Effects of Gingko biloba on Systemic and Retinal Blood Circulation
By
Durpri Lin, BS
Thesis
In partial satisfaction of the requirements for the degree of
Master of Science in Vision Science
State University of New York
College of Optometry

APRIL, 2023

Approved by Dissertation Commi

Alexandra Benavente-Perez

Date: 02May2023

[

Suresh Viswanathan W&/’

Xiaoying Zhu 5()\1&;{/\,\/

Date: 05/1/2023

Date: 01May2023

=

Stewart Bloomfield, PhD
Associate Dean, Graduate Studies & Research



02May2023


Table of Contents

ADSIIACT. .. . 2
INEFOTUCTION. ... 3
MEBENOGS. . ..., 6
RESUIES. ..o 11
DISCUSSION. ...ttt 34

RO O N CES . . . e 40



Abstract

Introduction: The use of alternative medicine has increased in recent years due to its
minimal side effects and holistic approach to healthcare. Ginkgo biloba extract (GBE) is
a natural antioxidant derived from leaves of the Maidenhair tree and is known to improve
blood vessel health. However, its effect on the retinal circulation is not fully understood.
The purpose of this study is to examine the effect of GBE oral supplements on the retinal
circulation.

Methods: Blood pressure (Omron HEM-705CP), intraocular pressure (Canon T2 non-
contact Tonometer), and blood flow velocities in the ophthalmic artery, central retinal
artery, and short posterior ciliary arteries (Color Doppler imaging, Sequoia) were
obtained from participants aged 22 to 36 with good ocular and systemic health.
Measurements were performed between 12-5pm to control for circadian rhythm effects at
3 study visits: 1 week before baseline at pre-supplement visit (T-1), at baseline (To) and
after 4 weeks of 240mg/day GBE supplementation at post-supplement visit (T4). Ocular
perfusion pressure (OPP) was calculated as OPP = 2/3 * (Mean Arterial Pressure — 10P).

Results: Thirteen participants were recruited (5m, 8f; 25.54 £ 3.64 years). No significant
changes in systemic blood pressure, OPP or retinal circulation were observed between
pre-supplement visit (T.1) and baseline (To) prior to GBE supplementation. However, the
ophthalmic and short posterior ciliary arteries peak systolic velocities increased from
baseline (To) to post-treatment (T4) (ophthalmic artery baseline ave + SD: 18.97 +
6.67cm/s; post-treatment:24.33 + 6.90cm/s; short posterior ciliary artery baseline: 10.56 +
1.87cml/s; post-treatment: 11.58 + 1.97cm/s; both p < 0.05). The increases in ophthalmic
and short posterior ciliary arteries peak systolic velocities did not correlate with changes
in systolic BP, diastolic BP, or OPP.

Discussion: Our preliminary data suggests that 240mg/day of Ginkgo biloba extract
(GBE) may increase blood flow in two major retinal ocular arteries. Such increase
appears independent from changes in systemic blood pressure or OPP.



Introduction

Alternative medicine has become increasingly mainstream in recent years. The
main benefits of alternative treatments, such as dietary supplements, are their minimal
side effects and holistic approach to healthcare. Herbal products in particular are an
important component of the increasing trend toward alternative medicine. One herbal

product of current interest is the natural antioxidant Ginkgo biloba.*

Ginkgo biloba

Derived from the leaves of the Maidenhair tree, Ginkgo biloba’s medicinal
properties were first recognized 5000 years ago in ancient China.? Recently, the extract of
Ginkgo biloba leaves (GBE) has gained popularity as one of the most widely used herbal
supplements.? Studies on GBE’s protective effects have unveiled a variety of molecular
mechanisms by which GBE improves blood vessel health. Overall, GBE appears to have
major effects on antioxidant capacity, vasomotor function, and platelet activation. Firstly,
GBE increases antioxidant activity by scavenging free radicals and increasing the
expression of antioxidant genes.® Secondly, GBE has vasorelaxant effects by mediating
factors released from the endothelium.* Thirdly, GBE decreases platelet aggregation by
competitively inhibiting platelet activation factor (PAF) from binding its membrane
receptor.> Additional effects of GBE on signaling pathways, ionic perturbations, cell
adhesion, and smooth muscle cell activation have been reported, 12 highlighting GBE’s

potential as an effective broad treatment for many vascular disorders

In vitro studies of Ginkgo biloba



Although Ginkgo biloba is known to improve blood vessel health, its effects on
ocular tissue is not fully understood. Evidence in the literature has shown that Gingko
biloba has beneficial effects in the eye.®® An in vitro study of light-exposed rats injected
with Gingko biloba suggests that Gingko biloba has multiple protective effects in the
degenerated retina by decreasing light-induced retinal thinning, scavenging free radicals,
reducing the damaged retina's consumption of antioxidative enzymes, and alleviating
damage to tissue lipids.® Investigation into the retinal function of light-exposed rats also
found that Gingko biloba treatment protects against photoreceptor loss and improves
retinal function.'® Another in vitro study proposed that Gingko biloba may exert anti-
inflammatory effects in the retina of diabetic rats by reducing levels of the
proinflammatory mediators TNF-a and VEGF.!! Overall, experimental studies of Gingko
biloba have shown that this natural antioxidant can reduce free radicals and inflammatory
cytokines in the retina, attenuate light-induced retinal thinning, and protect photoreceptor

cell function.

Clinical studies of Ginkgo biloba

Clinical studies of GBE in the eye have thus far been mainly focused on its
beneficial effects in glaucoma. Three studies have been published on the effects of GBE
on blood flow in glaucoma patients. The results of one study found that normal tension
glaucoma (NTG) patients who were administered 80mg GBE twice a day for four weeks
had significant increases in mean blood flow, volume, and velocity in the peripapillary
region.” Another study described open angle glaucoma (OAG) patients who were given

antioxidant supplements containing 120mg GBE per day for one month to have a



significant increase in blood supply to the orbit, improved retinal capillary perfusion, and
decreased vascular resistance.® Currently, there are two ongoing clinical trials
investigating the effects of GBE supplementation in glaucomatous eyes (NCT03761992,
NCT04334564) and one ongoing trial exploring the efficacy of GBE supplementation as a
treatment for retinitis pigmentosa (NCT02465749). Outcome measures in the current
studies include retinal blood vessel density, visual field sensitivity, retinal nerve fiber
layer thickness, visual acuity, electroretinogram (ERG), and/or retinal vessel oxygen
saturation. The diverse array of outcome parameters underscores the scientific
community’s increasing knowledge of Gingko biloba’s potentially widespread protective
effects in the eye.

The recent surge in research on Gingko biloba, combined with its reported
beneficial effects on blood flow, make GBE a strong candidate as a dietary supplement to
maintain the health of ocular tissue by increasing blood circulation. The aim of this
Master’s research is to examine the effect of GBE oral supplements on the retinal
circulation, with the ultimate goal to discover an alternative nutrition-based treatment for

promoting ocular health.



Methods

Study Design

The design of this study was a phase 0 prospective, longitudinal, interventional
clinical trial. This study was approved by the Institutional Review Board at SUNY
College of Optometry. Informed consent was obtained from the subjects after explanation

of the nature and possible consequences of the study (NCT04448535).

Human subjects

Inclusion criteria for the study population was healthy adults aged 22 to 36 years,
corrected visual acuity of 20/40 or better, and no prior Ginkgo biloba supplementation
within the past three months. Exclusion criteria included all significant ocular and any
systemic disorders considered likely to affect the ocular or systemic vasculature, history
of ocular surgery, any eye or systemic diseases that affected vision, current smokers, and
subjects who were pregnant, breastfeeding, or planning conception. Due to GBE’s known
action of inhibiting platelet activation, subjects currently taking warfarin, aspirin, or any

antiplatelet medications were excluded from the study.

Protocol

Subjects participated in 3 study visits (6 hours total) over the span of 5 weeks.
During the initial screening at pre-supplement visit (T-1), informed consent and general
medical history were obtained from the subject. The researcher confirmed good general
health and good ocular health in the subject and performed automated blood pressure

(Omron HEM-705CP), intraocular pressure (Canon T2 non-contact Tonometer), ocular



biometry (Lenstar), distance and near visual acuity, and objective refraction (Shin-
Nippon NVision-K 5001 autorefractor).

For qualified subjects, measures of ocular vascular hemodynamics were
performed using color doppler imaging (CDI) and ocular perfusion pressure (OPP). CDI
used ultrasound imaging to assess blood flow velocities such as peak systolic velocity
(PSV) and end diastolic velocity (EDV) in the ophthalmic artery (OA), central retinal
artery (CRA), and short posterior ciliary arteries (SPCAs). Furthermore, CDI velocities
were used to calculate values of resistance index (RI) for each retrobulbar vessel, based
on the formula Rl = (PSV - EDV) / PSV. OPP represented the difference between arterial
blood pressure and intraocular pressure (I0OP), and was used to signify the degree of
blood perfusion into the eye.

At pre-supplement visit (T-1), initial baseline measurements of blood flow
velocities in the ophthalmic artery, central retinal artery, and short posterior ciliary
arteries were obtained using CDI. Each measurement of PSV, EDV, and RI was repeated
sequentially to assess intra-researcher variability. After one week of no GBE
supplementation, the same measurements were repeated at baseline visit (To). After one
month of 240mg/day GBE supplementation, changes in these same parameters were
investigated at post-supplement visit (T4). A flow diagram of the protocol is shown in

Figure 1 and details of the methodology are discussed below.



Initial Screening and Pre-Supplement Visit
Day 0 (T)
-Number of subjects screened (n=13)
-PSV, EDV, and Rl in ophthalmic artery, central retinal artery, and short posterior ciliary arteries (CDI)
-Distance and near best corrected visual acuity, Systemic blood pressure,
Intraocular pressure, Auto-refraction, Axial length

Control Phase
Days 0-6
-no GBE supplementation

Baseline Visit
Day 7 (Tq)
-Number of subjects receiving supplement (n=13)
-PSV, EDV, and Rl in ophthalmic artery, central retinal artery, and short posterior ciliary arteries (CDI)
-Distance and near best corrected visual acuity, Systemic blood pressure, Intraocular pressure

Days 7-34

:’ Experimental Phase
|
{ -240mg daily GBE supplementation

Post-Supplement Visit
Day 35 (Ty)
-Number of subjects completed (n=13)
-PSV, EDV, and Rl in ophthalmic artery, central retinal artery, and short posterior ciliary arteries (CDI)
-Distance and near best corrected visual acuity, Systemic blood pressure, Intraocular pressure

Figure 1. Flow diagram of the protocol for this Phase 0, prospective, longitudinal, interventional

clinical trial.

Control phase (days 0-6): At the end of the pre-supplement visit (T-1), subjects
were instructed to go home and maintain normal dietary and lifestyle habits for one week
without GBE supplementation. The purpose of this first control phase of the study, in
which subjects underwent one week without supplementation, was to establish each
subject as his/her own control for any observed variations in measurements. One week
after the first visit, subjects returned for a baseline visit (To).

To: Study measurements conducted during the pre-supplement visit (T-1) were
repeated at the baseline visit (To). Subjects were then assigned one month's supply of

GBE supplements. A daily dosage of 240mg GBE was chosen because it is a moderate



dosage lying in between the reported minimum (120mg) and maximum (900mg) daily
dosages of Ginkgo biloba in current clinical trials (NCT02376114, NCT02465749).
Subjects were instructed to consume one tablet of 120mg GBE in the morning and
another in the evening, and to continue maintaining normal dietary and lifestyle habits for
one month. The purpose of this second phase of the study (experimental phase), in which
subjects underwent one month of Ginkgo biloba supplementation, was to determine if
GBE consumption would induce any changes in the vascular supply of ocular tissue.

T4: At one month after the baseline visit (To), subjects returned for a post-
supplement visit (T4). Study measurements conducted during the baseline visit (To) were

repeated at this post-supplement visit.

Color Doppler Imaging

The Siemens ACUSON Sequoia Ultrasound System was used to measure blood
flow velocities in the three major retinal ocular arteries. Color Doppler imaging assessed
peak systolic velocity (PSV), end diastolic velocity (EDV) and resistance index (RI) in
the ophthalmic artery (OA), central retinal artery (CRA), and short posterior ciliary
arteries (SPCAs). Two measurements of each parameter were taken sequentially at each

visit in order to determine intra-researcher repeatability of CDI.

Ocular perfusion pressure
Ocular perfusion pressure (OPP) was calculated as OPP = 2/3 * (Mean Avrterial

Pressure — Intraocular pressure). Blood pressure was measured on the same arm at each
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visit with the Omron HEM-705CP. Intraocular pressure was measured on the same eye at

each visit with the Canon T2 non-contact Tonometer.

Statistical Analysis

A total of three parameters were measured for three arteries. The peak systolic
velocity (PSV), end diastolic velocity (EDV), and resistance index (RI) were measured
for ophthalmic artery, central retinal artery, and short posterior artery. Each data set was
first analyzed for normal distribution using the Kolmogorov-Smirnov Test of Normality
(p<0.05). Changes in the PSV, EDV, and RI in each of the three major retinal ocular
arteries were then analyzed using the t-test for 2 dependent means. Changes from pre-
treatment to baseline were analyzed using two-tailed hypothesis (p<0.05), and changes
from baseline to post-treatment were analyzed using one-tailed hypothesis (p<0.05).
Correlations between blood flow changes and three factors (axial length, systemic blood
pressure, and OPP) were analyzed using the Pearson Correlation Coefficient. Changes in
systolic blood pressure, diastolic blood pressure, OPP, and pulse rate were analyzed with
the t-test for 2 dependent means, using two-tailed hypothesis (p<0.05) for pre-treatment
to baseline and one-tailed hypothesis (p<0.05) for baseline to post-treatment.

Repeatability of CDI blood flow measurements was analyzed on the Bland-Altman Plot.



Results

retinal arteries are summarized in Table 1. Details of the results are discussed below.

The results of changes in PSV, EDV, and RI over three study visits for all three

Pre-supplement visit | Baseline visit Post-supplement visit
(T1) (To) (Ta)
OA PSV* 20.79+7.71 cm/s 18.97 £ 6.67 cm/s 24.33 £6.90 cm/s
EDV 5.02 £ 2.29 cm/s 5.33 + 2.41 cm/s 6.42 + 1.53 cm/s
RI 0.76 + 0.06 0.72 + 0.06 0.73 +0.06
CRA PSV 11.35+ 3.17 cm/s 11.54 £ 2.40 cm/s 12.32 £ 2.61 cm/s
EDV 4.05 + 2.04 cm/s 4,32 +1.03 cm/s 445+ 1.11 cm/s
RI 0.65+0.10 0.62 + 0.05 0.63 + 0.07
SPCA PSV* 9.95 + 2.14 cm/s 10.56 + 1.87 cm/s 11.58 £ 1.97 cm/s
EDV 3.36 £ 1.38 cm/s 4.07 £ 1.34 cm/s 4,25+ 1.06 cm/s
RI 0.65+0.10 0.62 + 0.05 0.63 + 0.07

11

Table 1. Summary of PSV, EDV, and RI measurements in three retinal arteries before and after one

month of GBE supplementation.

Ophthalmic Artery (OA)

Peak Systolic Velocity

The data for OA PSV was normally distributed with a p-value of 0.32.

Repeatability of measurements at each visit for all thirteen subjects are shown on Figure

2. The difference between measurements in a single visit were within +1.96 standard

deviation, indicating good repeatability of measurements with low intra-researcher

variability.
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OA PSV Repeatability

15

10

Difference between two measures

Average of two measures

Figure 2. Bland-Altman plot showing good repeatability of OA PSV measurements.

Comparing the pre-treatment control phase OA PSV (T.1) to baseline (To), the p-
value was 0.33 (pre-treatment ave = SD: 20.79 £ 7.71cm/s; baseline: 18.97 £ 6.67cm/s).
Therefore, the OA PSV remained stable one week apart when participants had no major
changes to their diet or physical activity. Comparing the experimental baseline (To) to
post-treatment (T4), the p-value was 0.02 (baseline ave = SD: 18.97 £ 6.67cm/s; post-
treatment: 24.33 + 6.90cm/s). Therefore, the OA PSV significantly increased after one
month of 240mg/day ginkgo supplementation, as depicted by the blue line on Figure 3.
Individual changes in the OA PSV of all thirteen subjects from pre-treatment (T-1) to

baseline (To) to post-treatment (T4), are shown on Figure 4.
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Figure 3. Change in three blood flow parameters in the ophthalmic artery. A significant increase in

OA PSV is depicted by the blue line.
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Figure 4. Individual changes in the ophthalmic artery’s peak systolic velocity for all thirteen subjects.
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There was no correlation between OA PSV and axial length. The Pearson
correlation coefficient for axial length and velocity change R-value was 0.40. Therefore
only 40% of the PSV increase could be explained by the length of the eyeball. The p-
value was 0.17, so this result was not significant.

There was no correlation between OA PSV and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and velocity change R-value was 0.03.
Therefore only 3% of the PSV increase could be explained by the systolic BP. The p-
value was 0.93, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and velocity change R-value was 0.17. Therefore only 17% of the PSV
increase could be explained by the diastolic BP. The p-value was 0.58, so this result was
not significant.

There was no correlation between OA PSV and OPP. The Pearson correlation
coefficient for OPP and velocity change R-value was 0.07. Therefore only 7% of the PSV
increase could be explained by the OPP. The p-value was 0.85, so this result was not

significant.

Ophthalmic Artery

End Diastolic Velocity

The data for OA EDV was normally distributed with a p-value of 0.47.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
5. Most differences between measurements in a single visit were within £1.96 standard
deviation, indicating good repeatability of measurements with low intra-researcher

variability.
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OA EDV Repeatability

Difference

Average

Figure 5. Bland-Altman plot showing good repeatability of OA EDV measurements.

Comparing the pre-treatment control phase (T-1) to baseline (To), the p-value was
0.70 (pre-treatment ave + SD: 5.02 £ 2.29cm/s; baseline: 5.33 + 2.41cm/s). Therefore,
when patients came one week apart without major changes to their diet, the OA EDV
remained stable. Comparing the experimental phase from baseline (To) to post-treatment
(T4), the p-value was 0.10 (baseline ave + SD: 5.33 £ 2.41cm/s; post-treatment: 6.42 +
1.53cm/s). Therefore, the OA EDV did not significantly increase after one month of
240mg/day ginkgo supplementation, as depicted by the orange line on Figure 3.

There was no correlation between OA EDV and axial length. The Pearson
correlation coefficient for axial length and velocity change R-value was 0.14. Therefore
only 14% of the EDV increase could be explained by the length of the eyeball. The p-
value was 0.64, so this result was not significant.

There was no correlation between OA EDV and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and velocity change R-value was 0.29.

Therefore only 29% of the EDV increase could be explained by the systolic BP. The p-
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value was 0.34, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and velocity change R-value was 0.40. Therefore only 40% of the EDV
increase could be explained by the diastolic BP. The p-value was 0.18, so this result was
not significant.

There was no correlation between OA EDV and OPP. The Pearson correlation
coefficient for OPP and velocity change R-value was 0.28. Therefore only 28% of the
EDV increase could be explained by the OPP. The p-value was 0.36, so this result was

not significant.

Ophthalmic Artery

Resistance Index

The data for OA RI was normally distributed with a p-value of 0.75. Repeatability
of measurements at each visit for all thirteen subjects are shown on Figure 6. Most
differences between measurements in a single visit were within £1.96 standard deviation,

indicating good repeatability of measurements with low intra-researcher variability.

OA Rl Repeatability

o
=

[=]
=]
o

Difference

-0.05

Average

Figure 6. Bland-Altman plot showing good repeatability of OA Rl measurements.
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Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.07 (pre-treatment ave + SD: 0.76 = 0.06cm/s; baseline: 0.72 + 0.06cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
OA RI remained stable. Comparing the experimental phase from baseline (To) to post-
treatment (T4), the p-value was 0.33 (baseline ave = SD: 0.72 + 0.06¢cm/s; post-treatment:
0.73 £ 0.06cm/s). Therefore, the OA RI did not significantly decrease after one month of
240mg/day ginkgo supplementation.

There was no correlation between OA RI and axial length. The Pearson
correlation coefficient for axial length and RI change R-value was 0.29. Therefore only
29% of the RI change could be explained by the length of the eyeball. The p-value was
0.33, so this result was not significant, as depicted by the pink line on Figure 3.

There was no correlation between OA RI and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and RI change R-value was 0.27.
Therefore only 27% of the RI change could be explained by the systolic BP. The p-value
was 0.31, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and RI change R-value was 0.31. Therefore only 31% of the RI change
could be explained by the diastolic BP. The p-value was 0.30, so this result was not
significant.

There was no correlation between OA RI and OPP. The Pearson correlation
coefficient for OPP and RI change R-value was 0.14. Therefore only 14% of the RI
change could be explained by the OPP. The p-value was 0.64, so this result was not

significant.
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Central Retinal Artery

Peak Systolic Velocity

The data for CRA PSV was normally distributed with a p-value of 0.95.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
7. The difference between measurements in a single visit were within +1.96 standard
deviation, indicating good repeatability of measurements with low intra-researcher
variability.

CRA PSV Repeatability

Difference

Average

Figure 7. Bland-Altman plot showing good repeatability of CRA PSV measurements.

Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.77 (pre-treatment ave £ SD: 11.35 + 3.17cm/s; baseline: 11.54 + 2.40cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
CRA PSV remained stable. Comparing the experimental phase from baseline (To) to
post-treatment (T4), the p-value was 0.11 (baseline ave + SD: 11.54 + 2.40cm/s; post-

treatment: 12.32 £+ 2.61cm/s). Therefore, the CRA PSV did not significantly increase
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after one month of 240mg/day ginkgo supplementation, as depicted by the yellow line on

Figure 8.
Change in Blood Flow in CRA
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Figure 8. Change in three blood flow parameters in the central retinal artery. There are no

significant increases in any blood flow parameter.

There was no correlation between CRA PSV and axial length. The Pearson
correlation coefficient for axial length and velocity change R-value was 0.12. Therefore
only 12% of the PSV increase could be explained by the length of the eyeball. The p-
value was 0.69, so this result was not significant.

There was no correlation between CRA PSV and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and velocity change R-value was 0.05.
Therefore only 5% of the PSV increase could be explained by the systolic BP. The p-

value was 0.87, so this result was not significant. The Pearson correlation coefficient for
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diastolic BP and velocity change R-value was 0.01. Therefore only 1% of the PSV
increase could be explained by the diastolic BP. The p-value was 0.98, so this result was
not significant.

There was no correlation between CRA PSV and OPP. The Pearson correlation
coefficient for OPP and velocity change R-value was 0.10. Therefore only 10% of the
PSV increase could be explained by the OPP. The p-value was 0.75, so this result was not

significant.

Central Retinal Artery
End Diastolic Velocity

The data for CRA EDV was normally distributed with a p-value of 0.96.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
9. Most differences between measurements were within +1.96 standard deviation,

indicating good repeatability of measurements with low intra-researcher variability.

CRA EDV Repeatability

Difference

Average

Figure 9. Bland-Altman plot showing good repeatability of CRA EDV measurements.
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Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.50 (pre-treatment ave + SD: 4.05 + 2.04cm/s; baseline: 4.32 + 1.03cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
CRA EDV remained stable. Comparing the experimental phase from baseline (To) to
post-treatment (T4), the p-value was 0.32 (baseline ave £ SD: 4.32 + 1.03cm/s; post-
treatment: 4.45 £ 1.11cm/s). Therefore, the CRA EDV did not significantly increase after
one month of 240mg/day ginkgo supplementation, as depicted by the blue line in Figure
8.

There was no correlation between CRA EDV and axial length. The Pearson
correlation coefficient for axial length and velocity change R-value was 0.07. Therefore
only 7% of the EDV increase could be explained by the length of the eyeball. The p-
value was 0.82, so this result was not significant.

There was no correlation between CRA EDV and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and velocity change R-value was 0.12,
Therefore only 12% of the EDV increase could be explained by the systolic BP. The p-
value was 0.69, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and velocity change R-value was 0.35. Therefore only 35% of the EDV
increase could be explained by the diastolic BP. The p-value was 0.23, so this result was
not significant.

There was no correlation between CRA EDV and OPP. The Pearson correlation
coefficient for OPP and velocity change R-value was 0.28. Therefore only 28% of the
EDV increase could be explained by the OPP. The p-value was 0.35, so this result was

not significant.
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Central Retinal Artery

Resistance Index

The data for CRA RI was normally distributed with a p-value of 0.66.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
10. Most differences between measurements in a single visit were within +£1.96 standard
deviation, indicating good repeatability of measurements with low intra-researcher

variability.

CRA RI Repeatability
0.2

0.15

Difference

Average

Figure 10. Bland-Altman plot showing good repeatability of CRA RI measurements.

Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.27 (pre-treatment ave + SD: 0.65 £ 0.10cm/s; baseline: 0.62 + 0.05cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
CRA RI remained stable. Comparing the experimental phase from baseline (To) to post-
treatment (T4), the p-value was 0.34 (baseline ave = SD: 0.62 + 0.05cm/s; post-treatment:
0.63 £ 0.07cm/s). Therefore, the CRA RI did not significantly decrease after one month

of 240mg/day ginkgo supplementation, as depicted by the orange line in Figure 8.
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There was no correlation between CRA RI and axial length. The Pearson
correlation coefficient for axial length and RI change R-value was 0.11. Therefore only
11% of the RI change could be explained by the length of the eyeball. The p-value was
0.72, so this result was not significant.

There was no correlation between CRA RI and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and RI change R-value was 0.04.
Therefore only 4% of the RI change could be explained by the systolic BP. The p-value
was 0.89, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and RI change R-value was 0.31. Therefore only 31% of the RI change
could be explained by the diastolic BP. The p-value was 0.29, so this result was not
significant.

There was no correlation between CRA RI and OPP. The Pearson correlation
coefficient for OPP and RI change R-value was 0.17. Therefore only 17% of the RI
change could be explained by the OPP. The p-value was 0.59, so this result was not

significant.

Short Posterior Ciliary Arteries

Peak Systolic Velocity

The data for SPCA PSV was normally distributed with a p-value of 0.59.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
11. The difference between measurements in a single visit were within +1.96 standard
deviation, indicating excellent repeatability of measurements with low intra-researcher

variability.
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SPCA PSV Repeatability

Difference

Average

Figure 11. Bland-Altman plot showing excellent repeatability of SPCA PSV measurements.

Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.34 (pre-treatment ave + SD: 9.95 + 2.14cm/s; baseline: 10.56 + 1.87cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
SPCA PSV remained stable. Comparing the experimental phase from baseline (To) to
post-treatment (T4), the p-value was 0.0025 (baseline ave £ SD: 10.56 + 1.87cm/s; post-
treatment: 11.58 + 1.97cm/s). Therefore, the SPCA PSV significantly increased after one
month of 240mg/day ginkgo supplementation, as depicted by the red line in Figure 12.
Individual changes in the SPCA PSV of all thirteen subjects from pre-treatment (T-1) to

baseline (To) to post-treatment (T4), are shown on Figure 13.
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Figure 12. Change in three blood flow parameters in the short posterior ciliary arteries. A significant

increase in SPCA PSV is depicted by the red line.
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There was no correlation between SPCA PSV and axial length. The Pearson
correlation coefficient for axial length and velocity change R-value was 0.22. Therefore
only 22% of the PSV increase could be explained by the length of the eyeball. The p-
value was 0.47, so this result was not significant.

There was no correlation between SPCA PSV and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and velocity change R-value was 0.28.
Therefore only 28% of the PSV increase could be explained by the systolic BP. The p-
value was 0.35, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and velocity change R-value was 0.36. Therefore only 36% of the PSV
increase could be explained by the diastolic BP. The p-value was 0.22, so this result was
not significant.

There was no correlation between SPCA PSV and OPP. The Pearson correlation
coefficient for OPP and velocity change R-value was 0.29. Therefore only 29% of the
PSV increase could be explained by the OPP. The p-value was 0.33, so this result was not

significant.

Short Posterior Ciliary Arteries

End Diastolic Velocity

The data for SPCA EDV was normally distributed with a p-value of 0.69.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
14. Most differences between measurements were within +1.96 standard deviation,

indicating good repeatability of measurements with low intra-researcher variability.
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SPCA EDV Repeatability
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Figure 14. Bland-Altman plot showing good repeatability of SPCA EDV measurements.

Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.06 (pre-treatment ave £ SD: 3.36 = 1.38cm/s; baseline: 4.07 + 1.34cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
SPCA EDV remained stable. Comparing the experimental phase from baseline (To) to
post-treatment (T4), the p-value was 0.29 (baseline ave + SD: 4.07 + 1.34cm/s; post-
treatment: 4.25 £ 1.06¢cm/s). Therefore, the SPCA EDV did not significantly increase
after one month of 240mg/day ginkgo supplementation, as depicted by the blue line in
Figure 12.

There was no correlation between SPCA EDV and axial length. The Pearson
correlation coefficient for axial length and velocity change R-value was 0.07. Therefore
only 7% of the EDV increase could be explained by the length of the eyeball. The p-
value was 0.83, so this result was not significant.

There was no correlation between SPCA EDV and systemic blood pressure. The

Pearson correlation coefficient for systolic BP and velocity change R-value was 0.08.
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Therefore only 8% of the EDV increase could be explained by the systolic BP. The p-
value was 0.79, so this result was not significant. The Pearson correlation coefficient for
diastolic BP and velocity change R-value was 0.36. Therefore only 36% of the EDV
increase could be explained by the diastolic BP. The p-value was 0.23, so this result was
not significant.

There was no correlation between SPCA EDV and OPP. The Pearson correlation
coefficient for OPP and velocity change R-value was 0.14. Therefore only 14% of the
EDV increase could be explained by the OPP. The p-value was 0.65, so this result was

not significant.

Short Posterior Ciliary Arteries

Resistance Index

The data for SPCA RI was normally distributed with a p-value of 0.61.
Repeatability of measurements at each visit for all thirteen subjects are shown on Figure
15. Most differences between measurements in a single visit were within +£1.96 standard
deviation, indicating good repeatability of measurements with low intra-researcher

variability.
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Figure 15. Bland-Altman plot showing good repeatability of SPCA Rl measurements.

Comparing the control phase from pre-treatment (T-1) to baseline (To), the p-value
was 0.09 (pre-treatment ave + SD: 0.65 £ 0.10cm/s; baseline: 0.62 + 0.05cm/s).
Therefore, when patients came one week apart without major changes to their diet, the
SPCA RI remained stable. Comparing the experimental phase from baseline (To) to post-
treatment (T4), the p-value was 0.40 (baseline ave = SD: 0.62 + 0.05cm/s; post-treatment:
0.63 £ 0.07cm/s). Therefore, the SPCA RI did not significantly decrease after one month
of 240mg/day ginkgo supplementation, as depicted by the orange line in Figure 12.

There was no correlation between SPCA RI and axial length. The Pearson
correlation coefficient for axial length and RI change R-value was 0.09. Therefore only
9% of the RI change could be explained by the length of the eyeball. The p-value was
0.70, so this result was not significant.

There was no correlation between SPCA RI and systemic blood pressure. The
Pearson correlation coefficient for systolic BP and RI change R-value was 0.11.
Therefore only 11% of the RI change could be explained by the systolic BP. The p-value

was 0.72, so this result was not significant. The Pearson correlation coefficient for
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diastolic BP and RI change R-value was 0.37. Therefore only 37% of the RI change
could be explained by the diastolic BP. The p-value was 0.21, so this result was not
significant.

There was no correlation between SPCA RI and OPP. The Pearson correlation
coefficient for OPP and RI change R-value was 0.16. Therefore only 16% of the Rl
change could be explained by the OPP. The p-value was 0.61, so this result was not

significant.

Changes in Systolic BP, Diastolic BP, OPP and Pulse Rate

Changes in Systolic and Diastolic BP

Comparing the control phase from pre-treatment (T-1) to baseline (To), the systolic
BP p-value was 0.42 (pre-treatment ave + SD: 123.31 + 9.59mmHg; baseline: 125.08 +
10.87mmHg) and the diastolic BP p-value was 0.45 (pre-treatment ave = SD: 80.38 £
8.94mmHg; baseline: 79.23 £ 8.17mmHg). Therefore, the systolic and diastolic blood
pressures remained stable when patients came one week apart without major changes to

their diet.



31
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Figure 16. Change in systolic BP, diastolic BP, and OPP over three visits. There are no significant

changes in any measurement throughout the study.

Comparing the experimental phase from baseline (To) to post-treatment (T4), the
systolic p-value was 0.19 (baseline ave £ SD: 125.08 + 10.87mmHg; post-treatment:
122.69 + 13.91mmHg) and the diastolic BP p-value was 0.41 (baseline ave + SD: 79.23 +
8.17mmHg; post-treatment: 78.92 + 6.51mmHg). Therefore, as shown in Figure 16, the
systolic and diastolic blood pressures did not decrease after one month of 240mg/day

ginkgo supplementation.
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Changes in OPP

Comparing the control phase from pre-treatment (T-1) to baseline (To), the OPP p-
value was 0.49 (pre-treatment ave = SD: 53.18 £ 6.38mmHg; baseline: 53.95 +
6.40mmHg). Therefore, the OPP remained stable when patients came one week apart
without major changes to their diet.
Comparing the experimental phase from baseline (To) to post-treatment (T4), the OPP p-
value was 0.23 (baseline ave = SD: 53.95 + 6.40mmHg; post-treatment: 53.13 +
6.69mmHg). Therefore, as shown in Figure 16, OPP did not increase after one month of

240mg/day ginkgo supplementation.

Changes in Pulse Rate

Comparing the control phase from pre-treatment (T-1) to baseline (To), the pulse
rate p-value was 0.81 (pre-treatment ave + SD: 73.62 + 12.57bpm; baseline: 74.23 +
12.10bpm). Therefore, the pulse rate remained stable when patients came one week apart
without major changes to their diet. Comparing the experimental phase from baseline
(To) to post-treatment (T4), the pulse rate p-value was 0.46 (baseline ave £ SD: 74.23 £
12.10bpm; post-treatment: 73.92 + 11.37bpm). Therefore, as shown in Figure 17, pulse

rate did not change after one month of 240mg/day ginkgo supplementation.
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Figure 17. Change in pulse rate over three visits. There is no significant change in pulse rate

throughout the study.
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Discussion

The outcomes of this study suggest that ginkgo biloba extract (GBE) may increase
blood flow in two major retinal ocular arteries. The peak systolic velocity of the
ophthalmic artery and short posterior ciliary arteries increased after one month of GBE
supplementation (240mg/day). These increases were independent from axial length,
systemic blood pressure, and ocular perfusion pressure.

The significance of this work is its novelty as the first prospective, interventional
clinical trial in young healthy eyes free from systemic or ocular disease. Demonstrating
GBE’s ability to increase ocular blood flow in healthy eyes supports the importance it
might play as a preventive treatment for eyes with vascular complications. The main
strength of the study was the implementation of a 1-week control phase with no GBE
supplementation, to control for confounding lifestyle factors such as diet, exercise habits,
and sleep patterns that could affect the effect of GBE supplementation during the
treatment phase. Other strengths included scheduling visits at the same time during the
day to control for the effects of circadian rhythm, and repeating measurements twice to
assess repeatability and to minimize intra-observer variability.

The effects of GBE on blood vessel health in animal models and systemic blood
flow in humans have been well documented, however the effects on ocular blood flow in
human eyes are not yet clear. This study used color doppler imaging to provide insight
into the effect of GBE on blood flow following one month of supplementation. A
substantial increase in the peak systolic blood velocity in two ocular arteries was
identified. In examining the factors contributing to peak systolic velocity, blood flow is

known to be directly related to ocular perfusion pressure and inversely related to
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resistance.'? This study found that the ocular perfusion pressure and resistance index of
all ocular arteries were stable throughout the course of the study. Thus, there may be an
alternative mechanism by which GBE affects blood flow. Further research is needed to
elucidate the mechanisms by which GBE acts in human ocular arteries.

The results of this study showing significant increases in the PSV of OA and
SPCA should be interpreted with caution. Comparison of the PSV values with the Bland-
Altman plots of repeatability reveal that the increases in PSV of OA and SPCA lie within
the noise of intra-researcher variability. Table 1 shows that the average OA PSV
increased 5.36cm/s from baseline (To) to post-treatment (T4), however Figure 2 shows a
large 25cm/s range of measurement repeatability, indicating that the significant OA PSV
increase may be within tolerance of intra-researcher variability. Additionally, the
individual changes in OA PSV of all thirteen subjects shown in Figure 4 reveals a general
trend of slight decrease from pre-treatment (T-1) to baseline (To), followed by a slight
increase from baseline (To) to post-treatment (T4). The values of PSV at post-treatment
(T4) are comparable to values at pre-treatment (T.1), indicating that the PSV increase may
be attributed to normal fluctuation in blood flow. The significant result of SPCA PSV is
similar to that of OA PSV. Table 1 shows that the average SPCA PSV increased
1.02cm/s from baseline (To) to post-treatment (T4), however Figure 11 shows a large
6cm/s range of measurement repeatability, indicating that the significant SPCA PSV
increase may be within tolerance of intra-researcher variability. Additionally, the
individual changes in SPCA PSV of all thirteen subjects shown in Figure 13 reveals a
general trend of slight increase from pre-treatment (T-1) to baseline (To), followed by

another slight increase from baseline (To) to post-treatment (T4). The slight increases of
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PSV before and after baseline (To) are similar, indicating that the PSV increase may be
attributed to normal fluctuation in blood flow. Thus, the significant increases in OA PSV
and SPCA PSV found in this study may be partly a result of intra-researcher variability
and normal fluctuations in blood flow instead of the effects of GBE.

This study found that GBE did not have a significant effect on the end diastolic
velocity. A possible reason for the change in peak systolic blood velocity but not the end
diastolic velocity is the nature of the measure. Peak systolic velocity indices are more
dependent on peak contractility, whereas end diastolic velocity indices are more related
to stroke volume.'® Given that stroke volume is dependent on both contractility force and
the total time span of work, end diastolic velocity is more affected by heart rate. In our
study pulse rate was not significantly affected by GBE. As shown in Figure 16, the heart
rate of each subject remained stable between baseline visit (To) and post-supplement visit
(T4), which could partly explain the lack of significant change of end diastolic velocity in
this study. Additionally, echocardiography studies have found that peak systolic velocity
is a more sensitive marker to changes in contraction. In one human study evaluating
myocardial function of young healthy subjects, inotropic alterations affected peak
systolic velocity indices more than end diastolic velocity indices.** In another study of
left ventricular function in sheep, peak velocity was considerably more affected than the
total velocity time integral that is related to end diastolic velocity.®® Thus, the significant
increase in peak systolic velocity but not end diastolic velocity found in this study may be
attributed to GBE’s influence on blood flow without changes to heart rate, as well as to

peak systolic velocity greater sensitivity to change.
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The only other study assessing the effects of GBE on ocular blood flow in humans
found that daily intake of 120mg over two days significantly increased the ophthalmic
artery’s end diastolic velocity in glaucoma patients.® Their results highlighted the
potential of GBE as a treatment for ischemic ocular diseases, which provides another
demographic application of GBE compared to this study’s population of healthy eyes.
Although the mechanisms of glaucomatous damage are not fully known, it is believed
that one contributing mechanism is abnormal optic nerve circulation deriving from the
short posterior ciliary arteries.'® In a study evaluating blood flow in the three major
retrobulbar vessels in primary open angle glaucoma patients, glaucomatous eyes had
significantly decreased peak systolic and end diastolic velocities, and increased resistive
index.” Specifically, the peak systolic velocities of both the posterior ciliary artery and
ophthalmic artery were shown to be further reduced in glaucomatous eyes versus healthy
control eyes. Given our finding that GBE significantly increased the PSV in the short
posterior ciliary arteries and ophthalmic artery of healthy subjects, there is an opportunity
for GBE to have an even greater influence on blood flow velocity in glaucoma patients.
Thus, GBE may have a role in both maintenance of good ocular health and treatment of
ischemic ocular disease.

Another widespread ocular disorder characterized by changes in vascular supply
is myopia. High myopes in particular are at greater risk of developing future pathologies
that significantly decrease quality of life, warranting further research on maintaining the
health of ocular tissue in myopic eyes. The literature has shown that high myopic eyes
have decreased blood flow in the central retinal artery,*®'° reduced choriocapillary

flow,?° and lower retinal arteriole oxygen saturation.?*?® Associations have been
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established between high myopia and degeneration of ocular tissue caused by reduced
ocular blood flow. However, research has not yet been done on the potential beneficial
effects of GBE on myopic eyes. Given the described effects of GBE on blood vessel
health, GBE may be a safe, low-risk dietary supplement to enhance ocular tissue health in
high myopes.

Our significant findings of increased ocular blood flow undermine a potential link
between nutrition and eye health. The application of nutrition in ocular health has been
extensively studied in age-related macular degeneration (AMD). In a large randomized,
double-masked, placebo-controlled trial known as the Age-Related Eye Disease Study
(AREDS), 3640 patients with AMD were given daily supplements containing
combinations of vitamin C, vitamin E, beta-carotene, zinc, and copper, or a placebo.?
The study found that daily long-term supplementation with 500mg vitamin C, 400 1U
vitamin E, 15mg beta-carotene, 80mg zinc, and 2mg copper reduced the risk of
progression from intermediate AMD to late-stage AMD by 25% at 5 years. In a follow-
up randomized, double-masked, placebo-controlled clinical study known as AREDS2, the
substitution of beta-carotene for the carotenoids lutein and zeaxanthin was also suggested
to reduce AMD progression.?® These carotenoids are naturally found in dark green leafy
vegetables as well as various colored fruits, highlighting the importance of a healthy
dietary pattern to ocular health. As a result of these trials, the nutritional supplement
known as the AREDS formulation as well as recommendations of a diet high in a variety
of foods has become a standard of care for patients at risk of developing advanced AMD.

Another application of nutrition in ocular health has focused on dry eye disease.

Evidence has shown a correlation between omega-3 fatty acids and treatment of dry eyes.
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Omega-3’s are termed essential fatty acids because they are unable to be synthesized and
must be consumed from diet.?” Types of omega-3 fatty acids include eicosapentaenoic
acid (EPA), and docosahexaenoic acid (DHA),? which are naturally found in cold water
fish and flaxseed 0il.?° In a double blind randomized trial of 264 eyes, patients with dry
eyes were given 1000mg daily supplement intake of 325mg EPA and 175mg DHA for 3
months.* Results found a significant improvement in subjective symptoms and objective
TBUT scores. In another interventional, double-masked study with 105 subjects, the
effects of daily supplementation of 1680mg EPA/560mg DHA over 12 weeks was
investigated.3! Statistically significant improvements in tear osmolarity, omega-3 index
levels, TBUT, MMP-9, and OSDI symptom scores were noted, undermining the efficacy
of nutritional therapy for dry eyes. Dietary intervention of omega-3 fatty acid has shown
to be beneficial in improving both subjective and objective measurements of dry eye
disease.

The potential therapeutic benefits of dietary supplements as a low-risk, simple,
and cost-effective strategy for prevention of ocular disease warrants further investigation.
The present study provides new insights into the potential for GBE to increase ocular
blood flow in healthy eyes. Several design limitations still existed, including small study
size and lack of randomization. The thirteen included subjects were all healthcare
workers in the field of optometry, introducing possible bias into the patient population.
For future studies, a large-scale randomized double-blind clinical trial in patients with
ischemic ocular pathology is necessary to draw stronger conclusions about the effect of

GBE.
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