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Abstract
Background: The purpose of this study was to evaluate the safety and tolerability pro�le of drugs used for treating common eye disorders
when applied to normal healthy volunteers (NHV) as explored in phase 1 trials.

Methods: A total of 166 NHV were identi�ed in six phase 1 trials. These included the exposure to lubricant (n=88), hypotensive (n=48) or
antibiotic (n=30) ophthalmic drugs, examined in a retrospective analysis. The primary endpoints were visual comfort, assessed by the
ocular comfort index (OCI); and safety, evaluated through laboratory evaluations, vital signs, visual acuity (VA), intraocular pressure (IOP),
lissamine green and �uorescein staining, conjunctival hyperemia, chemosis, and the incidence of adverse events (AE). Other measured
parameters included discomfort (assessed by burning, itching and foreign body sensation) and conjunctival impression cytology.

Results: Compared to baseline, 72.3%, 39.6% and 66.7% of participants (for lubricant, hypotensive and antibiotic treatments, respectively),
improved their OCI score by their �nal visit (p=0.001). As expected for NHV, laboratory evaluations and vital signs were within normal ranges
in 88% of NHV, with no signi�cant differences observed between treatments. Similar results were found for VA, corneal and conjunctival
staining and chemosis. IOP decreased signi�cantly in the hypotensive agents group (p=0.001), trace to mild hyperemia was reported in
20.7%, 26% and 5.2% of NHV in each group (p=0.006). Additionally, lubricant and hypotensive investigational drugs (ID) had a lower risk of
incidence of AE than approved drugs (AD) of these groups (OR 0.856, 95% CI [0.365, 1.999], and OR 0.636, 95% CI [0.096, 4.195],
respectively). Meanwhile, on antibiotic drugs the risk for ID related AE was higher (OR 1.313, 95% CI [0.309, 5.583]).

Conclusions: Phase 1 trials are important in order to ensure the safety and tolerability of ophthalmic medications. This study demonstrates
that NHV do not face a signi�cant risk of harm in these studies, since 98% of the reported AE were mild, and all AE were resolved by the end
of the study in which they appeared. Furthermore, it was also demonstrated that the instillation of ID is as safe and tolerable as that of AD
in NHV.

Trial registration: The studies were registered at clinicaltrials.gov as follows: NCT04081610, NCT03524157, NCT03520348, NCT03966365,
NCT03965052 and, NCT03519516.

Background
Clinical research can be divided into 4 phases, and the basic standards and technical requirements of each phase are strictly regulated.
Phase 1 trials are performed on new drugs which have already cleared a previous pre-clinical safety and toxicology assessment [1]. During
their participation in phase 1 trials, normal healthy volunteers (NHV) play an important role in identifying side effects of investigational
drugs (ID) [2]. Any physical change, harmful or unpleasant reactions that a participant experiences while in such a trial, regardless of
severity (mild, moderate or severe), is considered an adverse event (AE) rather than an “effect” because any detected symptoms may or may
not be directly related to the experimental drug [2, 3]. In general, the overall risk of serious/severe AE has been estimated to be very low for
NHV participating in phase 1 trials. Some common side effects such as headache, diarrhea, experiences of nausea, skin rashes, among
others are frequently reported mild-AEs in trials evaluating systemic drugs [2, 4]. The phase 1 trials of ophthalmic medications included in
this study varied in terms of the types of ID being tested, study procedures, and protocol designs. However, inclusion criteria generally
matched or overlapped, including characteristics such as therapeutic area, and treatment-speci�c safety and tolerability parameters. They
also included the evaluation of vital signs, laboratory tests, and matching protocol-de�ned parameters.

In order to present a wider view of NHV who have undergone ophthalmology trials, our study describes relevant elements of phase 1 clinical
trials, including drugs used for common eye disorders: dry eye therapy, glaucoma and antibiotic agents [5]. Dry eye disease and glaucoma
are two chronic eye diseases, with a broad spectrum of treatment options to manage both these conditions. Dry eye disease is characterized
by instability of the tear �lm that can be due to either insu�cient tear production or its poor quality [6]. The different stages of dry eye
disease treatment have as common denominator the use of ocular lubricants, as recommended by the Tear Film and Ocular Surface
Society’s Dry Eye Workshop (TFOS DEWS II). Lubricants are usually administered every 4 to 6 hours, but they can be used much more often
following a “pro re nata” scheme. These variable dosage schemes and potentially frequent administration makes this type of medication’s
safety pro�le important to know and analyze. Glaucoma is the second leading cause of blindness worldwide, and it is expected to affect as
much as 79.6 million people by the end of this year; 74% of them with a diagnosis of primary open-angle glaucoma (POAG) [7].
Pharmacologic therapy continues to be the initial treatment for most patients with glaucoma. As the incidence of glaucoma increases with
age, the patients often have numerous comorbidities and use various medications. Two or more drugs are often required for adequate mid-
and long-term intraocular pressure (IOP) control. The e�cacy and safety of �xed combinations offer multiple bene�ts as compared to
concomitant application of their individual active ingredients [8, 9]. Finally, ocular infections, whether the affect super�cial structures like the
conjunctiva or cornea, or compromise inner segments of the eye, may be caused by a diverse group of bacteria, virus and fungi. Bacterial
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conjunctivitis in adults is most commonly caused by gram-positive microorganisms such as Staphylococcus and Streptococcus
pneumonia; as well as some gram-negative strains like Haemophilus in�uenzae y Moraxella catarrhalis [10, 11]. Widely used antibiotic eye
drops possess a broad spectrum of action, and are effective against most ocular bacterial pathogens, however, the frequency of eye drop
administration depends almost exclusively on the severity of the infection and its clinical presentation. Even though topically administered
antibiotics are much less likely to cause AEs than those administered systemically, and their absorption generally appears under detectable
limits, it is important to assess their safety and tolerability [5].

Furthermore, the results obtained in ophthalmic phase 1 clinical trials may provide valuable information in regards of the potential
adherence to be expected for a topically applied solution. As has been stated earlier in this document, there are many ophthalmological
diagnoses that require a speci�c dosage of a topically applied medication, including cases of multiple daily instillations for a long period of
time. In order to continue protecting users from possible serious and irreversible consequences of an undertreated pathology, safety and
tolerability pro�les of common ophthalmic drugs must be studied.

The purpose of this study was to evaluate the tolerability, visual comfort and safety pro�le after ophthalmic drugs instillation (ID and
approved drugs [AD]) in NHV enrolled in phase 1 clinical trials.

Methods
Study design

The design of this study was based on previous similar published works [12 – 14]. A retrospective analysis of the former phase 1 clinical
trials executed by Laboratorios Sophia, S.A. de C.V. was performed. Six studies met the criteria to be considered in the analysis, including a
prospective registration on clinicaltrials.gov, and whether the trial was completed as planned, with a median duration of 8.5 (7 to 10) day.
The studies included were randomized, parallel, prospective, controlled, single-center trials. The studies were registered at clinicaltrials.gov
as follows; NCT04081610, NCT03524157, NCT03520348, NCT03966365, NCT03965052 and, NCT03519516. They were conducted in six
centers in Mexico after an ethics committee for each trial study reviewed and approved said study’s protocol and its corresponding informed
consent form (see Declarations section). All studies were conducted in compliance with the Declaration of Helsinki and in accordance with
Good Clinical Practices Standards. All volunteers that participated provided written and signed informed consent. NHV were recruited
between July 2017 and October 2019, see Table 1. This study adheres to CONSORT guidelines.

Subjects

Inclusion criteria included normal healthy male or female volunteers (aged 18 – 45 years), visual acuity of 20/30 or better, IOP ≥ 10 and ≤
21, normal vital signs, normal laboratory evaluation with 20% of margin. In the case of women of childbearing age, a birth control method
was necessary, because pregnancy/breastfeeding or high childbearing potential without a birth control method before inclusion were
considered exclusion criteria. Other exclusion criteria were the prevalent use of topical ocular drugs, trial participation <90 days before
signing informed consent, current pharmacological medication or herbology treatments (that may affect the study’s outcomes) by any other
route of administration and being a contact lens user. For more information about inclusion and exclusion criteria see Supporting
Information.

Treatment and Evaluations

One hundred and sixty-six NHV were randomized in a 1:1 ratio to receive either a lubricant (ID: n=38 or AD: n=50), a hypotensive drug (ID:
n=24 or AD: n=24), or an antibiotic drug (ID: n=15 or AD, n=15) through computer software randomization numbers (SAS Institute, Inc, Cary,
NC, USA).The posology and experimental time of each trial are represented in Table 1.

For the analysis of the variables described during the ophthalmological exploration (VA, IOP, ocular surface staining, ocular
symptomatology, and conjunctival impression cytology [CIC]), each eye was considered an individual case [15].

Primary Endpoints

Visual comfort: Ocular surface irritation was examined using the Ocular Comfort Index (OCI). The OCI questionnaire is suitable for
assessing the impact of ocular surface disease and changes in severity to design therapeutic strategies. Only the extreme responses (0,
never; 6, always) were labeled, in order to minimize the effects of differences in subjective interpretation [16].

Safety assessments: Safety was evaluated through changes on speci�ed laboratory evaluations of interest including liver-associated
enzymes (LAE), vital signs, visual acuity (VA), intraocular pressure (IOP), �uorescein and lissamine green corneal and conjunctival staining,
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conjunctival hyperemia, chemosis and incidence of adverse events. The laboratory evaluations included glucose, creatinine, hematic
cytometry, and LAE (AST, ALT, direct bilirubin (conjugated) and total bilirubin). To pool the data from different studies, LAE levels were
converted to multiples of the upper limit of normal value (ULN) [17]. The measured vital signs were the heart and respiratory rate (HR and
RR, respectively), and systolic and diastolic blood pressure (SBP and DBP, respectively). Potential safety signals for most laboratory
evaluations were identi�ed based on values that fell outside of normal reference ranges in Mexican population. The VA was determined with
a Snellen chart. The IOP was measured using a calibrated Goldmann applanation tonometer. The ocular surface was evaluated with a slit
lamp, aided by �uorescein and green lissamine staining (GLS). Surface dye staining was classi�ed in a scale from 0 to V in accordance with
the percentage of affected area (Oxford scale). Changes in conjunctival hyperemia were assayed with the Efron scale and incidence of
chemosis was recorded. For AE evaluation, any method used in the clinical trials to elicit participant/reported AE, such as a diary, checklist,
memory aid, etc., whether applied face-to-face or otherwise were considered. AEs occurring during each clinical protocol were recorded and
included in this analysis.

Secondary Endpoints:

NHV under lubricants and antibiotic trials were questioned about their satisfaction with their respective treatment (discomfort), and it was
measured through the ocular symptomatology post-installation determined by burning, itching and foreign body sensation (FBS) using a
survey questionnaire. Additionally, only in trials involving lubricants goblet cells density and Nelson’s grades were determined by CIC.

Data Analysis

Since this study was not designed to test a speci�c hypothesis, a sample size was not calculated based on statistical power calculations.
We investigated the association of the type of treatment (lubricant, hypotensive or antibiotic drug) and their safety pro�le. In a second
analysis, we strati�ed data by type of drugs: ID versus AD (pre-speci�ed in each protocol). The categorization was based on the conclusion
of the study (e.g. the ID was than safer as AD). Evaluations were performed in per-protocol population, established as a randomized
participant with no major deviation from the protocol (PP; n=162 NHV). All the participants who were enrolled in each study were included in
the AE analyses (intent-to treat population, ITT; n=166 NHV). The continuous variables were assessed using a general lineal model (GLM)
multivariate analysis and repeated measures for data collected at three times. Tukey’s comparisons were used when required for the post
hoc analyses. The ordinal variables were analyzed using 2 x 2 contingency tables and the differences were calculated with Pearson Chi-
square test or Fisher’s exact test. For the AE analysis, a logistic regression was used to calculate odd ratio (OR) and 95% con�dence interval
(CI) for the association between determinants and studies. ORs were used to determine whether the ID exposure may be a risk factor for the
incidence of AE, and to compare the magnitude of type of drug risk factor for that outcome as follows: OR=1, exposure does not affect odds
of outcome; OR>1, exposure associated with higher odds of outcome, and OR<1, exposure associated with lower odds of outcome [18]. All
data analyses were in SPSS 19.0 software for Windows (SPSS Inc., Chicago, IL, USA). A p-value ≤ 0.05 was considered signi�cant.

Results
Characteristics of the participants: A total of 166 NHV, were enrolled, two subjects discontinued their participation because of either AE
(ocular hypotonia and rhinitis), other for protocol deviations , and another due to poor adherence of indicated treatment (<80%). Therefore,
162 NHV completed their entire protocol without deviations up to the safety call, instilling ID or AD during a study from different therapeutic
areas, including lubricants, hypotensive agents and antibiotics see Figure 1. There were no demographic or clinically relevant differences at
baseline between treatment groups. Mean age ± standard deviation (SD) was 27.41 ± 6.6 years (range 18 – 45), 53.6% of the NHVs were
female (Fisher exact test, p=0.641), see Table 2.

Primary Endpoints

Visual Comfort: Baseline OCI score (mean ± SD) was similar between lubricant and hypotensive treatment groups (see Table 2); meanwhile,
the antibiotic group had a lower basal OCI score (F(2,165)=11.760; p=0.0001). On the �nal visit, 72.3%, 39.6% and 66.7% of the NHV in each
group improved their initial score (Pearson Chi-square test, p=0.001). The mean of change ± SD from baseline to �nal visit was -6.24 ± 12.5
for lubricant, 2.12 ± 10.9 for hypotensive and, -3.31 ± 9.8 for antibiotic group. The hypotensive group showed a signi�cant increase in their
score compared to lubricant (Tukey test, p=0.0001). Additionally, no signi�cant differences between type of drug (ID or AD) were observed
(F(1,158)=0.011, p=0.924), also between-factor interaction (treatment x type of drug) was not signi�cant (p=0.356), see Table 3.

Laboratory Evaluations: As expected for NHV, laboratory results for hematological and biochemical parameters were within normal ranges
at baseline. We did, however, �nd statistically signi�cant differences on HTC, HGB and MCV levels (all of them, under ULN). The hypotensive
group levels were higher than that of lubricant and antibiotic groups (Tukey test, p<0.05). On the �nal visit, the MCV level was signi�cantly
different between treatments (p=0.0001), also we found differences between type of drug, on AST and total bilirubin (p<0.05), however
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between-factor interaction (visit x treatment x type of drug) was not signi�cant (p>0.05), see Table 4. ALT and AST elevations were observed
in three subjects under lubricants and other on hypotensive study group (2.4%), from baseline to �nal visit (reported as an AE). Two subjects
(AD) had values greater than 1.2 times ULN-AST. For ALT levels, two NHV had values 1.5 times higher, and other 2.6 times higher, meanwhile
only one NHV in ID had one value greater than 1.02 times ULN during the treatment. LAE were resolved by the end of follow-up study period
and no safety additional issues were raised.

Vital Signs: As expected for NHV vital signs parameters were within normal ranges at baseline. Relatively few vital signs values were
statistically lower between treatments at baseline. The RR in hypotensive group (F(2,164)=4.209; p=0.017), the SBP in antibiotic
(F(2,164)=3.446; p=0.034) and, the DBP in lubricant group (F(2,164)=4.180; p=0.017) were consistently and signi�cantly lower at the �nal visit
(p-values: 0.001, 0.049 and, 0.006 respectively). However, the interactions between-factors (visit x treatment and visit x type of drug) were
not signi�cant (p>0.05), see Table 5. On �nal visit, only 1 (0.6%) NHV had high HR, 12 (7.3%) NHV had high SBP, and 3 (1.8%) NHV had high
DBP. However, these �ndings were not reported as AEs.

Visual acuity (VA) and intraocular pressure (IOP): Baseline VA was similar between groups however, the mean value for the antibiotic group
was lower compared with the other treatments (F(2,302)=19.956, p=0.048). The type of drugs was different too (p=0.048), but the interaction
(treatment x type of drug) was not signi�cant (p=0.681). On the �nal visit, no signi�cant differences between treatments, or types of drugs,
were observed (p>0.05). The visit x treatment interaction was signi�cant (p=0.016) but visit x type of drug and between-factors interactions
were not signi�cant (0.166 and 0.562, respectively), see Table 3.

Baseline IOP was similar between treatments and type of drug, without differences (p-values: 0.062 and 0.691, respectively). On the �nal
visit, as expected, the IOP decreased signi�cantly by 2.3 mmHg in the hypotensive agents group (p=0.0001), without differences between
the type of drug (p=0.913). The visit x treatment interaction was signi�cant (p=0.0001) but visit x type of drug and between-factors
interactions were not signi�cant (0.830 and 0.298, respectively), see Table 3.

Fluorescein and lissamine green staining: On the �nal visit, �uorescein staining was graded as absent (grade 0, Oxford scale) for 81.3% and
as minimal-to-mild (grade I or II) for 18.7% of NHV exposed to lubricants. Meanwhile 89.6% and 94.8% were absent and 10.4% and 5.2%
were grade minimal for hypotensive and antibiotic treatments, respectively (Pearson Chi-square test, p=0.088). No differences were
observed between the factor type of drug on baseline and at the �nal visit (Pearson Chi-square test, p-values; 0.915 and 0.416). Similar
percentages for LGS were observed on �nal visit, 85.3% was absent and 14.7% minimal-to-mild for lubricant, 88.5% absent and, 11.5% was
minimal-to-mild for hypotensive, meanwhile 96.6% was absent and 3.4% minimal for antibiotic group (Pearson Chi-square test, p=0.051). No
differences were observed between the factor type of drug on baseline and at the �nal visit (p-values; 0.257 and 0.053), see Table 3.

Conjunctival hyperemia and chemosis: Similar �ndings were observed in the analysis of conjunctival hyperemia; after the intervention time
and compared with baseline, there was no signi�cant improvement in all groups, It was graded as trace to mild hyperemia for lubricant
(20.7%), hypotensive (26%) and antibiotic groups (5.2%) (Pearson Chi-square test, p=0.006). The type of drug was signi�cant on baseline
(p=0.022), but this �nding was not retained in the �nal visit (Pearson Chi-square test, p=0.638). Finally, no participants presented chemosis
before or after their respective treatment, see Table 3.

Adverse events: A total of 205 AE occurred in 59.6% of NHV (99/166). The hypotensive group had a higher incidence of AE than that the
other treatments (Pearson Chi-square test, p=0.0001). A total of 65 AEs/39 NHV were reported for lubricants (46.2% for ID vs 53.8% in AD,
p=0.781), 117 AE/43 NHV for hypotensive agents (47% for ID vs 53% in AD, p=0.705), and 23 AE/17 NHV (56.5% for ID vs 43.5% in AD,
p=0.559) for antibiotic drugs. The most common class of reported AE were burning (30.7% [26.2%, 27.4%, and 60.9% in lubricant,
hypotensive and antibiotic treatments respectively]), followed by conjunctival hyperemia (11.7% [19.7% and 4.3% in hypotensive and
antibiotic treatments]), and itching (10.7% [15.4%, 6.8%, and 17.4% in lubricant, hypotensive and antibiotic treatments respectively]), see
Figure 2. There was a total of 201 mild AE (98% of the total AE), 3 moderate (1.4%), and one serious AE (0.5%, ocular hypotonia), without
differences between treatments (Pearson Chi-square test, p=0.667). Only 14.6% of the AE were deemed unrelated to the study medication.
No deaths were reported. The logistic regression (used to calculate ORs), found that in lubricant trials, the ID had a lower risk of incidence of
AE than AD, OR 0.856, 95% CI, [0.365, 1.999]. Similar results occurred in hypotensive drugs, OR 0.636, 95% CI, [0.096, 4.197], nevertheless for
antibiotic drugs, the risk of incidence for ID was higher than AD, OR 1.313, 95% CI, [0.309, 5.583]. For all groups, no differences between the
risk for occurrence of AE in ID versus AD were observed, OR 1.008, 95% CI, [0.541, 1.887].

Secondary endpoints

Burning, itching and FBS, were considered the parameters to evaluate discomfort. In all studies, lubricants and antibiotics were well
tolerated. At the �nal visit, burning sensation was reported in 19.5% NHV for lubricants and 27.6% for the antibiotic group (Pearson Chi-
square test, p=0.191). No signi�cant differences were observed between types of drugs in each treatment (p>0.05). Findings were similar for
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itching between treatments: 23.2% for lubricant, and 17.2% for antibiotic group reported itching at the �nal visit (Pearson Chi-square test,
p=0.650). For each treatment, there were no differences between ID and AD (Pearson Chi-square test, p-values; 0.343 and 0.741).
Additionally, only 13.4% of NHV exposed to lubricants reported FBS at the �nal visit (Fisher exact test, p=0.003), however, these �ndings
were not statistically different in the analysis between types of drugs (Fisher exact test, p=1.000). Finally, compared to baseline, there was a
signi�cant increase in conjunctival goblet cell density (280.2 ± 140.3 cell/mm2 vs 332.3 ± 126.7 cell/mm2, p=0.001) by the �nal visit in the
lubricants group. At baseline, 37.8% NHV were classi�ed as having normal CIC grade-0 (classi�cation of Nelson), by the �nal visit, 41.5%
had grade 0, without signi�cant differences (p=0.700). No signi�cant differences were observed between type of drugs on baseline and �nal
visit (Pearson Chi-square test, p-values; 0.957 and 0.533).

Discussion
Phase 1 trial participants are typically healthy volunteers who pass health screenings and have no identi�able medical conditions related to
the investigative drugs [2]. Additionally, because these volunteers are in “good health”, they gain no direct medical bene�t from research
participation; also, they are typically recurring participants enrolling serially in phase 1 trials [19]. The main purpose for executing phase 1
trials is to evaluate a drug´s safety, with a low risk of originating numerous and/or severe AEs in unaffected parties. Participating in such
trials requires every NHV to report any symptoms experienced during the study in order to identify all the adverse events potentially related
to the ID [2]. In this case, the six trials included were comparative studies with the approved counterpart of each ID, therefore allowing the
con�rmation of previously described AE or the addition of newly discovered unfavorable related symptoms. More so, evaluating the
tolerability of such ophthalmic products in NHV may translate in a clinically and statistically signi�cant conjecture on how the symptoms
associated to their application may affect the user’s adherence and consequently their e�cacy once they are commercialized.

The OCI was selected to evaluate tolerability since it provides a valid measurement on the basis of Rasch analysis, more so than other
questionnaires like the Ocular Surface Disease Index (OSDI) or McMonnies, However, all these tools have shown weak correlations with
objective dry eye disease clinical tests like VA, tear break-up time or corneal �uorescein staining [20]. Because of this, it is advisable to the
use both subjective and objective markers as endpoints in clinical trials for ophthalmic lubricants. On the other hand, topical hypotensive
agents, of any drug families available today, characterize themselves for giving rise to ocular surface symptoms in a more prevalent and
severe fashion than other ophthalmic products [21]. This study con�rms this presumption as shown by the decrease in OCI scores by the
�nal visit of NHVs in the hypotensive agents group, being this decrease signi�cantly lesser for them in comparison to those in the antibiotics
and lubricants groups (39.6%, 66.7% and 72.3%, respectively).

For other variables regarding ocular surface evaluation, such as hyperemia, NHVs exposed to hypotensive agents and lubricants did not
present a statistically signi�cant difference (26% and 20.7%, respectively), whereas the antibiotic group presented a lower incidence (5.2%).
Both �uorescein and lissamine green staining did not show a difference when comparing basal and �nal visits for any type of medications.

A total of 205 AE in 99 NHV (59.6%; 99/166) were reported. For the hypotensive agents group 117 AE were present in 43 NHV (98.3%
considered mild), a signi�cantly greater number than that of lubricants and antibiotics. (p = 0.0001) As shown in Fig. 2, for every group of
medications there was no difference between ID and AD groups (lubricants, p = 0.781; hypotensive agents, p = 0.705; antibiotics, p = 0.559).
However, it is relevant to point out that for the ocular hypotensive agents group, all the studied variables were also considered AEs; whereas
for the lubricants and antibiotics groups the AEs and the �ndings of the ophthalmological explorations were analyzed separately in the
original trials. It is also worth mentioning that none of the total moderate (3) AEs were considered related to the use of the studied
ophthalmic products. Concerning the only reported severe AE, as expected with the hypotensive agents, the IOP decreased signi�cantly in
one NHV who experienced a decrease of ~ 8 mmHg. However, by the �nal follow up visit, this parameter had normalized, and no safety
additional issues had been raised. Similarly, decreased in IOP has been observed in other phase 1 trials where NHV receiving hypotensive
agents like beta-blockers or prostaglandin analogues also reported a signi�cant IOP drop [22, 23].

The vital signs are fundamental to assess any drug’s general safety pro�le because they are objective measurements of essential
physiological functions. Even though the systemic effects of ophthalmic solutions are rare, some compounds have reported to cause
systemic alterations after absorption into the bloodstream, particularly those used to lower de IOP since their mechanism of action may
in�uence receptors in the cardiovascular and pulmonary systems. Blood pressure, heart and respiratory frequencies were measured. Basal
values were normal, and by the �nal visit there were no clinical or statistically signi�cant differences, observing only a slight raise in HR, SBP
and DBP (0.6%, 7.3%, and 1.8%, respectively). Despite the reported potential variations of vital signs after instillation, NHV exposed to
hypotensive agents presented an increase of DBP equivalent to a nonsigni�cant p = 0.006, while the rest of parameters being either equal or
lower than those belonging to the other two study groups.
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Regarding the laboratory evaluations, some participants were considered to suffer transaminitis and were considered to present an AE for
such results. However, it is important to mention that none of those NHV had any other related signs or symptoms, and that all cases
remitted within the 7-day follow-up without clinical relevance. Furthermore, a slight increment of ALT (10% above de ULN) and AST or
bilirubin (20% above the ULN) has been reported in the literature as acceptable as long as no other signs or symptoms of apparent disease
are present [24]. It has also been reported that ALT elevation above the ULN can occur in participants of phase 1 trials with no history of
signi�cant disease being treated only with placebo. Out of the volunteers receiving placebo for 14 days, 20% reported at least one value
between one and two times the ULN value, and some even obtained values higher than twice the ULN. The probability of having an
increased value raises with repeated measurements [17]. Such increments in healthy participants can be explained by genetic
polymorphisms, intraindividual short-term (1–7 days) and long-term variations, weight, body mass index, age, sex, physical activity and
maintained calorie intake [17, 24–26]. Hence, the results of transaminases in phase 1 trials should be analyzed and interpreted carefully to
avoid misdiagnosed hepatotoxicity [17].

Finally, goblet cell density was evaluated for the lubricant group, and an increase, though statistically signi�cant, was observed. This
increase coincides with reports portrayed in other studies and may translate in a clinically meaningful enhancement.

Summarizing, all the data analyzed in this study, from the subjective OCI questionnaire to the objective evaluation of ophthalmological
variables, systemic examinations and laboratory results, ascertains that ophthalmic medications from three different pharmaceutical
families are safe and tolerable when applied on the ocular surface of healthy volunteers. No new adverse events were detected beyond
those previously described in literature for each group; however, for both lubricants and hypotensive agents, the investigative drugs proved
to have a lesser risk to produce adverse events, in comparison to their approved counterparts.

This study had several limitations. First, the data presented belonged to NHV under pharmacological treatment, but no participants assigned
to placebo were included. This means that interpretations of safety and tolerability may be biased [2, 4]. A second limitation is enrollment of
Mexican population from the same city, not having a random sample from overall Mexican population. However, considering the ethnical
background of Mexicans in general, it is not expected to have a great variation of phenotypes since the habitants ancestry is fairly
homogeneous [27]. Thirdly, due to ethical reasons, the trials included in this study were executed following a single dose/concentration
schedule, in order to reduce the unnecessary risk of possible harm, especially since the active ingredients are known compounds and their
posology has already been stablished. However, despite these limitations, the overall strength of our statistical analyses and the data
management allowed a mitigation of these risk perceptions.

Conclusion
In conclusion, phase 1 clinical trials of ophthalmologic medications provide meaningful information with a small risk of yielding any severe
or long-lasting adverse events. Furthermore, it was also demonstrated that the instillation of ID is as safe and tolerable as that of AD in NHV.
Safety and tolerability pro�ling can not only protect future patients of deleterious local or systemic signs or symptoms induced by
ophthalmic drugs, but also assess the tolerability associated with them and therefore their potential effectiveness both through their actions
on the ocular surface and the prospective adherence for medium and long treatment periods.
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Table 1
Characteristics of studies

NCT number Treatment Study design FPFV –
LPLV

Enrolled
(n)

Treatment
duration

Posology Visits

NCT04081610 • SH-PF; PRO-037

• SH-PF; Lagricel® Ofteno (LOF)

Randomized,
opened,
parallel,
controlled

09/19/19–
10/23/19

34 7 days 1 drop QID,
both eyes

2 (BV,
FV)

NCT03524157 • SH/CS-PF; PRO-087

• Xanthan gum/CS-PF; Xyel®
Ofteno (XOF)

• PEG/PG; Systane® Ultra

Randomized,
double-blind,
parallel,
controlled

07/18/17–
02/21/18

30 10 days 1 drop QID,
both eyes

5 (SV,
BV,
V1–
2,
FV)

NCT03520348 • Dexpanthenol; PRO-167

• Dexpanthenol; Corneregel®

Randomized,
double-blind,
parallel,
controlled

10/12/17–
05/22/18

24 10 days QID, right eye
(approximately
1 centimeter)

4 (SV,
BV,
V1,
FV)

NCT03966365 •
Timolol/Brimonidine/Dorzolamide
PF-�xed combination; PRO-122

•
Timolol/Brimonidine/Dorzolamide
�xed combination; Krytantek®
Ofteno (KOF)

Randomized,
double-blind,
parallel,
controlled

05/03/19–
07/02/19

24 7 days 1 drop BID,
both eyes

4 (SV,
BV,
V1,
FV)

NCT03965052 • Travoprost; PRO-179

• Travoprost; travatan®

Randomized,
double-blind,
parallel,
controlled

04/24/19–
07/02/19

24 10 days 1 drop QID (at
night), both
eyes

4 (SV,
BV,
V1,
FV)

NCT03519516 • Levo�oxacin; PRO-174

• Cipro�oxacin; Sophixin® Ofteno
(SOF)

Randomized,
double-blind,
parallel,
controlled

02/19/18–
05/14/18

30 7 days - Days 1 and 2:
1 drop, 8 daily
applications
(every 2
hours), both
eyes

-Days 3–7: 1
drop QID
(every 4
hours), both
eyes

4 (SV,
BV,
V1,
FV)

Abbreviatures: BID, twice a day; BV, basal visit; CS, chondroitin sulfate; FPFV, �rst patient-�rst visit; FV, �nal visit; LPLV, last patient-last
visit; PEG, polyethylene glycol 400; PF, preservative-free; PG, propylene glycol; QID, four times a day ;SH, sodium hyaluronate; SV,
screening visit.

Investigational drugs: PRO-037, PRO-087, PRO-167, PRO-122, PRO-179, and PRO-174, by Laboratorios Sophia, S.A. de C.V., Zapopan, Jal,
Mexico.

Approved drugs: Lagricel® Ofteno, Xyel® Ofteno, Krytantek® Ofteno, and Sophixin® Ofteno by Laboratorios Sophia, S.A. de C.V.,
Zapopan, Jal, Mexico, Systane® Ultra, Alcon Laboratories, Inc., Fort Worth, TX, USA, Corneregel®, Bausch & Lomb, Inc., Berlin, Germany,
Travatan®, Alcon Laboratories, Inc., Fort Worth, TX, USA.
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Table 2
Initial characteristics of each group (n = 166 NHV; 308 eyes)

  Lubricant Hypotensive Antibiotic

Female / Malea, % 53.4 / 46.6 47.9 / 52.1 63.3 / 36.7

Ageb, year ± SD 28.44 ± 6.4 26.21 ± 6.1 26.30 ± 7.6

OCIb, score ± SD 26.98 ± 11.6 24.91 ± 9.2 15.63 ± 12.3*

IOPb, mmHg ± SD 13.17 ± 1.9 13.81 ± 2.4 12.62 ± 1.5

VAb, Snellen ± SD 20.85 ± 2.4 21.95 ± 3.5* 20.33 ± 1.6

Conjunctival hyperemia grade 0a, n (%) 98 (64.5) 81 (84.4) 60 (100)*

LGS grade 0a, n (%) 119 (78.3) 83 (86.5) 60 (100)*

Fluorescein staining grade 0a, n (%) 116 (76.3) 90 (93.8) 60 (100)*

Abbreviatures: IOP, intraocular pressure; LGS, lissamine green staining; NHV, normal healthy volunteer; OCI, ocular comfort index; SD,
standard deviation; VA, visual acuity.

aChi square test, bANOVA, between treatments, *p < 0.05.

Table 3
Ophthalmological exploration at �nal visit (n = 164, NHV; 304 eyes)

  Lubricant Hypotensive Antibiotic

OCIb, score ± SD 20.40 ± 11.1 27.03 ± 10.8 12.85 ± 11.8*

IOPb, mmHg ± SD 12.70 ± 1.6 11.53 ± 2.1* 12.60 ± 1.4

VAb, Snellen ± SD 20.53 ± 1.9 21.07 ± 2.9 20.66 ± 2.2

Conjunctival hyperemia grade 0a, n (%) 119 (79.3) 71 (74.0) 55 (94.8)*

LGS grade 0a, n (%) 128 (85.3) 85 (88.5) 56 (96.6)

Fluorescein staining grade 0a, n (%) 122 (81.3) 86 (89.6) 55 (94.8)*

Abbreviatures: IOP, intraocular pressure; LGS, lissamine green staining; NHV, normal healthy volunteer; OCI, ocular comfort index; SD,
standard deviation; VA, visual acuity.

aChi square test, bANOVA, between treatments, *p < 0.05.
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Table 4
Hematological and biochemical parameters

Treatment Type of drug HTC, %

(40–54)

HGB, g/dL

(12–18)

RBC, M/Ul

(4.5–6.5)

MCV, fL

(84–104)

WBC, mi/Ul

(4–11)

Platelet, mi/Ul

(150–400)

Mean ± Standard deviation

Baseline hematological parameters

Lubricants

(n = 53)

ID 42.44 ± 3.9 13.83 ± 1.4 4.66 ± 0.4 91.24 ± 3.3 6.74 ± 1.4 253.45 ± 44.6

AD 43.76 ± 4.0 14.48 ± 1.6 4.83 ± 0.4 90.70 ± 3.9 6.51 ± 1.3 254.42 ± 51.6

Hypotensive

(n = 48)

ID 45.55 ± 3.9 14.74 ± 1.3 4.89 ± 0.5 93.28 ± 4.6 7.09 ± 2.5 240.29 ± 54.2

AD 46.93 ± 4.8 15.20 ± 1.5 4.95 ± 0.5 94.96 ± 3.8 7.13 ± 1.7 241.50 ± 39.8

Antibiotic

(n = 30)

ID 43.63 ± 3.9 14.21 ± 1.3 4.77 ± 0.5 91.67 ± 3.1 6.19 ± 1.4 254.00 ± 43.9

AD 42.51 ± 4.8 13.85 ± 1.8 4.63 ± 0.7 92.34 ± 4.2 6.28 ± 1.7 257.67 ± 49.3

Final hematological parameters

Lubricants

(n = 52)

ID 42.19 ± 3.8 13.75 ± 1.4 4.64 ± 0.4 91.17 ± 3.7 6.63 ± 1.5 249.00 ± 39.3

AD 43.66 ± 4.0 14.31 ± 1.5 4.81 ± 0.4 90.89 ± 4.1 6.57 ± 1.4 252.60 ± 48.0

Hypotensive

(n = 46)

ID 45.58 ± 4.2 14.76 ± 1.4 4.92 ± 0.5 92.87 ± 4.1 6.83 ± 1.6 254.04 ± 52.0

AD 46.01 ± 4.2 14.99 ± 1.3 4.89 ± 0.4 94.23 ± 3.8 6.61 ± 1.6 261.04 ± 53.8

Antibiotic

(n = 29)

ID 44.21 ± 4.0 14.17 ± 1.3 4.78 ± 0.5 92.71 ± 3.0 6.14 ± 1.6 253.13 ± 38.1

AD 43.05 ± 4.5 13.85 ± 1.7 4.64 ± 0.6 93.11 ± 3.9 6.24 ± 1.6 239.14 ± 30.7

p1 0.884 0.250 0.276 0.0001 0.345 0.103

p2 0.213 0.154 0.296 0.532 0.544 0.780

Treatment Type of drug Glucose, mg/dL

(70–100)

Creatinine, mg/dL

(0.7–1.3)

AST, U/L

(0–38)

ALT, U/L

(0–41)

TB, mg/dL

(0–1.1)

DB, mg/dL

(0–0.3)

Mean ± Standard deviation

Baseline biochemical parameters

Lubricants

(n = 53)

ID 81.05 ± 6.8 0.87 ± 0.2 19.91 ± 6.5 19.23 ± 8.4 0.57 ± 0.2 0.14 ± 0.1

AD 83.48 ± 7.6 0.85 ± 0.1 20.48 ± 4.0 21.41 ± 9.5 0.66 ± 0.2 0.15 ± 0.1

Hypotensive

(n = 48)

ID 85.83 ± 7.2 0.82 ± 0.2 18.57 ± 4.1 20.96 ± 10.5 0.67 ± 0.2 0.13 ± 0.0

AD 85.91 ± 6.9 0.81 ± 0.2 17.17 ± 5.9 16.57 ± 7.9 0.65 ± 0.2 0.12 ± 0.0

Antibiotic

(n = 30)

ID 86.54 ± 6.9 0.85 ± 0.1 18.93 ± 6.6 21.00 ± 7.9 0.67 ± 0.3 0.15 ± 0.1

AD 81.33 ± 7.3 0.83 ± 0.1 17.93 ± 7.2 17.80 ± 9.0 0.68 ± 0.2 0.17 ± 0.1

Final biochemical parameters

Lubricants

(n = 52)

ID 82.18 ± 6.4 0.88 ± 0.1 17.55 ± 3.9 20.82 ± 11.5 0.62 ± 0.2 0.14 ± 0.1

AD 84.14 ± 7.4 0.85 ± 0.1 20.70 ± 6.9 25.17 ± 18.6 0.59 ± 0.2 0.14 ± 0.1

Hypotensive

(n = 46)

ID 89.92 ± 8.6 0.82 ± 0.2 18.08 ± 4.7 18.67 ± 10.2 0.68 ± 0.3 0.12 ± 0.1

AD 87.39 ± 6.4 0.80 ± 0.1 20.17 ± 7.1 19.25 ± 10.6 0.69 ± 0.3 0.14 ± 0.1

Antibiotic

(n = 29)

ID 87.07 ± 6.7 0.85 ± 0.1 19.07 ± 5.9 20.27 ± 6.1 0.67 ± 0.2 0.15 ± 0.1

AD 80.86 ± 7.0 0.84 ± 0.1 18.93 ± 6.5 17.29 ± 7.8 0.64 ± 0.2 0.17 ± 0.1

p1 0.753 0.942 0.134 0.321 0.703 0.548
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Figures

Treatment Type of drug HTC, %

(40–54)

HGB, g/dL

(12–18)

RBC, M/Ul

(4.5–6.5)

MCV, fL

(84–104)

WBC, mi/Ul

(4–11)

Platelet, mi/Ul

(150–400)

Mean ± Standard deviation

p2 0.657 0.414 0.011 0.337 0.044 0.848

Abbreviatures: AD, approved drug; ALT, alanine transferase; AST, aspartate transferase; DB, direct (conjugated) bilirubin; GLM, general
linear model; HGB, hemoglobin; HTC, hematocrit; ID, investigational drug; MCV, mean corpuscular volume; RBC, red blood cell; TB, total
bilirubin; WBC, white blood cell.

GLM multivariate, Plots: p1 for visit x treatment, p2 for visit x type of drug.

Table 5
Vital Signs

Treatment Type of drug HR, beats/min

(60–100)

RR, breaths/min

(12–20)

SBP, mmHg

(90–120)

DBP, mmHg

(60–80)

Mean ± Standard deviation

Baseline

Lubricant ID 75.19 ± 6.4 16.92 ± 3.1 111.89 ± 11.0 70.14 ± 6.1

AD 72.63 ± 8.3 16.43 ± 2.8 115.47 ± 8.6 71.29 ± 5.3

Hypotensive ID 75.17 ± 6.4 16.08 ± 1.3 112.54 ± 8.0 74.08 ± 5.6

AD 73.21 ± 7.9 15.92 ± 1.1 110.67 ± 7.3 72.83 ± 4.7

Antibiotic ID 70.86 ± 6.6 17.93 ± 1.7 109.29 ± 5.1 70.71 ± 4.8

AD 70.53 ± 4.0 17.33 ± 1.7 109.00 ± 7.6 71.67 ± 5.9

Final

Lubricant ID 74.59 ± 8.6 16.89 ± 2.7 112.00 ± 10.9 69.24 ± 5.9

AD 74.90 ± 10.7 16.20 ± 2.9 115.18 ± 9.6 70.98 ± 5.8

Hypotensive ID 74.25 ± 9.3 15.96 ± 1.2 111.05 ± 8.9 74.29 ± 5.1

AD 76.46 ± 7.5 15.71 ± 1.3 111.21 ± 7.8 72.46 ± 4.2

Antibiotic ID 71.57 ± 7.7 18.36 ± 1.7 109.29 ± 7.0 72.50 ± 5.8

AD 70.93 ± 5.2 17.73 ± 2.0 109.33 ± 8.0 71.33 ± 5.2

p1 0.597 0.445 0.932 0.532

p2 0.155 0.780 0.619 0.463

Abbreviatures: AD, approved drug; DBP, diastolic blood pressure; GLM, general linear model; HR, heart rate; ID, investigational drug; RR,
respiratory rate; SBP, systolic blood pressure.

GLM repeated measures, p1 for visit x treatment, p2 for visit x type of drug. For lubricant: n = 86; hypotensive: n = 48, and antibiotic: n = 
29.
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Figure 1

Study �ow diagram, summary of NHV search and selection.
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Figure 2

Incidence of adverse events (AE) in ITT population for approved drugs (AD, upper polar graphs) and investigational drugs (ID, lower polar
graphs). A total of 205 AE was presented in 59.6% NHV. For another AE the incidence was <2%. Presence of AE in hypotensive drugs >
lubricant and antibiotic drugs, Chi square test, p=0.0001.
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