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Palmitoylethanolamide Effects on Intraocular Pressure After
Nd:YAG Laser Iridotomy: An Experimental Clinical Study
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Abstract

Purpose: The purpose of this article was to evaluate whether the anti-inflammatory agent palmitoylethanola-
mide (PEA) can counteract the increase of intraocular pressure (IOP) that may occur after neodymium-doped:
yttrium aluminum garnet (Nd:YAG) laser iridotomy.

Methods: Fifteen patients underwent bilateral laser iridotomy (Visulas YAG III Laser; Zeiss) for the prevention
of primary closed-angle glaucoma. The IOP was measured at the beginning of the study (t-1), after 15 days of
pretreatment with placebo or PEA (t0), and at 15, 30, and 120 min after the iridotomy (1, 2, t3). The pre-
treatment consisted of 2 tablets of placebo or PEA per day for 15 days.

Results: The t-test did not show a significant difference between the preoperative mean values of IOP ¢ -1 and 0
in both the pretreatments. Analysis of variance/Tukey’s test pointed out a significant increase of the postop-
erative IOP values in placebo pretreated patients (P<0.05), but not in those who were pretreated with PEA. The
trend analysis confirmed the significant positive trend in placebo pretreatment. The parallelism test between the
2 regressions showed a significant difference for the slopes (P=0.022) and not for the intercepts (P =0.520).
Conclusions: PEA can counteract the increase of IOP that occurs after iridotomy. It is likely that PEA controls the

inflammatory process after iridotomy.

Introduction

SEVERAL AUTHORs'™ DESCRIBED THE incidence and seri-
ousness of complications after Argon or Q-switched
neodymium-doped: yttrium aluminum garnet (Nd:YAG)
laser iridotomy, especially in those patients presenting with
narrow iridocorneal angles or closed-angle glaucoma. An
immediate postsurgical intraocular pressure (IOP) rise of
6mmHg or more was, in fact, noticed in 42% of the eyes
undergoing the treatment, and in 28% of the patients a
higher rise was recorded (=40 mmHg) when compared with
the presurgery IOP level.'™ It was demonstrated that these
acute IOP rises might damage the optic nerve in susceptible
eyes.” Numerous researchers have used different presurgical
pharmacological treatments to decrease the IOP rise by
means of topical and/or systemic therapy. These include
beta blockers,®® pilocarpine,9 clonidine,'® dorzolamide,!
iopidine,12 corticosteroids,'® nonsteroidal anti-inflammatory
agents,14’15 and carbonic anhydrase inhibitors.'® The major-
ity of these systemic treatments did not have the desirable
therapeutic effects except for oral carbonic anhydrase inhib-
itors that are capable of preventing pressure rises in the
treated patients.'® Cabonic anhydrase inhibitors are not al-
ways well tolerated by the patients'’'® and the topic treat-

ments do not always decrease the IOP enough. Moreover, all
the authors agreed that an increase in the postsurgical IOP
can be dangerous in glaucomatous patients.'

Recent studies have emphasized the anti-inflammatory
function of an endogenous molecule belonging to the group
of fatty acid ethanolamides known as palmitoylethanola-
mide (PEA).

This molecule has been found in leukocytes and in stim-
ulated macrophages,'®®® in inflamed or stressed skin
cells,?*2 in experimental studies on the cortical neurons,”
and more recently, in the cerebral cortex of mice subjected to
focal ischemia.”* PEA is the product of a natural fatty acid,
palmitic acid (C16:0), in which the carboxylic function forms
an amide through the combination with the primary amine,
ethanolamine.”?° Tt is a natural molecule and was originally
isolated from soy lecithin® and eventually found in the
majority of mammal tissues.”® As it does not directly interact
with the cannabinoid receptors (CB; and CB,), it cannot be
considered an endocannabinoid. However, it has been
widely demonstrated that PEA is synthesized and released
after cellular damage, performing an anti-inflammatory
action.!™2?

In the wake of these data, our research team wanted to
investigate the effects of PEA during Nd:YAG laser
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iridotomy considering that, after surgery, an inflammatory
process occurs in several structures of the anterior chamber,
with an IOP rise. The aim of this study was to demonstrate
the modulatory effect of PEA on the postsurgical IOP rise.

Methods
Patients and protocol

The research was carried out by analyzing a sample of 15
patients with a family history of glaucoma, in whom a re-
duced depth of the anterior chamber in both eyes had been
diagnosed. There were 5 males and 10 females with an av-
erage age of 66.13+12.43 years (range: 87-47 years). Elig-
ibility was determined through a detailed medical and ocular
history and a comprehensive eye exam. All subjects were free
of ocular or systemic disease, including age-related macular
degeneration, diabetes, multiple sclerosis, myopia, previous
intraocular surgery, or trauma. The eye examination in-
cluded the best-corrected visual acuity (BCVA) for far and
near vision, slit-lamp biomicroscopy, IOP measurements
with Goldmann applanation tonometry at 4 different times,
corneal pachymetry, gonioscopy, dilated fundus examina-
tion, horizontal cup-disc (C/D) ratio evaluation, visual field
on the 30-2 threshold SITA standard program, visual field on
the frequency-doubling technology 30-2 threshold program
Matrix Humphrey (Carl Zeiss Meditec, Inc.), and pattern
electroretinogram on the optoelectronic stimulator Vision
Monitor MonPack 120 by Metrovision (Pérenchies, France).”

The inclusion criteria were:

- Refraction values from +1 to +4 dioptres (D) sphere and

up to*2D cylinder;

BCVA for far distance ranging between 8/10 and 10/10

(logMAR 0.14 to —-0.3);

- Normal corneal pachimetry (540-620 pm);

- Horizontal C/D ratio of 0.4 to 0.7 at slit-lamp examina-
tion.

These patients had to undergo a bilateral prophylactic ir-
idotomy to prevent primary closed-angle glaucoma. The
eyes were randomly selected and the study was single
masked. This was a 2-phase surgery. In fact, the eyes were
separately treated with an interval of 20 days between the 2
surgeries, and the second operation occurred only if the first
one had been successful. Before the surgery, the patient was
subjected to 15 days of “placebo” pretreatment. For the sec-
ond eye, 15 days of pretreatment with “PEA” (Visimast
300mg, Epitech Group Srl) was done. During the pretreat-
ment with both the PEA and placebo, 2 tablets a day were
administered to the patients. In both phases, the following
measurement protocol of IOP was followed:

(1) At the beginning of the study (IOPt-1);

(2) After 15 days of pretreatment with “placebo” or “PEA”
(IOPt0), before the surgery began;

(3) At 15, 30, and 120 min (IOPt1, IOPt2, IOPt3), after the
end of surgery.

The collected data during the placebo and PEA pretreat-
ment configured a case—control study.

The research followed the tenets of the Declaration of
Helsinki. All of the patients had given informed consent.
The research was approved by the Committee on Faculty
Ethics.

PESCOSOLIDO ET AL.

Iridotomy surgery

The iridotomy surgery was performed using the pulsing
Visulas YAG 1II Laser (Carl Zeiss Meditec, Inc). With the
1064nm laser wavelength, a maximum temperature of
40°C, and a setting on a wave train III with a starting po-
tency of 2.5m], luminous intensities of 10'° W/cm? (for the
duration of a few nanoseconds) to 10 W/cm? (for the
duration of a few picoseconds) can be reached, generating
electric fields of 10°~10” V/cm. Ossibuprocaine chlorohy-
drate (Novesina, Novartis Pharma SpA) 0.4% individually
packaged was used as the anesthetic presurgically and for
the tonometry.

Statistics

The IOP values, expressed in mmHg, were subjected to
different methods of univariate statistical analysis:

1. Methods of univariate descriptive statistic of the central
location (AVS mean, M) and dispersion (standard de-
viation).

2. Univariate statistical comparison of sample means
[Student’s t-test and analysis of variance (ANOVA)/
Tukey’s test].

3. Univariate statistical comparison of sample trends
(parallel test to compare 2 regressions), when requested.

These analyses were performed by means of 2 statistical
packages, SPSS 13.0 and Primer for Windows, respectively.
The statistical significance of the comparison was attested to
a probability value of P<0.05.

To apply the univariate statistical comparison methods,
the following logic-demonstrative criteria were carried out:

- The presurgery average values of IOPt-1 and IOPt0 were
compared by the t-test to ascertain that the “placebo” or
“PEA” had no effect on the presurgical IOP;

- The postsurgery average values of IOPtl, IOPt2, and
IOPt3 were compared by the ANOVA/Tukey’s test to
ascertain the significant effect of the “placebo” and
“PEA” pretreatments on the postsurgical IOP;

- The trends of the postsurgical values of IOPt1, IOPt2, and
IOPt3 with respect to IOPt0 have been compared through
the parallel test comparison between 2 regressions, to
ascertain whether or not a significant difference in be-
havior of the “placebo” and “PEA” pretreatment existed.

Results
Descriptive statistical analysis

The results of the statistical analyses are reported in
Table 1.

These data will be better understood by following the
statistical path by which they were compared.

Figure 1 shows the results of the statistical comparisons,
given by the t-test, of the average presurgery IOPt-1 and IOPt0
values in the “placebo” and “PEA” pretreatments: univaried
comparative statistical analysis by Student’s t-test. From the
nonsignificance of the statistical comparisons, it can be clearly
deduced that there has not been any remarkable effect of
“placebo” or “PEA” pretreatment on the presurgical IOP.

Figure 2 synoptically reports the results of the univariate
statistical comparison analysis by ANOVA /Tukey’s test of
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TABLE 1. INTRAOCULAR PRESSURE VALUES (MMHG) MEASURED AT DIFFERENT MOMENTS (7-1, 10, 71, 12, 13)
IN THE PRESENCE OF “PLACEBO” AND “PEA” PRETREATMENTS
IOP (mmHg)?
Pretreatment t—1 t0 t1 t2 t3
Placebo 16,133+1,246 16,200+1,014 19,667 +£1,952 21,600+2,694 22,600+2,720
PEA 16,600+3,158 15,000+2,752 14,933+2,789 15,467 +2,416 15,600+2,324

“Values are expressed as means *standard deviation.
IOP, intraocular pressure; PEA, palmitoylethanolamide.

the postsurgery IOPtl, IOPt2, and IOPt3 average values
versus presurgery IOPt0.

From the significance of the comparisons of each pre-
treatment, it is evident that the postsurgical behavior of IOP
has a different trend in those patients pretreated with “pla-
cebo” or “PEA.”

In the “placebo” pretreatment, the IOP shows a significant
postsurgical rise, which culminates at t3, but is already
manifested from t1. In “PEA” pretreatment, instead, no sig-
nificant postsurgical IOP rise was noticed.

From Table 1, it can be deduced that in the “placebo”
treatment the postsurgical IOP reached, at its maximum in
t3, an average value of 22.60+2.72 mmHg, compared with a
starting value of 16.13+1.25 mmHg, showing an average rise
of 6.47+1.47mmHg. On the contrary, in the “PEA” pre-
treatment, postsurgical IOP reached, at its maximum in 3, an
average value of 15.60+2.32 mmHg, compared with a start-
ing value of 16.60+3.16 mmHg, showing an average de-
crease of 1+0.83 mmHg. Univaried comparative statistical
analysis was done by comparing the average values of the
postsurgical IOP in patients treated with “PEA” compared
with those of the “placebo” pretreatments.

Figure 3 reports the postsurgical IOP trend in the “place-
bo” and “PEA” pretreatments. From the slope of the perti-
nent regression lines, it can be noticed how these lines splay
noticeably, the former showing a progressive rise and the
latter substantially remaining on the starting level.

Table 2 reports the results of the parallel test confronting
the intercepts (1) and the slopes (inclinations b) of the regres-
sion lines expressed by the following equation: Y=a + b*X,
where Y'=IOP is the dependent variable and X =measurement
time (t0, t1, 12, t3) is the independent variable.
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FIG. 1. Bar chart showing the statistical comparison by
t-test of the average presurgery IOP values (mmHg), mea-
sured at the moments t-1 and t0, in the “placebo” and “PEA”
pretreatments. NS, nonstatistically significant difference;
IOP, intraocular pressure; PEA, palmitoylethanolamide.

From the significance of the f values of all of the regression
curves, it can be clearly deduced that a significant positive
trend of the IOP values, related to the postsurgical moments
t1, t2, and 13, is present only in the “placebo” pretreatment.

From the significance of t in the statistical comparison
between the intercepts (1) of the 2 regression lines, it is de-
duced that there is no significant difference in the presurgical
IOP (t0) of the “placebo” and “PEA” pretreatments.

From the significance of t in the statistical comparison
between the slopes (b), the difference in trend of the post-
surgical IOP in the “placebo” and “PEA” pretreatments is
evident. This different trend is due to the fact that with a
“placebo” pretreatment the postsurgical IOP shows a pro-
gressive rise, which is not found in a “PEA” pretreatment. To
ascertain this statement, Fig. 4 shows the comparison, by
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FIG. 2. Bar charts representing the univariate statistical
comparison analysis by analysis of variance/Tukey’s test
among the postsurgical IOP average values (at t1, {2, and 3)
and the presurgical IOP (t0).
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FIG. 3. Graphic representation of the regression lines re-
lated to postsurgical IOP trend in the “placebo” (filled
circles) and “PEA” (open circles) pretreatments. The former
shows a progressive rise and the latter substantially remains
on the starting level.

t-test, of the postsurgical IOP values in both the “placebo”
and “PEA” pretreatments.

From the significance of the statistical time-qualified
comparisons it is deduced that, in every postsurgical mo-
ment, the IOP of the “placebo” pretreatment is significantly
higher than that of the “PEA” pretreatment. It confirms that
there is no trend in the postsurgical IOP with a “PEA” pre-
treatment, because the IOP is not subjected to a rise in the
different postiridotomy times, as, instead, happens for IOP in
a “placebo” pretreatment.

Discussion

The objective of this study was to ascertain whether PEA
could block the IOP rise in patients who had to undergo an

TaBLE 2. CoMPARISON BETWEEN TwO REGRESSION LINES
BY PARALLEL TEST CONFRONTING THE INTERCEPTS (A)
AND THE SLOPES (INCLINATIONS B)

Line 1 Line 2
Placebo PEA
Assessments pretreatment pretreatment
Intercept (a) 13.25 14.41
ES intercept 1.62 0.32
Slope () 2.41 0.24
ES slope 0.59 0.09
Correlation coefficient (r) 0.94 0.89
T 4.07 2.71
p >0.050° 0.110

Comparison between t=0.70, P=0.520
the intercepts (a):
Comparison between

the slopes (b):

t=3.63, P=0.022°

From the significance of ¢ in the statistical comparison between the
intercepts (a) of the 2 regression lines, it is deduced that there is no
significant difference in the presurgical IOP (t0) of the “placebo” and
“PEA” pretreatments. From the significance of t in the statistical
comparison between the slopes (b), the difference in trend of the
postsurgical IOP with a progressive rise in “placebo” pretreatment is
evident, which is not found in the “PEA” pretreatment.

*Statistically significant.
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FIG. 4. Graphic representation of the regression lines re-
lated to the “placebo” and “PEA” pretreatments (up). Sta-
tistical time-qualified comparison between the 2 regression
lines (down); *statistically significant.

iridotomy for the prevention of primary closed-angle glau-
coma. It is well known that the Visulas YAG III laser, used in
the present study to perform the iridotomy, acts with a
photomechanical effect rather than with a photothermal one.
The electric fields produced are comparable to the ionization
energy of molecules and a high free electron density is
generated within the area. For this reason the electrical fields
cause a breakdown in the material, with the formation of
microplasma. The shockwave associated with the rapid ex-
pansion of the microplasma creates a mechanical break in
these regions in which the pressure rise is greater than the
tissue force of cohesion. It is therefore believed that the
Nd:YAG laser might induce an oxidative stress condition
and thus the formation of free oxygen radicals as reactive
oxygen species (ROS). Later, these radicals might, directly or
indirectly, disrupt the integrity of the blood-ocular barrier.
Directly, the ROS might cause the lipid peroxidation of the
cell membrane and this would subsequently damage the
membranes themselves. Indirectly, it may be due to the ac-
tivation of the metalloproteinases, which wear out the ex-
tracellular matrix with loss of the tight junction proteins.*~>?
As for the hypertonic effects following trabeculoplasty,
iridotomy, or capsulotomy, their mechanisms are not yet
very well known. It is thought that the rise in IOP could be
due to a direct or indirect shock in the uvea, causing pros-
taglandin (PG) synthesis, which breaks down the blood-
ophthalmic barrier (blood-aqueous), causing myosis and an
IOP rise.™ It is known that the trabecular meshwork cells
are capable of synthesizing PG, thus influencing the resis-
tance to the out flow of aqueous humor.>**” On the basis of
the theory of the inflammatory state as the main cause of the
acute postsurgery IOP elevation, several anti-inflammatory
drugs have been unsuccessfully used, for instance, cortico-
steroids'® and nonsteroidal anti-inflammatory drugs.'*'?
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The maintenance of normal IOP after Nd:YAG laser ir-
idotomy treatment because of the PEA could be explained by
the fact that PEA is able to preserve the blood-ophthalmic
barrier, carrying out an anti-inflammatory action that is
probably mediated by a new class of nuclear receptors per-
oxime proliferator-activated receptors-alpha (PPAR-u).%%*

Some experiments have demonstrated the outstanding role
of PPAR-a in controlling inflammatory responses. These
studies have also shown that they are expressed on the surface
of different cells within the immune system.*® The tissue dis-
tribution of PPAR-o receptors in humans is in skeletal muscle,
liver, heart, and kidney. On the contrary, a much lower con-
centration of these receptors can be found at the cerebral and
pulmonary levels, although a higher concentration of these
receptors at the central level has been found in recent studies.*

Research has shown that mice missing the gene codifying
for PPAR-o had a prolonged inflammatory response.*' Syn-
thetic agonists of these receptors could cause anti-inflam-
matory effects in mice having, instead, the ppar-o gene.39’42

It has been observed that the anti-inflammatory effects are
accompanied by a reduction in the expression of the induc-
ible nitric oxide synthase, inducible cyclooxygenase, and
several anti-inflammatory cytokines, such as interleukin-18
(IL-1B), PG (prostaglandin) E,, and tumor necrosis factor o.
This suggests a nuclear mechanism very similar to anti-
inflammatory steroid drugs.*’

Further, Poynter and Daynes** reported a decrease in IL-6
and PG, mediated by the reduction of the nuclear factor
(NF)-kp. PPAR-a agonists are probably able to increase the
expression of the NF-«f inhibitor (Ixpo), which blocks the
activity of NF-kp, thus inhibiting the production of proin-
flammatory molecules.*” These results indicate that PEA can
exert its anti-inflammatory action through its bond to PPAR-
o receptors, thus acting as an agonist. Several studies, how-
ever, have shown that PEA can quickly reduce acute in-
flammation, suggesting also the existence of a nonnuclear
mechanism of action.””*** Lo Verme et al®’ state “Al-
though the precise mechanism of PPAR-o anti-inflammation
is unclear, the receptor has been linked to a non-genomic
inhibition of the proinflammatory signaling pathways me-
diated by NF-«P and activated protein-1. Thus, multiple lines
of evidence suggest that PPAR-o receptors and their ligands
are important modulators of the inflammatory process.”

Whatever the pharmacological mechanism, the results of
our study and the data from literature suggest the use of
PEA as a drug capable of regulating the acute inflammatory
processes in the eye, at least after a Nd:YAG laser iridotomy.
In addition, the local action of this drug may yield benefits in
cases of ocular inflammation, because the PEA is devoid of
central nervous system side effects.**”"

Unfortunately, the mechanism by which PEA acts remains
unknown and some authors hypothesize that the selective
PPAR-o. agonist WY-14643, at high concentrations, may be
proinflammatory and proangiogenic in a variety of human
ocular cells. Therefore, they state that therapeutic applications of
such agents in ophthalmology may be limited, but the authors
conclude that additional studies are needed to further explore
this issue, including using other selective PPAR-o agonistis.”"

Nowadays, in most branches of medicine, the current
thinking is to use the “disease-oriented” approach. This af-
fects the actual or potential mechanisms of endogenous
control depending on the disease and PEA assumes a special
importance for its full potential, which is still under study.

5

We are going to continue our studies with this drug to
determine whether its beneficial effects may be similar to
those obtained at a lower dosage and administration for a
shorter time of only a few days, because it can have both a
genomic and nongenomic mechanism of action.***¢*
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