.72 3.05 ± 0.41

 Pachymetry (μm) 525.50 ± 41.08 525.67 ± 40.01 256.92 ± 40.95 526.17 ± 41.34

 Cells (cells/mm2) 2687.00 ± 286.48 2808.00 ± 231.50 2759.33 ± 271.00 2742.17 ± 272.01

Repeated dose 900 µg/eye/day (interval 2)

 BCVA 1.07 ± 0.10 1.08 ± 0.10 1.03 ± 0.08 1.10 ± 0.10

 Diopter myopia −0.02 ± 0.07 −0.17 ± 0.31 0.00 ± 0.00 −0.19 ± 0.43

 Diopter hypermetropy 0.00 ± 0.00 0.02 ± 0.07 0.00 ± 0.00 0.00 ± 0.00

 Diopter astigmatism −0.17 ± 0.44 −0.15 ± 0.38 −0.19 ± 0.44 −0.15 ± 0.38

 Pupil (mm) 3.09 ± 0.60 3.24 ± 0.35 3.07 ± 0.53 3.35 ± 0.39

 Pachymetry (μm) 524.08 ± 25.20 527.17 ± 28.39 525.33 ± 25.07 526.33 ± 23.72

 Cells (cells/mm2) 2811.92 ± 264.13 2661.17 ± 321.14* 2670.50 ± 289.43 2690.67 ± 295.26

Data represent mean ± SD of 6 subjects in interval 1 and 12 subjects per dose level in interval 2. Statistical significance was calculated by comparing the values at final 
examination and screening using paired Student’s t-tests or nonparametric Wilcoxon tests.
Abbreviation: BCVA, best corrected visual acuity.
*P < 0.05.
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with previous observations for other oligonucleotides adminis-
tered locally in the eye. GS-101, a phosphorothioate antisense 
oligonucleotide was not detected in plasma following admin-
istration of the compound in eye drops.20 Currently available 
treatments for glaucoma based on β-blockers reach the blood-
stream at concentrations that can induce adverse effects. Both 
timolol and carteolol have been detected in plasma after ocular 
instillation;21,22 and side effects have been recorded following 
administration of β-blockers in eye drops.

The effect of SYL040012 on IOP was analyzed after a single or 
seven repeated instillations. It should be mentioned, that although 
IOP was measured, no effect was expected since this phase I study 
was performed in healthy volunteers with normal IOP values (<21 
mmHg) and no control (placebo treated) group was available to 
compare the potential IOP-lowering effect of SYL040012. The 
results obtained in subjects treated according to a repeated-dose 
schedule showed an IOP decrease in 15 out of 24 subjects regard-
less of the dose. This decrease in IOP was statistically significant 
when compared with the basal IOP curve in response to the dose 
of 600 µg/eye/day after 4 days of administration. Among these 
12 subjects, 5 showed a higher mean IOP decrease (31.5 ± 7.3%). 
This particular group of subjects, that was more responsive than 
others to SYL040012, had higher baseline IOP values (16.2 ± 2.9 
mmHg) than the rest of the subjects in the trial (14.9 ± 2.8 mmHg) 
(Figure 1). This increased responsiveness of individuals with higher 
IOP values has been reported for other antiglaucoma drugs.23

RNAi-based therapies use the endogenous RNAi machin-
ery to exert its action, thus administering high doses of a siRNA 
could potentially saturate this endogenous machinery.24 This fact 
might explain why the low dose used in this study seems to have 
a greater effect than the high dose. This speculation might be a 
possibility, but other factors such as higher basal IOP in the low 
dose group should not be ruled out, as the design of this study 
is not optimal for analyzing efficacy of SYL040012. Furthermore, 
the study was performed in healthy subjects and the eventual 
efficacy of SYL040012 on IOP cannot be extrapolated to patients 
with elevated IOP. Further development of SYL040012 includes a 
double blind, placebo-controlled, dose-range finding study that is 
currently ongoing; results from this study will help selecting the 
optimal dose.

Another of the advantages of SYL040012 relies on its mecha-
nism of action. siRNAs target mRNAs inhibiting the synthesis of 
specific proteins. Once treatment is stopped, the cellular machin-
ery must resynthesize the mRNA and thereafter translate mRNA 
into protein. This characteristic of siRNAs is thought to extend 
the effect of siRNA-based compounds. SYL040012 has been 
shown to have an IOP-lowering effect that lasts 15 times longer 

Table 3 Vital signs recorded at screening and final examination

Parameter Screening Final exam

Single dose 600 µg/eye/day (interval 1)

 Systolic blood pressure (mm Hg) 117.50 ± 13.28 107.33 ± 2.88

 Diastolic blood pressure (mm Hg) 59.67 ± 8.94 54.00 ± 3.95

 Heart rate (b.p.m) 71.00 ± 12.10 63.00 ± 13.86

 Respiratory rate (br.p.m) 16.67 ± 2.07 16.00 ± 2.76

 Temperature (ºC) 35.92 ± 0.29 36.32 ± 0.42

Repeated dose 600 µg/eye/day (interval 2)

 Systolic blood pressure (mm Hg) 118.83 ± 11.52 116.17 ± 11.25

 Diastolic blood pressure (mm Hg) 63.67 ± 6.43 59.67 ± 5.71*

 Heart rate (b.p.m) 68.92 ± 6.80 66.08 ± 11.33

 Respiratory rate (br.p.m) 16.75 ± 3.60 16.58 ± 3.99

 Temperature (ºC) 35.84 ± 0.54 36.02 ± 0.37

Repeated dose 900 µg/eye/day (interval 2)

 Systolic blood pressure (mm Hg) 121.58 ± 11.45 117.42 ± 11.22

 Diastolic blood pressure (mm Hg) 62.25 ± 9.03 57.75 ± 3.02

 Heart rate (b.p.m) 75.67 ± 13.45 72.50 ± 11.38

 Respiratory rate (br.p.m) 18.17 ± 4.41 17.92 ± 4.74

 Temperature (ºC) 36.04 ± 0.38 35.85 ± 0.48

Data represent mean ± SD of 6 subjects in interval 1 and 12 subjects per dose 
level in interval 2. Statistical significance was calculated using paired Student’s 
t-tests and was as follows 
*P < 0.05.
Abbreviations: b.p.m, beats per minute; br.p.m, breaths per minute.

Figure 1 Intraocular pressure (IOP) curves in response to 600 or 900 µg/eye/day SYL040012. (a) IOP evolution in 12 healthy subjects in 
response to repeated administration of 600 µg/eye/day SYL040012; (b) IOP evolution in the subgroup of subjects that showed a decrease in IOP 
>20% in response to 600 µg/eye/day SYL040012 (n = 5). (c) IOP evolution in 12 healthy subjects in response to repeated administrations of 900 
µg/eye/day SYL040012. Data represent mean ± SEM of 12 subjects in a and c and 5 subjects in b. Statistical significance was calculated by repeated 
measures two-way analysis of variance and Bonferroni’s corrections were made for the subsequent pairwise comparisons and was as follows: ***P < 
0.001; **P < 0.01; and *P < 0.05.
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than conventional antiglaucoma treatments in animal studies.17,25 
These features are attractive since success with current medica-
tions requires frequent instillations. If the long-lasting effect of 
SYL040012 observed in animals is confirmed in humans, the 
compound might protect against eventual optical nerve damage 
caused by the reboot effect in IOP in patients with poor treatment 
compliance.

In conclusion, this was the first time that a siRNA compound 
was tested in humans via topical ocular route. In the current phase 
I clinical trial, SYL040012 eye drops were well tolerated and locally 
and systemically safe at the maximal dose used. Although no IOP-
lowering effect was expected since the study was performed in 
healthy volunteers, SYL040012 reduced IOP in individuals with 
a higher baseline IOP.

MATERIALS AND METHODS
The Ethics Committee of the Clínica Universidad de Navarra and the 
Spanish Regulatory Agency approved the study protocol. The study 
was conducted in accordance with the Declaration of Helsinki and with 
International Conference in Harmonization Guidelines on Good Clinical 
Practices CMP/ICH/135/95. Subjects signed a written consent form 
stating that they understood and agreed to participate in the clinical study. 
This study was registered on www.clinicaltrials.gov (NCT00990743) and 
EudraCT Number is 2008-008204-41.

SYL040012 synthesis. SYL040012, administered as eye drops, is a synthetic 
21-base sodium salt, double-stranded RNA oligonucleotide duplex formu-
lated in phosphate buffered saline (pH 7.2). The sequence of SYL040012 is as 
follows: sense strand (5′ to 3′) CAUUGUGCAUGUGAUCCAGdTdT; anti-
sense strand (5′ to 3′) CUGGAUCACAUGCACAAUGdTdT. SYL040012  
was prepared in preservative-free single-unit dose vials. The drug sub-
stance for the clinical batch was synthesized at Biospring (Frankfurt am 
Main, Germany) and aliquoted in sterile single-dose vials at GP Pharm 
(Barcelona, Spain).

Subjects. Thirty healthy volunteers who had an IOP below 21 mmHg, 
Snellen visual acuity of 20/25 or better and who were at least 18 years of 
age were recruited. All subjects completed the study according to the pro-
tocol. The mean ± SDs of the subjects’ demographic parameters are shown 
in Table 4. A comprehensive physical examination and an ocular examina-
tion were performed before admittance into the study to assure the suit-
ability of the subjects for participation.

Study design. A single-center, parallel, controlled, open-label phase I clini-
cal study was designed to evaluate safety, tolerability, and bioavailability of 
SYL040012 administered as eye drops. An additional aim of the study was 
to determine the effect of different doses of SYL040012 on IOP. In all cases, 
the drug was instilled in one randomly chosen eye only; the fellow eye 

remained untreated and served as a control for ocular tolerance and safety. 
Both eyes were monitored in a blinded fashion.

Treatment schedule. To minimize the risk of adverse effects and in accor-
dance with the Guidelines on Strategies to Identify and Mitigate Risks for 
First-in-Human Clinical Trials with Investigational Medicinal Products 
(EMEA/CHMP/SWP/28367/07), the intervention phase was divided into 
two intervals. Interval 1 began with instillation of a single dose of 600 µg/
eye/day SYL040012 in a dose volume of 26.6 µl to one subject who was 
observed for 72 hours. Tolerability was assessed at 24, 48, and 72 hours 
after instillation; when the tolerability criterion was met 72 hours after 
instillation, the next subject was dosed. The same procedure was followed 
for each new subject until six subjects had been administered. Good toler-
ance and thus the possibility of including the next volunteer was defined 
as an absence of grade 3 or higher toxicity on the Common Terminology 
Criteria for Adverse Events v3.0 scale.26 Safety and tolerability were 
assessed before interval 2 began.

During interval 2 SYL040012 was administered in daily instillations 
over 7 consecutive days. Two doses were assayed in this interval 600 and 
900 µg/eye/day, each of which was administered to 12 subjects. For safety 
reasons, an initial group of three subjects received the low dose (600 µg/
eye/day in a dose volume of 26.6 µl) of SYL040012; when the tolerability 
criterion previously described was met, the remaining subjects assigned 
to this dose were administered. The same procedure was performed for 
the high dose (900 µg/eye/day in a dose volume of 40 µl).

All subjects were treated in the Clinical Investigation Unit of the 
hospital, which guaranteed protocol compliance. Table 5 shows the 
design of the clinical trial.

Assessment of tolerability and outcome measures. The primary study 
endpoint was local ophthalmic tolerance. The occurrence and frequency of 
adverse events, ocular evaluation, pharmacokinetic analysis, and physical 
evaluations were secondary parameters evaluated to assess the drug’s safety 
and systemic tolerability. The effect of SYL040012 on IOP was also evaluated.

The comprehensive clinical evaluations included a physical 
examination, monitoring of vital signs, clinical biochemistry and 
hematology, urine testing, and electrocardiography. Physical evaluations 
were performed during the screening phase and upon final examination 
at each interval.

Two different groups of ophthalmic evaluations were performed; 
comprehensive ocular examinations and tolerance tests. Comprehensive 
bilateral ocular examinations were carried out during the screening 
phase, 72 hours after drug instillation at interval 1 and 1 hour after the 
last instillation at interval 2. Details of the ocular examination and tests 

Table 5 Clinical trial design

Interval Regime

No. of 
healthy 

volunteers
Instillation 
frequency Outcomes

1 600 µg/eye/day 
(single dose)

6 1 Primary endpoint: 
  •  Tolerance in the 

ocular surface 
(cornea and 
conjunctiva)

2 600 µg/eye/
day (repeated 
dose)

12 7 (one/day) Secondary endpoints:
 •  Local tolerance after 

each study dose and 
systemic tolerance

 •  Treatment 
repercussion on the 
ocular fundus and/
or on visual acuity

 • Pharmacokinetics 
 • Effect on IOP

900 µg/eye/
day (repeated 
dose)

12 7 (one/day)

Table 4 Study subjects’ demographic data

Parameter

Single dose  
(interval 1)

Repeated dose  
(interval 2)

600 µg/eye/day 600 µg/eye/day 900 µg/eye/day

Age (years) 19.33 ± 1.03 23.17 ± 4.93 21.42 ± 2.02

Weight (Kg) 68.97 ± 9.29 64.22 ± 10.06 66.80 ± 10.04

Height (m) 1.73 ± 0.10 1.70 ± 0.08 1.73 ± 0.1

BMI (Kg/m2) 23.02 ± 2.33 22.15 ± 2.09 22.28 ± 2.29

Gender 3 male/3 female 6 male/6 female 7 male/5 female

Data represent means ± SD.
BMI, body mass index.
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are shown in Table 6. Tolerance tests consisting of ocular photographs 
and slit-lamp evaluation of the conjunctiva and cornea were carried out 
at the following time-points: before administration, and 1, 24, 48, and 
72 hours after administration during interval 1; and 1 hour prior and 
1 hour after administration on a daily basis, and 24 and 72 hours after 
the last administration during interval 2 of the study. Ophthalmologists 
blinded to the experimental condition performed all ocular evaluations. 
Subjective tolerance was only assessed if the subject reported ocular 
symptoms.

For the pharmacokinetic profile, during interval 1 blood samples 
were collected 1 hour before drug instillation and 5, 15, and 30 minutes 
and 4 hours after instillation and processed to obtain plasma. Results of 
the pharmacokinetic profile obtained during interval 1 determined the 
number of samples collected during interval 2. During interval 2, blood 
samples were collected approximately 1 hour before the first instillation 
and 5 minutes after the last instillation.

Analysis of samples. The bioanalytic method used to analyze the pharmaco-
kinetic profile was validated at Harlan Laboratories (Barcelona, Spain). The 
lower limit of quantitation for this method was 44.2 ng/ml. Sample analysis 
was achieved in 15 minutes and SYL040012 was detected and quantified by 
tandem mass spectrometry. SYL040012 eluted at 11 minutes. SYL09000100 
was used as the quantitative internal standard. The method was validated 
according to criteria from the US Food and Drug Administration entitled 
Bioanalytical Method Validation. The validated concentration interval of 
the bioanalytic procedure was 44.2 (lower limit of quantitation) to 441.8 ng/
ml. Calibration curves obtained were characterized by a correlation coef-
ficient higher than 0.99. Precision and accuracy were below 20% for the 
lower limit of quantitation level and below 15% for intermediate (110.5 ng/
ml) and high (441.8 ng/ml) concentrations. The bioanalytic procedure was 
validated over 3 days and the results obtained for interassay accuracy and 
precision complied with acceptance criteria described in the Bioanalytical 
Method Validation.

IOP measurements. During interval 1, IOP was measured 1, 2, 4, 48, and 
72 hours after instillation using Goldmann tonometry with the subjects 
sitting. During interval 2, the IOP curves were determined before the first 

instillation (screening) and after 4 days of treatment. In both cases, IOP 
was measured at 9:00, 12:00, 15:00, 18:00, and 21:00 hours. IOP was also 
measured every time ocular tolerance was assessed during intervals 1 and 
2, 1 hour before and after instillation. Measurements performed outside of 
an IOP curve were taken in the morning between 9:00 and 12:00.

Statistical analysis. Ocular and conjunctival local tolerance after 
SYL040012 treatment was assessed by analyzing occurrence and frequency 
of ocular adverse effects 72 hours after instillation for interval 1 and 24 
hours after the last instillation during interval 2. Comparisons were made 
between eyes (administered versus nonadministered) using the χ2 test.

Analysis of single daily IOP values after one instillation was 
performed by comparing values obtained after SYL040012 instillation 
to the basal value at screening. Statistical significance was assessed by 
paired Student’s t-test. The effect of SYL040012 on IOP during interval 
2 was assessed by comparing the IOP curve obtained at day 4 to the one 
obtained at screening. Statistical significance was assessed by repeated 
measures two-way analysis of variance, using treatment and time of day as 
variables and IOP as the repeated measure followed by a Bonferroni post 
hoc test to assess the significance at each time point. Other parameters 
(clinical analysis, visual acuity, and symptom duration) were analyzed 
using paired Student’s t-tests or Wilcoxon test depending on compliance 
of the conditions required for using each of these statistical tests. P < 0.05 
was considered significant.
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