




occurred during the investigation period in the control group
(data not shown). None of the subjects reported side effects,
and drop outs did not occur during the trial.

DISCUSSION
Our objective was to identify a suitable intervention with the
potential for protection against developing glaucoma. The
major variable risk factor for developing glaucoma is an
elevated IOP; therefore, this parameter was singled out as a
suitable target for improvement by nutritional means. IOP is
regulated by the balance between the secretion and drainage
of aqueous humor. The biomechanical parameters and fluid
hydrodynamics of the aqueous outflow pathways are complex
and not fully  understood  [14]. This  is  due  to  the technical
challenges of the unique ocular anatomy with minute amounts
of tissue available for study and the difficulties in studying
these tissues in vivo. The exact site and nature of a resistance
of the outflow system is uncertain.

Many classes of drugs are currently used for lowering
IOP in patients with POAG. Mostly applied as eye drops they
may reduce the production of aqueous such as in the case of

Figure 1. The development of intraocular pressure in subjects treated
with Mirtogenol®. The asterisk indicates statistical significant
difference to the baseline as well as control (p<0.05).

beta blockers, alpha-adrenergic agents, and carbonic
anhydrase inhibitors. The widely used prostaglandin analogs
(e.g., “latanoprost”) increase uveoscleral outflow probably by
rendering capillaries more absorptive as a result of stimulated
matrix metalloproteinase secretion. Inflammatory
manifestations in human conjunctiva were described for the
long-term use of prostaglandin analogs [15]. Interestingly, the
exact method of action of the commonly applied beta-blocker,
timolol, remains unknown. Timolol appears to not
significantly alter the blood aqueous barrier as shown with
fluorescence angiography [16]. Essentially, all these eye
drops for intraocular hypertension are known to cause
considerable local and systemic side effects [17].

We speculate that a vascular function could play a
significant role in the pathomechanisms underlying high IOP.
There are observations suggesting an involvement of an
impaired vascular response for an increased IOP [18]. The
well known increase of IOP in the supine position is more
pronounced and develops faster in aging healthy people than
in young healthy people, suggesting less resistance to
hydrostatic pressure with older age [19]. This is expected to
result from an increased aqueous release from the ciliary body.
Pharmacologic studies have previously described that
Mirtoselect® counteracts the hyperpermeability of ciliary
capillaries, initiated by paracentesis, as measured by the
Evans Blue concentration in the aqueous humor [20].
Furthermore, as recently reviewed, anthocyanosides
contained in the standardized bilberry extract are the only
flavonoids able to reach the eye as a target organ in
experimental animals. Unchanged anthocyanosides
demonstrated after oral administration that it is absorbed and
distributed into ocular tissues, showing its ability to pass
through the blood-aqueous and blood retinal barriers [21].

Mirtoselect® as a consequence has been suggested to be
useful as a therapeutic application for ophthalmic problems
involving the altered blood-aqueous barriers [22].

TABLE 1. COLOR DOPPLER VELOCITY MEASUREMENTS OF OCULAR ARTERIES IN RESPONSE TO MIRTOGENOL®.

Baseline 2 months 3 months 6 months
compared to baseline

Central retinal artery systolic 100% +13% +21% +20%
diastolic 23% +34% +39% +38%

Ophthalmic artery systolic 100% +22% +22% +23%
diastolic 15% +19% +25% +25%

Posterior ciliary artery systolic 100% +22% +21% +22%
diastolic 14% +24% +24% +23%

The mean systolic component of subjects at the baseline before treatment is set to 100% for comparison with the diastolic
component as well as subsequent systolic values found after two, three, and six months of treatment with Mirtogenol®. The
increased arterial flow velocity was statistically significant after three and six months compared to the baseline as well as the
control group values (p<0.05). In the case of controls, no alterations of flow velocity were found (data not shown).
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In retinopathy patients, treatment with Mirtoselect® had
a significant reduction of retinal micro-hemorrhages, and a
regression of localized retinal edema was found using fundus
fluorescence angiography [23]. The effect of bilberry extract
on the ocular micro-circulation was investigated in
exploratory studies using electroretinography in patients with
myopia and glaucoma [24]. Pycnogenol® likewise was shown
to improve pathologic permeability of blood vessels [25] and
has been extensively studied for enhancing capillary
resistance and integrity in retinopathy [9].

There is increasing evidence of the contractile activities
of the trabecular meshwork, which allows for regulatory
mechanisms controlling fluid outflow. Trabecular meshwork
cells exhibit smooth muscle-like contractile properties, which
respond to the vasoconstrictory peptide, endothelin-1 [26].
Endothelin-1 has been identified in elevated quantities in the
aqueous humor of patients with POAG. Furthermore, there is
experimental evidence for endothelial nitric oxide being
involved in the regulation of ocular vascular tone. In healthy
volunteers, infusion of nitric synthase inhibitor N-
monomethyl-L-arginine (L-NMMA) significantly reduced
pulsatile choroidal and total choroidal blood flow [27].
Pycnogenol® has previously been shown to significantly
enhance the generation of endothelial nitric oxide in healthy
humans [28]. Pycnogenol® has also been found to
significantly lower plasma endothelin-1 in patients with type
II diabetes [29]. Mirtoselect® bilberry extract was found to
stimulate arteriolar vasomotion in preclinical tests [30]. In our
study, we were indeed able to demonstrate an improved blood
flow velocity of patient’s ophthalmic artery, central retinal
artery, and posterior ciliary arteries with Mirtogenol®.

It is not known whether Mirtogenol® affects outflow
pathways or aqueous humor inflow or both. This will remain
very difficult to identify. Methods such as the “water-drinking
test,” which involves a significant IOP increase subsequent to
drinking large quantities of water, might offer some insight.
It was suggested that medications, which predominantly
enhance outflow such as prostaglandin analogs, provide better
IOP stabilization in such experiments [31].

Our study is the first demonstration showing that dietary
intervention can help to control IOP and increase ocular blood
flow in asymptomatic subjects and if taken in time, may
prevent an evolution to higher pressure and symptomatic
glaucoma. The safety of Mirtogenol is warranted as its
components Mirtoselect and Pycnogenol are used as dietary
supplements since decades without serious side effects. A
clinical trial with a larger number of subjects should further
assess the benefits of Mirtogenol for controlling IOP.

ACKNOWLEDGMENTS
This study was supported by a grant from Indena S.p.A. Italy
and Horphag Research UK Ltd.

REFERENCES
1. Rosenthal BP. Ophthalmology: Screening and treatment of age-

related and pathologic vision changes. Geriatrics 2001;
56:27-31. [PMID: 11766560]

2. Weinreb RN, Khaw PT. Primary open-angle glaucoma. Lancet
2004; 363:1711-20. [PMID: 15158634]

3. Christen WG, Liu S, Glynn RJ, Gaziano JM, Buring JE. Dietary
carotenoids, vitamins C and E, and risk of cataract in women:
a prospective study. Arch Ophthalmol 2008; 126:102-29.
[PMID: 18195226]

4. Coleman H, Chew E. Nutritional supplementation in age-
related macular degeneration. Curr Opin Ophthalmol 2007;
18:220-3. [PMID: 17435429]

5. Hodge WG, Schachter HM, Barnes D, Pan Y, Lowcock EC,
Zhang L, Sampson M, Morrison A, Tran K, Miguelez M,
Lewin G. Efficacy of omega-3 fatty acids in preventing age-
related macular degeneration: a systematic review.
Ophthalmology 2006; 113:1165-72. [PMID: 16815401]

6. Wilkinson-Berka JL, Miller AG. Update on the treatment of
diabetic retinopathy. ScientificWorldJournal 2008;
8:98-120. [PMID: 18264628]

7. Perossini M, Guidi G, Chiellini S, Siravo D. Diabetic and
hypertensive retinopathy therapy with Vaccinium myrtillus
anthocyanosides (Tegens). A double blind placebo-controlled
clinical trial. Ann Ottalmol Clin Ocul 1987; 113:1173-90.

8. Repossi P, Malagola R, De Cadilhac C. The role of
anthocyanosides on vascular permeability in diabetic
retinopathy. Ann Ottalmol Clin Ocul 1987; 113:357-61.

9. Schönlau F, Rohdewald P. Pycnogenol for diabetic retinopathy.
A review. Int Ophthalmol 2002; 24:161-71.

10. Kang JH, Pasquale LR, Willett W, Rosner B, Egan KM,
Faberowski N, Hankinson SE. Antioxidant intake and
primary open-angle glaucoma: a prospective study. Am J
Epidemiol 2003; 158:337-46. [PMID: 12915499]

11. Coleman AL, Stone KL, Kodjebacheva G, Yu F, Pedula KL,
Ensrud KE, Cauley JA, Hochberg MC, Topouzis F, Badala F,
Mangione CM. Study of osteoporotic fractures research
group. Glaucoma Risk and the Consumption of Fruits and
Vegetables Among Older Women in the Study of
Osteoporotic Fractures. Am J Ophthalmol 2008;
145:1081-9. [PMID: 18355790]

12. Kass MA, Heuer DK, Higginbotham EJ, Johnson CA, Keltner
JL, Miller JP, Parrish RK 2nd, Wilson MR, Gordon MO. The
Ocular Hypertension Treatment Study: a randomized trial
determines that topical ocular hypotensive medication delays
or prevents the onset of primary open-angle glaucoma. Arch
Ophthalmol 2002; 120:701-13. [PMID: 12049574]

13. Steigerwalt RD Jr, Laurora G, Belcaro GV, Cesarone MR, De
Sanctis MT, Incandela L, Minicucci R. Ocular and retrobulbar
blood flow in ocular hypertensives treated with topical
timolol, betaxolol and carteolol. J Ocul Pharmacol Ther 2001;
17:537-44. [PMID: 11777177]

14. Allingham RR, Shields MB. Shields' textbook of glaucoma. 5th
ed. Philadelphia: Lippincott Williams & Wilkins; 2005.

15. Baudouin C, Liang H, Hamard P, Riancho L, Creuzot-Garcher
C, Warnet JM, Brignole-Baudouin F. The ocular surface of
glaucoma patients treated over the long term expresses
inflammatory markers related to both T-helper 1 and T-helper

Molecular Vision 2008; 14:1288-1292 <http://www.molvis.org/molvis/v14/a153> © 2008 Molecular Vision

1291

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11766560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15158634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18195226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18195226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17435429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16815401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18264628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12915499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18355790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12049574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11777177
http://www.molvis.org/molvis/v14/a153


2 pathways. Ophthalmology 2008; 115:109-15. [PMID:
17532048]

16. Airaksinen PJ, Alanko HI. Vascular effects of timolol and
pilocarpine in the iris. A simultaneous bilateral fluorescein
angiographic study. Acta Ophthalmol (Copenh) 1983;
61:195-205. [PMID: 6880633]

17. Diggory P, Diggory P, Franks WA. Glaucoma therapy may take
your breath away. Age Ageing 1997; 26:63-7. [PMID:
9177660]

18. Tsai JC. Influencing ocular blood flow in glaucoma patients:
the cardiovascular system and healthy lifestyle choices. Can
J Ophthalmol 2008; 43:347-50. [PMID: 18443608]

19. Liu JH, Kripke DF, Twa MD, Hoffman RE, Mansberger SL,
Rex KM, Girkin CA, Weinreb RN. Twenty-four-hour pattern
of intraocular pressure in the aging population. Invest
Ophthalmol Vis Sci 1999; 40:2912-7. [PMID: 10549652]

20. Virno M, Pecori Giraldi J, Auriemma L. Antocianosidi di
mirtillo e permeabilità dei vasi del corpo ciliare. Boll Ocul
1986; 65:789-95.

21. Galvano F, La Fauci L, Vitaglione P, Fogliano V, Vanella L,
Felgines C. Bioavailability, antioxidant and biological
properties of the natural free-radical scavengers cyanidin and
related glycosides. Ann Ist Super Sanita 2007; 43:382-93.
[PMID: 18209272]

22. Morazzoni P, Bombardelli E. Vaccinium myrtillus L.
Fitoterapia 1996; 67:3-29.

23. Orsucci PL, Rossi M, Sabbatini G, Menci S, Berni M.
Trattamento della retinopatia diabetica con antocianosidi.
Indagine preliminare. Clin Ocul 1983; 4:77-81.

24. Caselli L. Clinic, electroretinographic trial on the action of
anthocyanosides. Arch Med Interna 1985; 37:29-35.

25. Rohdewald P. A review of the French maritime pine bark extract
(Pycnogenol®), a herbal medication with a diverse

pharmacology. Int J Clin Pharmacol Ther 2002; 40:158-68.
[PMID: 11996210]

26. Cellini M, Versura P, Zamparini E, Bendo E, Campos EC.
Effects of endothelin-1 and flunarizine on human trabecular
meshwork cell contraction. Exp Biol Med (Maywood) 2006;
231:1081-4. [PMID: 16741053]

27. Schmetterer L, Krejcy K, Kastner J, Wolzt M, Gouya G, Findl
O, Lexer F, Breiteneder H, Fercher AF, Eichler HG. The
effect of systemic nitric oxide-synthase inhibition on ocular
fundus pulsations in man. Exp Eye Res 1997; 64:305-12.
[PMID: 9196381]

28. Nishioka K, Hidaka T, Nakamura S, Umemura T, Jitsuiki D,
Soga J, Goto C, Chayama K, Yoshizumi M, Higashi Y.
Pycnogenol, French maritime pine bark extract, augments
endothelium-dependent vasodilation in humans. Hypertens
Res 2007; 30:775-80. [PMID: 18037769]

29. Liu X, Wei J, Tan F, Zhou S, Würthwein G, Rohdewald P.
Antidiabetic Effect of Pycnogenol® French Maritime Pine
Bark Extract in patients with diabetes type II. Life Sci 2004;
75:2505-13. [PMID: 15363656]

30. Colantuoni A, Bertuglia S, Magistretti MJ, Donato L. Effects
of Vaccinium Myrtillus anthocyanosides on arterial
vasomotion. Arzneimittelforschung 1991; 41:905-9. [PMID:
1796918]

31. Vetrugno M, Sisto D, Trabucco T, Balducci F, Delle Noci N,
Sborgia C. Water-drinking test in patients with primary open-
angle glaucoma while treated with different topical
medications. J Ocul Pharmacol Ther 2005; 21:250-7. [PMID:
15969643]

Molecular Vision 2008; 14:1288-1292 <http://www.molvis.org/molvis/v14/a153> © 2008 Molecular Vision

The print version of this article was created on 7 July 2008. This reflects all typographical corrections and errata to the article
through that date. Details of any changes may be found in the online version of the article.

1292

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17532048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17532048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6880633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9177660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9177660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18443608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10549652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18209272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18209272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11996210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11996210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16741053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9196381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9196381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18037769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15363656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=1796918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=1796918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15969643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15969643
http://www.molvis.org/molvis/v14/a153

