Ocular Hypotensive Effect of Oral
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Purrost. To investigate the effect of oral paimitoyl-ethanol-
amide (PEA) on intraocular pressure (IOP) in primary open
angle glavcoma (POAG) and ocular hypertension (OH).

MerdoDs. In a prospective, randomized, double-blind, cross.
over clinical trial, 42 patients with POAG or OH who were
treated with timolel 0.5% and whose LOP was between 19 and
24 mm Hg received oral PEA (300-mg tablets twice a day) or
placebo (PEA vehicle tablets twice a day) for 2 months (period
1}, and, after a 2-month washout, received the other treatment

for 1 month (period 2), 10P, best-corrected visual acuity, and

visual field parameters were considered.

ResuLts, After PEA treatment (mean baseline 109, 216 + 1.7
mm Hg), IOP was reduced by 3.2 = 1.3 mm Hg at 1 month and
by 3.5 = 1.2 mm Hg (15.9% * 5.1%) at 2 months (ANOVA, P <
0.001; both Tukey-Kramer, P << 0.01 vs, bascling); after pla-
cebo (mean baseline 0P, 21.5 = 1.5 mm Hg), I0P was re-
duced by 0.4 £ 1.2 mm Hg at ! month and by 0.3 * 1.3 mm
Hg at 2 months (-test ac both time points, P << 0,001 vs, PEA),
No statistically significant vital signs, visual field, visual acuity
changes, or adverse eveats were detected in either group.

ConcLusions. Systemic administration of PEA reduces [OP in
patients with glaucoma and oculae hypertension. PEA could be
a valuable tool for the treatment of glavcoma Chttpi//
www.umin.ac.jp/cte/index/htm  number, UMINGO0002833).
(Inwvest Opbibalmol Vis Sei. 2011;52:6096-6100) DOL10.1167/
iovs. 10-7057

laucoma is the second most prevalent cause of blindness

worldwide." Although several factors are involved in the
pathogenesis of glaucoma, the main therapeutic strategy is
actually bascd on inteaocular pressure (10P) reduction,

In 1971, Helper and Frank® reported that smoking mari-
juana reduced 10P in human volunteers, with an apparent
dose-response relationship.? Marijuana is a complex pharma-
cologic mixture contiining 420 natural products; some of
them, known as cannabinoids,? have several pharmacologic
actions that affect the cardiovascular and central neevous sys-
tems (with psychotropic effects) and cause I0P reduction.”®
Systemic and topical administration of several canmabinoids
and cannabinoid derivatives lowered I0P in normal and glan-
comatous eyes. 61!
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A cannabinoid system composed of several receptors and of
endogenous cannabinoids, including anandamide (AEA) and
Zarachidonylglycerol (2-AG),'*'* has been identified in the
brain, the peripheral tissue, and the eye.""'® Two principal
cannabinold receptors have been described (CBI, which is
predominant in neurons, and CB2, which is localized In im-
mune celts and peripheral tissue cells).’ AEBA, the most inves-
tigated endocannabinold, acts as a partial CB1 agonist and a
weak CB2 agonist and activates vanilloid type 1 recep-
tor.'>?%"22 In vivo, AEA has s short duration of action: it is
transported o cells by & carrier-mediated uptake mechanism,
and it is hydrolyzed by the enzyme Fatty acid amide hydrolase
(RAAH).

I'almitoyl-ethanolamide (PEA) is an endogenous congener
of AEA that is cosynthesized with AEA by most cell types; PEA
does not bind to CB1 or CB2 receptors,?™ 22 but it is a com-
peting substrate with AEA for the FAAH active site, and it has
been hypothesized to increase or prolong the effect of
AEA®* % (entourage cffecty®” without the systemic side effects
of cannabinoids.

PEA is synthesized during inflammation and tissue damage,
and it shares with AEA anti-inflammarory, analgesic, and anti-
oxidant properties, PEA is 2 component of the tissue-protective
mechanisms acting through the downreguliation of mediator
release from mast cells. It prevents mast cell degranulation,
through an autocoid focal injury antagonism mechanism?; the
anti-inflammatory effect is mediated by the action on mast cells
and by its binding to peroxisome prolifecator-activated recep-
tor alpha.®” Tt is aiso a ligand for the erphan GPR55 receptor.™
The relief of neuropathic pain could be mediated through
action on receptors located on the nociceptive pathway and on
mast cells,*

n the human eye, CB1 receptors were found in trabecular
meshwork (I'M) and Schlemm canal cells.”™** Recently, CB2
receptors were demonstrated in porcine T™ cells in cuiture.®?

AEA and the CB1- and CB2-selective agonists enhance aque-
ous humor outflow through the conventional pathwvay and
significantly decrease 10 in rabbits, primates, and humans
after topical application.*' * Conversely, the CB1 antagonist
clevated 10P.¥ BAAH was found in the 'TM tissues; inhibitors of
FAAH, by prolonging the effect of ABA, reduce 0P

In rabbits, instillation of 31.25 pg ABA caused an immediate
reduction in I0P; AEA doses of 62,5 pg caused initial increases
and subsequent decreases in IOP in the treated eyes,™ The
maximum 10P reduction ocourred at 2 houss, and IOP re-
turned 10 baseline values by 7 hours afier administration.?!
Activation of CB1 and CB2 receptors was found to affect TM
cell migration, morphology, conteactility, actin cytoskeletal
architecture, and focal adhesion formation.™ However, topical
administration of PEA had no effect on 10P,"

AEA and PEA were found in many human ocular tissues;
decreased 2-AG and PEA levels were detected in the ciliary
bedy of glaucomatous eyes,*® but levels of PEA were not
examined in the trabecutr meshwork.
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PEA has been used at a dosage of GOD to 1200 mg/d in
patients with chronic pain (entrapment ncuropathy of the
median in the wrist,** chronic pelvic pain of pudendal neural-
gia)"s or associated with other compounds in endometsiosis, ¢

In the present study, we investigated the effect of systemic
administration of PEA (Visimast, 300 mg; Medivis s.r.L, Catania,
Italy) on IOF in patients with ocular hypertension and primary
open glaucoma {(POAG). Secondary outcomes of the study
inchucted visual acuity, visual field, vital sign, and psychotropic
effects.

Parients, MATERIALS, AND METHODS

Patients

Forty-two patients were cnrofted in a praspective, randomized, double-
blind, crossover clinical triad held between November 2008 and August
2009 at the Institute of Ophthatmology of the University of Catania,
ftatly. This phase 1V trial Is registered at huip://www.uminac,jp/cte/.

‘The protocol and the consent forins were approved by the Institu-
tional Review Board. The study was performed in accordance with
good clinical practice guidelines and adhered to the tenets of the
Declaration of Helslnki. All participants provided written informed
consent alter laving received an explanation of the nature and possible
consequences of the study,

All study patients (18 years and older) were affected by POAG or
ocular hypertension and were treated in both eyes with timolot 0.5%
eyedrops twice daily from at least 3 months; all had [OP ranging
between 19 and 24 mm Hg. Other treatments were not allowed. All
patients were able to perform a reliable visual field (a minimum of 3
tests); OH patients had normal visual fields, and POAG patients had
ronadvanced glaucomatons visual field defects (MI3, 6-12 dB) nenpro-
gressive for at least 1 year (with at least two visual field examinations
during this year); the ¢/} ratio was lower than 0.6.

Exclusion critesia were need for glaucoma surgical or laser therapy,
ocular surgery in the previous year, no tolerabitity to product under
evaluation, visual acuity <8/1¢ with refractive error >3 diopiers,
pupillary Jlameter <2.5 mm, corcomitant systenic ar ocular pathol-
ogles, pregnancy or lactation, vasoactive systemic therapies (Ca- antag-
onists, orat f-btocker, others), and current tobacce smoker.

Study Design

In this study, 42 patients were randomly assigned to two ditferent
groups, (21 cach); the first group (group A) received PEA at « dose of
300 mg orally twice dally, and the second group (group B) received
placebo ablets (PEA vehicle) for 2 months (peciod 1.

After 1 -month washout, in the second peried of the study, the
patients in group A received the placebo treatment and those in group
B received PEA wreatment, both for 2 months (period 2). Patients and
investigators were masked (o the treatment assigned. Placebo tables
were identical in appearance to the PEA tablets. Study pantmelters were
evaluated at the first, second, thicd, fourth, and fifth menths of treat-
ment.

PEA was adininistered afier the morming and evening meals; timolol
0.5% eyedrops had to be instilled at 7 AM and 7 PM In both eyes; IOP
was measured at the defined time (* 10 minutes) in both eyes; one cye
randomly chosen was considered for the analysis.

Interventions

At baseline and at the following examinations, these parameters wWere
evaluated: best-corrected visual aculty, anterlor and posterior segment
findings (by blomicroscopy and binocular indirect ophthaimoscopy in
mydiasis), evaluation of vertical and horizontal cup-disc ratio, and JOP.

Central corneal thickness measurement and visual ficld tests were
performed at the beglnning and at the end of the two periods of the
study, JOP wus measured in both eyes by Goldmann applanation
tonometry {(the means of three consecutive readings) with the patient
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in a siting position at the stit lamp four times 1 day (8 any, 12 pm, 4 pm,
and 7 pmy (10 minutes). The mean clrcadian FOP was the mean of
the four measurements.

Visual ficld was tested by automatic computerized perimetry (24-2
SITA standard test, Humphrey Visuab Fleld Analyzer M Carl Zclss
Meditee, Inc., Dublin, CA), mean defect (M) and pattern S0 (PSD)
were considered. During the study, both cyes were examined; for
statistical analysis, one eye was chosen mndomly at the beginning of
the study.

Patients were asked to complete an adverse events and mood
disorder questionnaire (MDQ)* for each evalvation period to monitor
adverse evenis, Including irritability, anxiety, sleeping disorders, and
mood disorders. it Is a brief, selFreport screening instrument that can
be used to identfy patients most Likely to have bipolar disorder. This
form was collected at each visit, and additional comments regarding
treatment and adverse events were encourged from each subject.

Data were collected by two experienced ophthalmologists (CG,
EO) between November 2008 and August 2009 and were reported at
each visit on an investigator's treatment evialuation form from each
patient.

Statistical Analysis

Baseline characteristics of the patlents in the two groups were com-
pared by ftest. In a nonrindomized open pilot study with PEA in cight
glaucomatous patients, with 3 mean foitow-up of 2 weeks, we found an
10P decrease of 12%. The sample size (at feast 20 eyes for each group)
was determined from the results of our preliminary data to detecy, with
an alpha of 0.05 and a 90% power {two-tailed), a 15% reduction in 10
In each phase, IOP values detected in each group were compared
by repeated-meastiees ANOVA; If significant, muliipte comparisons
were performed by Tukey-Keamer test, [1OP values of two groups at
each time polnt were compared by fest. P <2 0,05 wus conslidered as
statistically significant. Statistical analysis was performed (SPSS, version
13.0; SSPS Inc., Chicago, 1L) from Neurovisual Science Technology.

Resurts

Of the 42 patients enrolled in this trial, 21 received first PEA
and 21 received placebo. All patients conclhuded the study. At
baseline, no significant difference was seen hetween the two
groups in age, sex, best-corrected visual acuity, CCT, vertical
C/D ratio, MD, PSD, or mean circadian 10P value. (Table 1).

PEA treatment reduced 10P significantly (ANOVA, P <
0.001). At baseline, the mean IOP * SD was 21,6 £ 1.7 mm
Hg; at 1 and 2 months, respectively, the mean IOP was
184 * 1.8 mm Hg and 181 * 1.4 mm Hg (both Tukey-
Kramer, P < 0.01 vs. baseline), and the mean 10P reduction
was 3.2 + 1.3 mm Hg (14.7% * 6.1%) and 3.5 * 1.2 mm Hg
(15.9% % 5.1%) (lable 2).

Treatment with placebo did not signiticantly change the
10P (ANOVA, ns) (mean I0OP & SD at baseline, 21.5 = 1.5 mm
Hg). At 1 and 2 months, respectively, the mean 0P was

Tase 1, Bascline Characteristics of Both Groups

Group A Group B P

(= 21) (n =21) (-tesi)
Age, Y 65 * 12 G311 0.038
Sex, male/female 4:17 7:14 —
Best-corrected visual acuity 09 *0.1 09+0.1 079
Central coreal thickness, pm 537 £ 26 542 £ 26 0.550
Yertical C/D ratio 0.4 0.2 0.4 %02 0433

Mean defect, di¥
Pattemn standard deviation
Mean circadian 10P, mm Hg

—5.83 £ 7.08 —0.42 * .87 0.79%0
536 =366 5.54%3.75 0879
21.7 209 216 % L1 0.665

Values are mean % SD,



6098  Gagliano et al.

TOVS, August 2011, Vol. 52, No. 9

Tanie 2. 10" In POAG and OH Patlents Who Received PEA or Placebo

Treatotent 8 AM 12 AM 4 PM 8 PM Mean
PEA
Baseline 217 £ 1.9 217+ 1.6 211 £ 1.9 218+ 15 216+ 1.7
1 mo 18.1 + 1.9 185+ 18 185+ 18 185 £ 1.7 184 + 1.8
2 mo 179 £ 1.5 18.2 + 1.3 1B5% 14 18.0 x 1.5 18.1 £ 1.4
Placebo
Bascline 219+ 1.8 215 1.3 213 £ 1.0 21312 215 X 1.5
i mo 215+ 1.2 21,1 £ 1.6 2i0 X 18 208 1.7 2i.l £ 1.6
2 mo 212+ 1.6 211+ 1.7 204 F 1.4 212 % 22 212247

Values are mean * SD.

21.1 = 1.6 mm Hg andt 21,2 = 1.7 mm Hg, and the mean {OP
reduction was 0.4 * 1.2 mm Hg (1.8% * 55%) and 0.3 £ 1.3
mm Hg (1.2% £ 6.2%).

JOP was significantly lower in PEA-treated subjects than in
placebo-treated subjects at all time points (#test £ < 0.001). No
statlstically significant changes were seen in best-corrected
visual acuity, CCT, vertical C/D ratio, MD, or PSD. No severe
adverse eveats were recorded; adverse events included influ-
enza (two subjects). One subject had dyspepsia that regressed
with regular assumption of the tabtets after meals; no changes
were found in answers on the MDQ questionnaire.

DISCcUssSION

The aim of this study was to invesilgate the effect of oral
administrasion of PEA on 10P. We found an [OP dececise of 3
mm Hg (—~16%) at the 1- and 2-month follow-up visits, which
we considered clinically significant. This value was comparable
to that of several other antiglauconatous drugs, as topical
carbonic anhydease inhibitors, (doszolamide, brinzolamide
17%-20%), c-agonists (brimonidine 18%-25%), and hetaxolol
(20%-23%)."

PEA Is an endogenous congener of ABA, and it is cosynthe-
sized with AEA by most cell types, PEA is present in several
foods as peanut oil, egg yolk, and soybean lecithin,™ and it is
physicloglcally present In the mammalian blood at concentrit-
tions ranging from 9.4 to 16.7 pmol/mL,3"

In humans afier oral administration of one 300 mg tablet,
the plasma concentration doubled after 2 hours and returned
to baseline after 6 houss (data on file; submitted o the Ministey
of Heaith, Italy). In rats, higher PEA concentrations were found
in the adrenal gland after oml administration, but 0.95% of
administered PEA was found in the brain, suggesting that PEA
can penetrate the blood-brain bavrier.”® 1a brain, it was dosed
in particular in the hypothalamus and the pituitary gland.™

Like anandamide, PEA has zmzllgt:slc53 and anti-inflanmma-
tory® activities. Marketed as a medicat food in several Euro-
pean countries, PEA has been used at a dosage of 600/1200
mg/d in chronic pain of entrapment neuropathy of the median
in the wrist,™ in chronlc pelvic pain of pudendal neuraigia,*
or associated with other compounds in endometriosis.™® It was
also used as a topicat application In atopic eczema®® and atopic
dermatitis, ™

Several mechanisms have been ascribed to PEA for analgesic
and anti-inflaimmatory effect, many of them including the effect
on mast cells. 2! Some of the activities of PEA could result
from an increase of cannabinoid tone by an “entourage effect,”
increasing the ceflular levels of AEA through an interference of
AEA enzymatic degradation by FAAH.*”

The effect of PEA on IOP is unclear. AEA and PEA have heen
found in many human ocular tissues. In glaucomitous patients,
decreased 2AG and PEA levels were detected in the ciliary
body, suggesting that both compounds may have a role in this

disease, pacticularly with regard to the regulation of 10P, % PRA
levels were not examined in the trabecular meshwork.,

In rabbits, topical applications of ABA reduced IOP by
enhancing the aqueous humor outflow through the conven-
tional pathway.* 7373 In the human eye, CBI recepiors were
found in trabecular meshwork (I'M) and Schlemm caoal
cells,'®*? Recently, CB2 receptors were demonsirated in por-
cine TM cells in culture,® Activation of CB1 and CB2 receptors
was found to affect TM cell migrtion, morphology, confrac-
tility, actin cytoskeletal architecture, and focal adhesion forma-
ton. ™2

Because PEA has no effect on CB1 or CB2 receptors, the
effect of PEA could be mediated by an entousage effect, leading
to an increase of the cannabinoid tone, Topical administeation
on PEA did not affect I0P in rabbits,*! possibly because of the
very low solubility of oily dissolved PEA in the tears. However,
other factors could be involved; topicat delta 9-tetrahydrocan-
mabinol at 0.05% and 0.1% reduced 10P in laboratory animals
but not ia subjects with POAG.*”

Several aspects must be clarified. The action of PEA may
involve the AEA, but the role of AEA is not completely known.
It has been hypothesized that in the eye, AEA could be synthe-
sized and released “an demancl” in certain physiofogical and
pathologic conditions. In perfused anterjor segment organ cul-
ture, URB597, & sclective inhibitor of the cazyme FAAH, in-
duced an increase of gutilow facility under higher pressure (15
mm Hg) but had no effect under nornxl perfusion pressure
(7.35 mm Hg).” There are no data about PEA levels in ocular
tissue after systemic administration,

This study was performed after the observation of IOP
reduction in patients whe had been treated with PEA for a
possible neuroprotective effect; in a group of gliucomatous
patients, with 4 mean follow-up of 1 month, we found an [OP
decrease of 12%. All patients included were treated with
timolol 0.5% cyedrops twice a day to exclude any possible
source of variation. The dosage and route of administration of
PBA are the same used as those in other studies. A washout
period of 1 month was defined to exclude any possible residual
action on 109,

No specific side effects have been reported with PEA, and
no conteaindications have been defined. We excluded patients
with concomitant systemic or ocular pathologies, pregnancy
or lactation, or vasoactive systemic theraples (Ca- antagonists,
oral B-hlocker, others) and those who were current tobacco
smokers. We detected few and nonspecific adverse events;
however, the safety assessment of 8 drug requires a large serics
and a long follow-up,

We did not found significant changes in systemic blood
pressure; cannabinoids reduce bloed pressure, with an effect
particularly involving CB1 receptars.®® The lack of effect of
PEA on CB1 and CB2 receptors could explain our findings and
coutd also expliin the absence of significant psychotropic
cffects after 2 months of treatment. We used MDQ for evalu-
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ating this aspect, but further studies with more sensitive tests
should evaluate PEA effects, also after long-term treatment. In
addition, longer studies with & wider series are required to fully
elucidate the effect of PEA on 10P. This study has the limitation
of a small number of patieats treated and a short period of
treatment,

in conclusion, systemic administration of PEA reduces 10P
in patients with glaucoma and ocutar hypertension; mild ad-
verse events were recorded. The decrease in I0P was 16% of
bascline 10P, not much diffecent from that of some oculir
hypotensive drugs currently used (topical CAL alpha agonisis),
‘Fhis suggests that PEA, a drug of a class that has been proposed
for the treatment of glaucoma but that is not used because of
concerns about side effects, ™ could be a valuable tool in the
trearment of such disease.
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